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PREF^ACE 

TO 

THE  FIFTH  EDITION. 


Ik  preparing  a  fifth  edition  of  these  Elements,  I  have  not  lost  sight 
of  tbe  plan  on  which  the  Work  was  originally  framed.  Its  object  is 
still,  without  entering  minutely  into  the  details  of  processes  and  ezperi- 
menta,  to  present  a  concise  and  connected  ?iew  of  tbe  facts  and  theo- 
ries of  Chemistry.  It  has  been  found  impossible,  so  numerous  are  tbe 
caltifmtors  of  this  science,  and  so  rapid  its  progress,  to  avoid  numerous 
changes  and  additions.  These  have  necessarily  been  interwoven  with 
the  texture  of  the  volume,  and  it  would  be  useless,  were  it  practicable, 
to  enter  into  an  exact  enumeration  of  them ;  but  it  may  be  convenient 
to  some  readers  that  the  more  important  variations  from  former  editions 
should  be  specified. - 

In  tbe  first  section  there  are  but  few  changes,  and  those  relate 
ehieAj  to  Radiant  Heat.  In  that  on  Light,  a  summary  of  the  laws  of 
reflection  and  refraction,  agreeably  to  the  wishes  of  some  of  my  pupils, 
has  been  supplied.  The  article  on  Electricity  has  been  almost  en- 
tirely recomposed  ;  and,  owing  to  the  kindness  of  Mr.  Snow  Harris,  I 
have  been  enabled  to  embody  many  results  of  his  late  researches, 
prior  to  their  appearance  in  a  printed  form  before  the  public.  I  have 
to  acknowledge  a  similar  kindness  in  Mr.  Faraday,  whose  discoveries 
in  Galvanism  have  compelled  me  to  remodel  the  whole  of  the  fourth 
section.  To  procure  all  the  facte  required  for  that  purpose,  I  have 
been  obliged  to  delay  writing  the  section  on  Galvanism  until  the  other 
parts  of  the  volume  were  completed.  This  will  account  for  the  labours 
of  Mr.  Faraday  not  being  referred  to  in  other  portions  of  the  volume, 
which,  though  placed  after  the  fourth  section,  were,  in  fAct,  printed 
some  weeks  earlier. 

A  few  changes  have  been  made  in  the  aection  on  the  Laws  of  Com- 
bination, where  will  also  be  found  a  description  of  the  mode  of  em- 
ploying symbols  in  Chemistry.  I  ventured  in  the  last  edition  to  in- 
troduce chemical  aymbols  as  an  organ  of  instruction,  and  aubsequent 
experience  h^  afforded  such  convincing  evidence  of  their  value  in 
this  point  of  view,  that  I  cannot  too  earnestly  urge  the  chemical  stu- 
dent to  employ  them  at  an  early  period  of  his  studies.    The  present 
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state  of  Chemistry  renders  the  use  of  sbbreyiated  or  symbolic  lan- 
guage almost  unavoidable ;  and  the  qaestion  now  is,  not  so  much 
whether  they  shall  be  used,  as  whether  they  shall  be  generally  under- 
stood. To  ensure  this,  it  is  essential  that  a  uniform  system  be 
adopted;  and  I  have  hence  felt  the  necessity  of  strictly  conforming 
to  the  method  introduced  Ky  Berzelius  and  adopted  on  the  Continent. 
The  tables  which  haye  been  given  in  the  sections  of  the  second  and 
third  parts,  with  the  primary  yiewof  showing  analogies  of  chemical 
constitution,  will  serve  the  useful  secondary  purpose  of  supplying  a 
guide  to  the  employment  of  symbols.  By  left^rence  to  them,  the  stu- 
dent will  see  the  meaning  of  any  symbols  he  may  meet  with  in  the  text 
The  large  number  of  compounds  which  have  gradually  accumulated, 
possessing  the  aspect  and  general  characters  of  salts,  and  yet  not 
composed  of  acids  and'alkslies  in  the  general  acceptation  of  these 
terms,  have  been  arranged  as  separate  orders  of  a  large  class  of  saline 
substances,  which  are  inseparably^ allied  by  analogy  of  composition. 
But  in  associating  substances  naturally- connected,  I  have  abstained 
from  violating  any  established  usages  in  terminology.  Changes  in  che^ 
mical  nomenclature  should  be  attempted  rather  by  a  community  of 
chemists  than  by  an  individual ;  and  if  the  labours  of  the  Committee 
which  the  British  Association  has  appointed  for  promoting  uniformity 
in  the  use  of  symbols,  shall  be  attended  with  thM  success  which  its 
proposer  anticipates,  a  like  task  in  reference  to  chemical  noroencls. 
ture  may  well  be  imposed  on  the  same  Committee.  For  the  greater 
part  of  our  knowledge  of  the  compounds  here  referred  to,  we  are  in- 
debted to  BerzeliuS)  and  the  principal  facts  concerning  them  are  drawn 
from  his  writings. 

Owing  to  the  activity  displayed  in  organic  analysis  by  several  Con- 
tinental chemists,  especially  by  Llebig  and  Dumas,  the  necessary 
additions  and  changes  in  the  Third  Part  have  been  very  considerable. 
I  am  conscious  that  the  arrangement  of  organic  substances  stands  in 
need  of  revision  ;  but  it  is  easy  to  trace  defects  in  any  given  arrange- 
ment on  such  a  subject,  and  very  difficult  to  fix  on  one  which  shall 
not  be  liable  to  equal  objection.  Considering  facility  of  consultation 
of  far  more  importance  to  the  reader  than  critical  propriety  of  classi- 
fication, I  have  thought  it  right  for  the  present  to  describe  organic 
compounds  nearly  in  the  same  order  as  in  former  editions. 

lathe  Appendix  will  be  found  an  interesting  communication,  kindly 
sent  me  by  Mr.  Graham,  on  the  nature  of  certain  hydrated  salts  and 
peroxides,  and  on  phosphuretted  hydrogen.  It  likewise  contains  other 
notices  which  either  reached  me  too  late  for  insertion  in  the  body 
of  the  work,  or  were  accidentally  omitted. 

I  have  again  to  express  my  thanks  to  Dt,  Franklin  Bache,  Editor 
of  the  American  edition,  fot  several  valuable  suggestions. 
London,  Nov.  1,  1834. 


ADVERTISEMENT^ 

OF 

THE  AMERICAN  EDITOR. 


Ix  soperiot^ndiDg  a  new  impresBion  of  Dr.  Turner's  Elements  from 
tbe  fiAh  London  edition,  the  American  Editor  has  restricted  himsf^lf, 
as  on  former  occasions,  to  the  dutyof  revising  the  text  and  supplying 
a  few  notes.  His  task,  however,  has  been  much  increased,  in  conse- 
ijuence  of  the  large  nomber  and  peculiar  nature  of  the  additions  made 
by  the  author.  In  these^  numerous  errors  have  been  detected,  espe- 
cialiy  in  the  Chemical  tables,  the  inaccuracy  of  which  has  probably 
arisen  from  the  difficulty  of  printing  correctly  a  series  of  numbers  from 
manuscript.  From  the  pains  which  have  been  taken  in  revising  the 
press,  it  is  believed  that  the  American  edition  will  be  found  much 
more  correct  than  the  London  work ;  while  its  convenient  size  will 
enable  it  to  maintain  its  place,  as  the  most  popular  manual  of  Chemis- 
try that  has  yet  been  published  in  this  country. 

PBILADEtJ>HIA,  Oct  18d& 
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INTRODUCTION. 


Matkuai.  subaUnoes  are  endowed  with  two  kinda  of  properties,  physical 
and  chemical;  and  the  study  of  tho  phenomena  occasioned  by  them  has  given 
rise  to  two  correspaoding  branches  of  knowledge.  Natural  PhUoao^  and 
Ckewtt9iry, 

The  phvsical  properties  are  cither  general  or  secondary.  The  general 
are  so  called  because  they  are  common  to  all  bodies ;  the  secondary,  from 
betn£  otservable  in  some  substances  only.  Among  the  general  may  be  enu- 
merated extension,  impenetrability,  mobility,  eztieme  divisibility,  gravitation« 
porosity,  and  indestructibility. 

ExientUm  is  the  property  of  occupying  a  certain  portion  of  space:  a  sub- 
stance is  said  to  be  extended  when  it  possesses  length,  breadth,  and  thick- 
ness. By  impenetrabiiity  is  meant  that  no  two  portions  of  matter  can  occu- 
py the  same  space  at  the  same  moment  Everything  that  possesses  exten- 
sion and  impenetrabitity  is  matter. 

_  Matter,  though  susceptible  of  rest  and  motion,  has  no  inherent  power 
either  of  beginning  to  move  when  at  rest,  or  of  arresting  its  progress  when 
in  motion,  its  indifference  to  either  state  has  been  expressed  by  the  term 
vis  sncrtitf,  as  if  it  depended  on  some  peculiar  force  resident  in  matter ;  but 
it  arises,  rather,  from  matter  being  absolutely  passive,  and  thereby  subject  to 
the  inflnence  of  every  fi>rce  which  is  capable  of  acting  upon  it 

Matter  is  divisible  to  an  extreme  degree  of  minuteness.  A  grain  of  ffold  may 
be  so  extended  by  hammering  that  it  will  cover  50  square  inches  of  sur&ce* 
and  oootain  two  millions  of  visible  points  f  and  the  gold  which  covers  the 
silver  wire,  used  in  making  gold  laoe,  is  spread  over  a  surface  twelve  times  as 
great  (Nicfaobon*s  Introduction  to  Natural  Philosophy,  vol.  i.)  A  grain 
«f  iron,  dissolved  in  nitro-murialic  acid,  and  mixed  with  3137  pints  of  water, 
will  be  diffused  through  tho  whole  mass:  by  means  of  the  ferrcMsyanuret  of 
potassium,  which  strikes  a  uniform  blue  tint,  some  portion  of  iron  may  be 
detected  in  every  part  of  the  liquid.  This  experiment  proves  the  grain  of 
inn  to  have  been  divided  into  rather  more  than  24  millions  of  parts ;  and  if 
the  same  quantity  of  iron  were  still  further  diluted,  its  diffusion  through  the 
whole  liquid  might  be  proved  by  concentrating  any  portion  of  it  by  evapora- 
tion, and  detecting  the  metal  by  its  appropriate  tests. 

A  keen  controversy  existed  at  one  time  concerning  the  divisibility  of 
matter ;  some  philosophers  affirming  it  to  be  infinitely  divisible,  while  others 
maintained  an  opposite  opinion.  Owing  to  the  imperfection  of  our  senses 
the  question  cannot  be  determined  by  direct  experiment;  because  matter  cer- 
tainJy  continuea  to  bo  divisible  long  aAer  it  hss  ceased  to  be  an  object  of 
sense.  The  decision,  if  effected  at  ^  can  only  be  accomplished  indirectly, 
as  an  inference  from  other  phenomena.  In  favour  of  the  former  view  it  was 
urged,  on  mathematical  grounds,  that  a  surface  admits  of  division  without 
limit;  and  that  to  whatever  degree  matter  is  divided,  it  may  still  be  con- 
oeived,  in  poaseesing  extension  and  surface,  to  be  susceptible  of  still  further 
Avisioo.  Plausible,  however,  as  this  mode  of  reasoning  may  appear,  the 
opposite  opinioo  is  daily  becoming  more  general.  It  is  now  commonly  be- 
lieved that  matter  oouuto  of  ultimate  parUoles  or  molecules,  which  may  in- 
deed be  OQOcehed  to  be  divisible,  but  which  by  bypothcsU  are  assumed  to 
be  iaffaiitaly  haid  and  impenetrable,  and  on  that  acooont  to  be  incapable  of 
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division.  These  ultimate  particles  have  receiTcd  the  appellation  of  alemf, 
(from  the  privative  a  and  rf/uvi/r  to  cut,)  as  expressive  of  their  nature.  The 
arguments  adduced  in  support  of  this  opinion  are  principally  drawn  from 
the  phenomena  of  chemistry,  and  from  the  relations  which  have  been  ob- 
served to  exist  between  the  composition  and  form  of  crystallized  bodies. 
These  subjects  will  be  considered  in  their  proper  place ;  but  I  may  observe, 
in  order  to  show  the  nature  of  the  ar^roent,  that  the  supposed  existence  of 
atoms  accounts  for  numerous  facts,  which  cannot  be  satisfactorily  explained 
oo  any  other  principle. 

All  bodies  descend  in  straight  lines  towards  the  centre  of  the  earth,  when 
left  at  liberty  at  a  distance  from  its  surface.  The  power  which  produces 
this  effect  is  termed  gravity,  attraction  of  gravitation,  or  terrestrial  attrac- 
tion ;  and  the  force  required  to  separate  a  body  from  the  surface  of  the  earth, 
or  prevent  it  from  descending  townrds  it,  is  called  its  weight.  Every  particle 
of  matter  is  equally  affected  by  gravity ;  and,  therefore,  the  weight  of  an^ 
body  will  be  proportionate  to  the  number  of  ponderable  particles  which  it 
contains. 

TTie  minute  particles  of  which  bodies  consist,  arc  disposed  in  such  a  man- 
ner as  to  leave  certain  intervals  or  spaces  between  them,  and  this  arrange- 
ment is  called  poro§ity.  These  interstices  may  sometimes  be  seen  by  the 
naked  eye,  and  frequently  by  the  oid  of  glasses ;  but  were  they  wholly  in- 
visible, It  would  still  be  certain  that  they  exist.  All  substances,  even  the 
most  compact,  mny  be  diminished  in  bulk  either  by  mechanical  force  or  a 
reduction  of  temperature.  It  hence  follows  that  their  particles  most  toiKh 
each  other  at  a  very  few  points  only,  if  at  all ;  for  if  their  contact  were  so 
•perfect  as  to  leave  no  interstitial  spaces,  then  would  it  be  impossible  to 
diminish  the  dimensions  of  a  body,  because  matter  is  incompressible  and 
cannot  yield.  When,  therefore,  a  body  expands,  the  distance  between  its  par- 
ticles is  increased  ;  and,  conversely,  when  it  contracts  or  diminishes  in  sjnee, 
its  particles  approach  each  other. 

By  indestructihility  is  meant,  that,  according  to  the  present  ]aw3  of  na- 
ture, matter  never  ceases  to  exist.  This  statement  seems  at  first  view  con- 
trary to  fact  Water  and  volatile  substances  are  dissipated  by  heat,  and  lost ; 
coals  and  wood  are  consumed  in  the  fire,  and  disappear.  But  in  these  and 
all  similar  phenomena  not  a  particle  of  matter  is  annihilated.  The  apparent 
destruction  is  owinr  merely  to  a  change  of  form  or  composition ;  for  the 
same  material  particles,  ailer  having  undergone  any  number  of  such  changes, 
may  still  be  proved  to  possess  the  characlerislic  properties  of  matter. 

The  secondary  properties  of  matter  arc  opacity,  transparency,  soflness, 
hardness,  elasticity,  colour,  density,  solidity,  flaiditv,  and  others  of  a  like 
nature.  Several  of  these  properties,  especially  those  last  specified,  depend  on 
the  relative  intensity  of  two  opposite  foroe9---cohesion  and  repulsion.  It  is 
inferred,  from  the  divisibility  of  matter,  that  the  substance  of  solids  and 
liquids  is  made  up  of  an  infinity  of  minute  particles  adhering  together  so  as 
to  constitute  larger  masses ;  and  that  the  mutual  adhesion  of  these  particles 
is  owing  to  a  power  of  reciprocal  attraction.  This  force  is  called  cohesiony 
cohesive  attraction,  or  the  attraction  of  aggregation,  in  order  to  distinguish  it 
from  terrestrial  attraction.  Gravity  is  exerted  between  different  masses  of  mat- 
ter, and  acts  at  sensible  and  frequently  at  very  ^reat  distances ;  while  cohesion 
exerts  its  influence  only  at  insensible  and  infinitely  small  distances.  It  enables 
similar  molecules  to  cohere,  and  tends  to  keep  them  in  that  condition.  It  is 
best  exemplified  by  the  force  required  to  separate  a  hard  body,  such  as  iron  or 
marble,  into  smaller  fragments ;  or  by  the  weight  which  twine  or  metallic 
vnre  will  support  without  breaking. 

The  tendency  of  cohesion  is  manifestly  to  bring  the  uHimale  particles  of 
bodies  into  immedbte  contact ;  and  such  would  be  the  result  of  its  influence, 
were  it  not  countera^ed  hj  an  opposing  force,  a  principle  of  repulsion,  which 
prevents  their  approximation.  It  is  a  general  opinion  among  philosophers, 
supported  by  very  strong  frets,  that  this  repulsion  is  owin?  to  the  ajnency  of 
heat,  which  is  somehow  attached  to  the  elementary  ndecules  of  matter. 
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caimn^  tliem  to  repel  one  another.  Material  substances  arc,  therefore,  subject 
Co  the  action  of  two  contrary  and  antagonizing  forces,  one  tending  to  sepa- 
rate thor  portides,  the  other  to  bring  them  into  closer  proximity.*  The 
form  of  bodies,  as  to  solidity  and  fluidity,  is  determined  by  the  relative  in- 
tensity of  these  powers.  Cohesion  predominates  in  solids,  in  consequence 
of  which  their  particles  are  prevented  from  moving  freely  on  one  another. 
The  particles  of  a  fluid,  on  the  contrary,  are  far  less  influenced  by  cohesion, 
being  free  to  move  on  each  other  with  very  slight  friction.  Imids  are  of 
two  kinds;  elastic  fluids  or  a§rifbrm  substances,  and  inelastic  fluids  or 
liquids.  Cohesion  seems  wholly  wanting  in  the  former ;  tliey  yield  readily 
to  compression,  and  expand  when  the  pressure  is  removed ;  indeed,  the  space 
they  occupy  b  chiefly  determined  by  the  force  which  compresses  them.  The 
latter,  on  the  contrary,  do  not  yield  perceptibly  to  ordinary  degrees  of  com- 
pression, nor  does  an  appreciable  dilatation  ensue  from  the  removal  of  pres- 
sure, the  tendency  of  repulsion  being  in  them  counterbalanced  by  cohesion. 

Matter  is  subject  to  another  kind  of  attraction  different  from  those  yet 
mentioned,  terined  ekemieal  attraction  or  qfinUy.  Like  cohesion,  it  acts 
only  at  insensible  distances,  and  thus  differs  entirely  from  gravity.  It  is  dis- 
tinguished from  cohesion  by  being  exerted  between  dissimilar  particles  only, 
while  the  attraction  of  cohesion  unites  similar  particles.  Thus,  a  piece  of 
marUe  is  an  aggregate  of  smaller  portions  attached  to  each  other  by  cohe- 
non,  and  the  parts  so  attached  are  called  integrant  particles ;  each  of  which, 
however  minute,  being  as  perfect  marble  as  the  mass  itself  But  the  inte- 
grant  particles  consist  of  two  substances,  lime  and  carbonic  acid,  which  are 
oiiTerent  from  one  another  as  well  as  from  marble,  and  are  united  by  chemi- 
cal  attraction.  They  are  the  component  or  constituent  parts  of  marble.  The 
integrant  particles  of  a  body  are,  therefore,  aggregated  together  by  cohesion; 
die  component  parts  are  united  by  affinity. 

The  chemical  properties  of  bodies  are  owing  to  aflinity,  and  every  chemi- 
cal phenomencm  is  produced  by  the  operation  of  this  principle.  Though  it 
CJOends  its  influence  over  all  substances,  yet  it  affects  them  in  very  di£> 
faent  degrees,  and  is  subject  to  peculiar  modifications.  Of  three  bodies,  A, 
B,  and  C,  it  is  often  found  that  B  and  C  evince  no  affinity  for  one  another, 
and,  therefore,  do  not  combine;  that  A,  on  the  contrary, has  an  affinity  for 
B  and  Q  and  can  enter  into  separate  combination  with  each  of  them ;  but 
that  A  has  a  greater  attraction  for  C  than  for  B,  so  that  if  we  bring  C  in 
contact  with  a  compound  of  A  and  B,  A  will  quit  B  and  unite  by  preference 
with  C.  The  union  of  two  substances  is  called  eonUnnation  ;  and  its  result 
is  the  formation  of  a  new  body  endowed  with  properties  peculiar  to  itself, 
and  diflerent  from  those  of  its  constituents.  The  change  is  frequently  at- 
tended by  the  destruction  of  a  previously  existing  compound,  and  in  that 
case  decompoMitum  is  said  to  be  effected. 

The  operation  of  chemical  attraction,  as  thus  explained,  lays  open  a  wide 
and  interesting  field  of  inquiry.  One  may  study,  for  example,  the  affinity  exist- 
ing between  diffisrent  substances;  an  attempt  maybe  made  to  discover  thepro- 
pmtion  in  which  they  unite ;  and  finally,  afler  collecting  and  arranging  an 
extensive  aeries  of  insulated  facts,  general  conclusions  may  be  deduced  from 
them.  Hence  chemistry  may  be  defined  the  science,  the  object  of  which  is 
Id  examine  the  relations  that  affinity  establishes  between  bodies,  ascertain 
with  precision  the  nature  and  constitution  of  the  compounds  it  produces,  and 
determine  the  laws  by  which  its  action  is  regulated. 

*  It  should  he  home  in  mind,  however,  that  the  force  which  tends  to  bring 
the  efementary  molecules  into  closer  proximity,  is  derived  from  an  innate 
property  imponderable  matter;  while  tne  force  which  tends  to  separate  them 
M  (fependent  on  the  operation  of  a  distinct  principle,  caloric,  whose  particles, 
bong  adf-repdlent,  force  the  ponderable  particles  apart  In  order  to  explain 
iriiy  the  caloric  remains  attacned  to  the  ponderable  molecules,  it  is  necessary 
In  aiippoae  that  its  particles,  though  8elf-repellent,have  an  attraction  for  pon- 
dermble  matter.    E^ 


4  IRTRODVCTIOK. 

Material  substances  are  divided  by  the  chemist  into  simple  and  compound. 
He  regards  those  bodies  as  compound,  which  may  be  resolved  into  two  or 
more  parts ;  and  those  as  simple  or  elementary,  which  contain  but  one  kind 
of  ponderable  matter.  The  number  of  the  latter  amounts  only  to  fifly.four; 
and  of  these  all  the  bodies  in  the  earth,  as  far  as  our  knowledge  eiitends,  aro 
composed.  The  list,  a  few  years  ago,  was  somewhat  different  from  what  it 
is  at  present ;  for  the  acquisition  ot  improved  methods  of  analysis  has  ena^ 
bled  chemists  to  demonstrate  that  substances,  which  were  once  supposed  to 
be  simple,  are  in  reality  compound ;  and  it  is  probable  that  a  similar  fate 
awaits  some  of  those  which  are  at  present  regarded  as  simple. 

The  composition  of  a  body  may  be  determined  in  two  ways,  analytically 
or  synthetically.  By  the  former  method  the  elements  of  a  compound  are  se- 
parated from  one  another,  as  when  water  is  resolved  by  the  agency  of  gal- 
vanism into  oxygen  and  hydrogen  ;  by  synthesis  they  arc  made  to  combmc, 
as  when  oxygen  and  hydrogen  unite  by  the  electric  spark,  and  generate  a 
portion  of  water.  Each  or  these  kinds  of  proof  is  satisfactory ;  but  when 
they  ore  conjoined — when  we  first  resolve  a  particle  of  water  into  its  ele- 
ments, and  then  reproduce  it  by  causing  them  to  unite — the  evidence  is  in 
the  highest  degree  conclusive. 

I  have  followed,  in  tlie  composition  of  tiiis  treatise,  the  same  general  ar- 
rangement which  I  adopt  in  my  lectures.  It  is  divided  into  four  principal 
parts.  The  first  comprehends  an  account  of  the  nature  and  properties  of 
Heaty  ZA^ht,  and  Electricity^ — agents  so  diffusive  and  subtile,  that  the  com- 
mon attributes  of  matter  cannot  oe  perceived  in  them.  They  are  altogether 
destitute  of  weight ;  at  least,  if  they  possess  any,  it  cannot  bo  discovered  by 
our  most  delicate  Ixilances,  and  hence  they  have  received  the  appellation  of 
hnponderahles.  They  cannot  be  confined  and  exhibited  in  a  mass  like  ordi- 
nary bodies;  they  can  be  collected  only  through  the  intervention  of  other 
substances.  Their  title  to  be  considered  material  is,  therefore,  questionable, 
and  the  effects  produced  by  them  have  accordingly  been  attributed  by  some 
to  certain  motions  or  affections  of  common  matter.  It  must  be  admitted, 
however,  that  they  appear  to  be  subject  to  the  same  powers  that  act  on  mat- 
ter in  general,  and  that  some  of  tlie  laws  which  have  been  determined  con- 
cerning them,  are  exactly  such  as  might  have  been  anticipated  on  the  sup- 
position of  their  materiality.  'It  hence  follows,  that  we  need  only  regard 
them  as  subtile  species  of  matter,  in  order  that  the  phenomena  to  which 
they  give  rise  may  be  explained  in  the  language,  and  aecording.to  the  prin- 
ciples, which  arc  applied  to  material  sul^tances  in  general ;  and  I  shaU^ 
therefbre,  consider  them  as  such  in  my  subsequent  remarks. 

The  second  part  comprises  Inorganic  Chemistry.  It  includes  the  doctrine 
of  affinity,  and  the  laws  of  combination,  together  with  the  chemical  history 
of  all  the  elementary  principles  hitherto  discovered,  and  of  those  compound 
bodies  which  are  not  the  product  of  organization.  Elementary  bodies  are 
divided  into  the  non-metallic  and  metallic;  and  the  substances  contained  in 
each  division  are  treated  in  the  order  which,  it  is  conceived,  will  be  most 
convenient  for  the  purposes  of  teaching.  From  the  important  part  wliich 
oxjrgen  plays  in  the  economy  of  nature,  it  is  necessary  to  begin  with  the  de- 
scription of  that  principle  ;  and  from  the  tendency  it  has  to  unite  with  other 
bodies,  as  well  as  the  importance  of  the  compounds  it  forms  with  tliem,  it 
will  be  useful,  in  studying  the  history  of  each  elementary  body,  to  describe 
the  combinations  into  which  it  enters  with  oxygen  gas.  The  remaining 
compounds  which  tlie  non-mctallic  substances  form  with  each  other,  wiu 
next  be  considered.  The  description  of  the  individual  metals  will  be  accom- 
panied by  a  history  of  their  combinations,  6rst  with  the  tiimple  non-metallic 
bodies,  and  afterwards  with  each  other.  The  last  division  of  this  part  will 
comprise  a  history  of  Ihd  salts. 

The  third  general  division  of  the  work  is  Organic  Chemiairy^  a  subject 
which  will  be  conveniently  discussed  under  two  heads,  the  one  comprehend- 
ingthe  products  of  vegetable,  the  other  of  animal  life. 

The  foui-tli  part  contains  brief  directions  for  the  performance  of  Awdyw. 
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PART  I. 

IMPOJ>n)ERABLE  SUBSTANCE& 


SECTION  I. 
HEAT,  OR  CALORIC. 

Tbc  term  Heat,  in  common  language,  has  two  meanings:  in  the  one  case, 
it  imfilies  the  sensation  experienced  on  teaching  a  hot  b«]y;  in  the  other,  it 
expresses  the  canse  of  that  sensation.  When  ased  in  the  latter  sense,  it  is 
synon^moQs  with  the  word  Cahrit^  (from  Color,  heat,)  which  Ib  employed 
ezdosiTelj  to  signify  the  cause  or  agent  by  which  all  ihe  effects  of  heat  are 
prodoced. 

Heat,  on  the  supposition  of  its  being  material,  is  a  subtile  fluid,  the  parti- 
cles of  which  repel  each  other,  and  are  attracted  by  all  other  substances.  It 
is  imponderable :  that  is,  it  is  so  exceedingly  light,  that  a  body  undergoes  no 
appreciable  chan^  of  weight,  either  by  Uie  addition  or  abstraction  of  heat. 
It  is  present  in  aU  bodies,  and  cannot  be  wholly  separated  from  them.  For 
if  a  substance,  however  cold,  be  transferred  into  an  atmosphere  which  is 
sdll  colder,  a  thermometer  placed  in  the  body  will  indicate  the  escape  of 
heat.  That  its  particles  repel  one  another,  is  proved  by  observing  that  it 
flies  off  from  a  heated  body ;  and  that  it  i<s  attracted  by  other  substances,  is 
inferred  from  the  tendency  it  has  to  penetrate  their  particles,  and  to  be  re- 
tained by  them. 

H<sat  may  be  transferred  from  one  body  to  another.  Thus,  if  a  cup  of 
mercury  at  60^  be  plunged  into  hot  water,  neat  passes  rapidly  from  one  into 
the  other,  until  the  temperature  in  both  ip  the  same ;  that  is,  till  a  thermo- 
meter placed  in  each  stands  at  the  same  height  All  bodies  on  the  earth  are 
constantly  tending  to  attain  an  equality,  or  what  is  technically  called  an 
e^Uibrium,  of  temperature.  If,  for  example,  a  number  of  substances  of 
ihfrcrcnt  temperature  be  enclosed  in  an  apartment,  in  which  there  is  no  ac- 
toal  aoiirce  of  heat,  they  will  very  soon  acquire  an  equilibrium,  so  that  a 
thuruMfiueter  will  stand  at  the  same  point  in  all  of  them.  The  varying 
aensations  of  heat  and  cold,  which  we  experience,  are  owins;  to  a  like  cause. 
On  Umdung  a  hot  body,  heat  passes  from  it  into  the  hand,  and  excites  the 
Ibeltng'  of  warmth ;  when  we  touch  a  cold  bodv,  heat  b  communicated  to  it 
from  Um  hand,  and  thos  arises  the  sensation  or  cold. 

Am  this  transf^  of  heat  is  constantly  going  forward,  it  b  important  to 
determine  by  what  means,  and  according  to  what  laws,  the  equihbnum  is 
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esUblished.  Now,  H  is  found  that  beat  is  oommunicated  from  a  hot  body 
to  others  which  arc  colder  in  two  ways,  by  direct  eontaeif  and  by  what  is 
called  radiation.  By  direct  contact,  when  the  hot  body  touches  a  cold  one, 
so  that  the  heat  may  pass  directly  from  one  into  the  other ;  as  when  a  bar 
of  iron  is  put  into  a  fire,  or  the  hand  plunged  into  hot  water.  By  radiation^ 
when  the  heat  leaps  as  it  were  from  a  hot  to  a  cold  body  through  an  appre- 
ciable  interval;  as  when  a  red-hot  ball,  suspended  in  the  vacuum  of  an  air- 
pump,  distributes  its  heat  to  surrounding  objects,  or  as  when  we  are  warmed 
by  standing  at  some  distance  before  a  fire.  In  studying  these-  phenomena 
we  must  regard  both  the  loss  of  heat  in  the  hot  body,  and  the  gain  of  heat 
in  the  cold  one.  The  mode  in  which  a  hot  body  cools  is,  firstly,  by  giving 
oflf  heat  from  its  surface  cither  by  contact  or  radiation,  or  both  conjointly; 
and,  secondly,  by  tlie  heat  in  its  mterior  passing  from  particle  to  particle 
through  its  substance  to  its  surface.  The  heating  of  a  cold  body  is  efiected, 
firstly,  by  heat  passing  into  its  surface  either  by  contact  or  radiation,  or  by 
botli  conjointly ;  and,  secondly,  by  the  heat  at  its  surface  passing  from  par. 
tide  to  particle  through  its  interior  portions.  Hence,  in  tracing  the  laws 
which  regulate  the  distribution  of  beat,  wc  shall  successively  consider  the 
communication  of  heat  from  one  body  to  another  by  contact,  its  passage 
from  particle  to  particle  of  tlie  same  substance  or  the  conductien  of  heat, 
and  its  transfer  from  a  sensible  distance  or  radiation. 

COMMUNICATION  OF  HEAT  BY  CONTACT. 

The  principal  conditions  which  influence  the  communication  of  beat  from 
one  body  to  another  by  contact,  are  the  degree  of  contiguity  and  the  con- 
ducting  power  of  the  substances.  The  more  perfect  the  approximation,  the 
more  rapid,  aeteris  paribu9,  is  the  transfer.  The  contact  of  two  solids,  or  of 
a  solid  with  a  gas,  is  in  general  of  a  less  perfect  kind,  and  at  fewer  points, 
than  that  between  a  solid  and  a  liquid;  and  hence,  so  far  as  contact  alone  is 
concerned,  the  transfer  is  more  rapid  in  the  latter  case  than  in  the  former. 
It  is  still  more  rapid  when  liquids  arc  mixed  with  each  other,  or  gases  with 
gases,  owing  to  the  intermixture  of  their  particles.  When  bodies  touch 
each  other  at  their  surfaces  only,  the  question  becomes  one  of  conduction, 
the  rapidity  of  transfer  depending  on  the  velocity  with  which  heat  passes 
through  the  substances  in  contact.  Thus,  if  a  hot  mass  of  iron  and  another 
of  marble,  of  equal  size,  form,  and  temperature,  be  plunged  into  equal  quan- 
tilies  of  cold  water,  the  iron  will  cool  faster  than  the  marble,  because  heat 
passes  more  rapidly  through  the  substance  of  the  former  than  through  that 
of  the  latter.  Were  two  pieces  of  hot  iron  similarly  plunged,  one  into  mer- 
cury and  the  other  into  water,  the  piece  in  contact  with  mercury  would  cool 
most  rapidly,  because  that  metal  is  a  better  conductor  than  water.  Were 
the  experiment  made  by  immersing  the  iron  in  mercury  and  the  marble  in 
water,  the  rapidity  of  cooling  in  the  former  would  very  much  exceed  that  in 
the  latter,  from  two  causes ; — both  from  heat  passing  moro  rapidly  throuffh 
iron  than  through  marble,  and  from  its  being  conveyed  away  more  rapidly 
by  mercury  tlian  by  water.  The  same  principle  explains  tlie  unequal  sen- 
sation caused  by  bodies  of  equal  temperature.  Thus  the  hand  receives  a 
moro  vivid  impression  of  warmth  by  touching  hot  iron  than  from  glass  of 
the  same  temperature ;  because  the  quantity  of  heat  which  in  a  given  time 
can  be  brought  firom  the  interior  to  the  surface  of  the  hot  body,  so  as  to  pass 
into  the  skin,  is  much  greater  in  iron  than  in  glass.  In  like  manner,  cold 
iron  feels  colder  than  glass  of  the  same  temperature ;  because  the  former 
conveys  away  from  tlie  skin  more  heat  in  a  given  time  than  the  glass. 

CONDUCTION  OF  HEAT. 

By  this  term  is  expressed  the  passage  of  heat  from  particle  to  particle 
through  the  substance  of  bodies.  Heat  is  said  to  be  oonducted  by  them,  or 
to  pass  by  conduction,  and  the  property  on  which  its  traotmission  depends 
is  termed  cimducting  power. 


HSAT.  7 

Heat  obvioqBly  pMWi  tbroosli  bodi«s  with  difierent  degrees  of  velocity. 
Some  Babstaneee  oppose  very  little  iropediment  to  its  pissage,  while  it  is 
tnasmitted  slowly  by  others.  Daily  experience  teaches  that  though  we 
eamiot  leaTo  one  end  of  a  tod  of  iron  for  some  time  in  the  fire,  and  then 
touch  its  other  extremity,  without  danger  of  being  burned ;  yet  this  msy  be 
done  with  perfect  safety  with  a  rod  of  glass  or  of  wood.  The  heat  wiU 
speedily  traverse  the  iron  bar,  so  that^  at  3ie  distance  of  a  foot  from  the  fire, 
it  is  ifflpossibk  to  support  its  heat ;  while  we  may  hold  a  piece  of  red-hot 
glass  two  or  three  inches  from  its  extremity,  or  keep  a  piece  of  burning 
charcoal  in  the  hand,  though  the  part  in  combustion  be  only  a  few  lines  rs- 
moted  fitMD  the  skin.  The  obeervation  of  these  and  similar  facts  has  led 
to  the  division  of  bodies  into  eonduetors  and  naU'^onductort  of  heat  7^ 
femier  divisioii,  of  course,  includes  those  bodies,  such  as  the  metals,  which 
alhiw  beat  to  pass  freely  through  their  substance;  and  the  latter  comprises 
those  wluch  dk>  not  give  an  easy  passage  to  it,  such  as  stones,  glass,  wood, 
and  charcoaL 

Various  methods  have  been  adopted  for  determining  the  relative  conduct, 
ing  power  of  difierent  substances.  The  mode  devis^  by  Ingenbouz*  was 
to  cover  small  rods  of  the  same  form,  size,  and  length,  but  of  different  mate- 
rials,  with  a  layer  of  wax,  to  plunge  their  extremities'  into  heated  oil,  and 
note  to  what  distance  the  wax  was  melted  on  each  during  the  same  inter. 
vaL  Tlie  metals  were  found,  by  this  method,  to  conduct  heat  better  than 
any  other  substances;  and  of  tlie  metals,  silver  is  the  best  conductor;  gold 
comes  next;  then  tin  and  copper,  which  are  nearly  equal;  then  platinum, 
iron,  and  lead. 

Some  experiments  have  lately  been  made  by  M.  Desprelz,  apparently 
with  great  care,  on  the  relative  conducting  power  of  the  metals  and  some 
other  substances,  and  the  results  are  contained  in  the  following  table.  (An. 
de  Ch.  et  de  Ph.  xxxvi.  422.) 


Gold 

1000 

Tin 

303.9 

Silver       . 

973 

licad      - 

1796 

Copper     - 

8985 

Marble  - 

23.6 

Platinum 

381 

Porcelain 

12.2 

Iron 

374.3 

Fine  clay 

11.4 

Zinc 

363 

The  substances  employed  for  these  experiments  were  made  into  prisms  of 
the  same  form  and  size.  To  one  extremity  a  constant  source  of  heat  was 
applied,  and  tlic  passage  of  heat  along  tlic  bar  was  estimated  by  small  ther- 
mometers placed  at  regular  distances,  with  tlicir  bulbs  fixed  in  the  substance 
of  the  prism. 

An  ingenious  plan  was  adopted  by  Count  Rumford  (Phil.  Trans.  1792,) 
for  ascertaining  the  relative  conductins^  power  of  the  different  materials  em- 
ployed for  clothing.  He  enveloped  a  thermometer  in  a  glass  cylinder  blown 
into  a  ball  at  its  extremity,  and  filled  the  interstices  with  the  substance  to 
be  examined.  Having  heated  the  apparatus  to  the  same  temperature  in 
every  instance  by  immersion  in  boiling  water,  he  transferred  it  into  melting 
ice,  and  observed  carefully  the  number  of  seconds  which  elapsed  during  the 
passage  of  the  thermometer  throosrh  135  degrees.  When  there  was  air  be- 
tvcen  the  thermometer  and  cylinder,  the  cooling  took  place  in  576  seconds; 
when  the  interstices  were  fiUcd  with  fine  lint,  it  took  place  in  1032" ;  with 
cotton  wool  in  1046";  with  sheep's  wool  in  1118";  with  raw  silk  in  1284"; 
with  beaver*s  fur  in  1296";  with  eider  down  in  1805";  and  with  hare's  fur 
in  1315."  The  general  practice  of  mankind  is,  therefore,  fully  justified  by 
experiment.  In  winter  we  retain  the  animal  heat  as  much  as  possible 
by  covering  the  body  with  bad  conductors,  such  as  silk  or  woollen 
aHuSk ;  and  m  summer  cotton  or  linen  articles  are  employed  with  an  opposite 
intention. 
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The  conducting  power  of  Bolid  bodiet  does  not  B6em  to  be  related  to  any 
of  the  other  properties  of  matter;  but  it  approaches  nearer  to  the  ratio  of 
their  densities  than  to  that  of  any  other  property.  Count  Rumford  found  a 
considerable  d^erence  in  the  oondacting  power  even  of  the  same  material, 
according  u>  the  state  in  which  it  was  employed.  His  observations  seem  to 
warrant  the  conclusion,  that  in  the  same  substance  the  conducting  power 
increases  with  the  compactness  of  structure. 

Liquids  may  be  said,  in  one  sense  of  the  word,  to  have  the  power  of  con- 
veying heat  with  great  rapidity,  though  in  reality  they  are  very  imperfect 
conductors.  Tliis  peculiarity  is  owing  to  the  joint  influence  of  two  circum- 
stances, — ^the  mobility  which  subsists  among  the  particles  of  all  fluids,  and 
the  change  of  sixe  or  volume  invariably  produced  by  a  change  of  temperature. 
When  any  particles  of  a  liquid  are  heated,  they  expand,  Siereby  becoming 
specifically  lighter  than  those  which  have  not  received  an  increase  of  tem- 
perature ;  and  if  the  former  happen  to  be  covered  by  a  stratum  of  the  latter, 
these  from  their  greater  density  will  descend,  while  the  warmer  and  lighter 
particles  will  be  pressed  upwards.  It,  therefore,  follows  that  if  beat  enter  at 
the  bottom  of  a  vessel  containing  a  Uquid,  a  double  set  of  currents  must  be 
immediately  established,  the  one  of  hot  particles  rising  towards  the  surfitce, 
and  the  other  of  colder  particles  descending  to  the  bottom.  Now  these  cur- 
rents  take  place  with  such  rapidity,  that  if  a  thermometer  be  placed  at  tlie 
bottom,  and  another  at  the  top  of  a  long  jar,  the  fire  being  applied  below,  the 
upper  one  will  begin  to  rise  almost  as  soon  as  the  lower.  Hence,  under  ccr. 
tain  circumstances,  heat  is  communicated  or  rather  carried  through  liquids 
with  rapidity. 

But  if,  instead  of  boating  the  bottom  of  the  jar,  the  heat  enter  by  the  upper 
surface,  very  different  phenomena  will  be  observed.  The  intestine  move* 
ments  cannot  then  be  formed,  because  the  heated  particles,  from  being  lighter 
than  those  below  them,  remain  constantly  at  the  top ;  the  heat  can  descend 
through  the  fluid  only  by  transmission  from  particle  to  particle,  a  process 
which  takes  place  so  very  tardily,  as  to  have  induced  Count  Romford  to  deny 
that  water  can  conduct  at  alL  In  this,  however,  ho  was  mistaken ;  for  the 
opposite  opinion  has  been  successfully  supported  by  Dr.  Hope,  Dr.  Thomson, 
and  the  late  Dr.  Murray,  though  they  all  admit  that  water,  and  liquids  in 
general,  mercury  excepted,  possess  the  power  of  conducting  heat  in  a  very 
slight  degree. 

It  is  extremely  difficult  to  estimate  the  conducting  power  of  aeriform  fluids. 
Their  particles  move  so  freely  on  each  other,  that  the  moment  a  particle  is 
dilated  by  heat,  it  is  pressed  upwards  with  great  velocity  by  the  descent  of 
colder  and  heavier  particles,  so  that  an  ascending  and  descending  current  is 
instantly  established.  Besides^  these  bodies  allow  a  passage  through  them 
by  radiation.  Now  the  quantity  of  heat  which  passes  by  these  two  channels 
is  so  much  greater  tlian  that  which  is  conducted  from  particle  to  particle, 
that  we  possess  no  means  of  determining  their  proportion.  It  is  certain, 
however,  that  the  conducting  power  of  gaseous  fluids  is  exceedingly  imper- 
fect, probably  even  more  so  than  that  of  Hquids. 

RADIATION. 

When  the  hand  is  placed  bcncatli  a  hot  body  suspended  in  the  air,  a  dis- 
tinct sensation  of  warmth  is  perceived,  though  from  a  considerable  distance. 
Tliis  effect  docs  not  arise  from  the  heat  being  conveyed  by  means  of  a  hot 
current;  since  all  the  heated  particles  have  a  uniform  tendency  to  rise. 
Neither,  for  reasons  above  assigned,  can  it  depend  upon  the  conducting 
power  of  the  air ;  because  atrial  substances  possess  that  power  in  a  very  low 
degree,  while  the  sensation  in  the  present  case  is  excitco  almost  on  the  in. 
stant  There  is  ^et  another  mode  by  which  heat  passes  from  one  body  to 
another ;  and  as  it  takes  place  in  all  gases,  and  even  ta  vmvo,  it  is  inferred 
that  the  protenoe  of  a  medium  is  not  neceaaary  to  its  passage.  This  mode 
of  distribntion  is  called  Btidiatian  of  Heat,  and  the  heat  ao  distribated  is 


nipAT.  9 

edled  Bmdimnl,  or  Rsdmted  Heat,  It  appeari,  therefore,  that  abeated  body 
suspended  in  the  air  coole,  or  is  reduced  to  an  eqnilibriam  with  rarronnding 
bo&ee,  in  three  wajs ;  first,  by  the  conducting  power  of  the  air,  the  influence 
of  which  is  rerj  trifling ;  secondly,  by  the  mobility  of  the  air  in  contact 
with  it;  and  thirdly,  by  radiation. 

hnot  «f  Dittriiulum,  Heat  is  emitted  from  the  surface  of  a  hot  body 
equafly  in  all  directions,  and  in  right  lines,  like  radii  drawn  from  the  centre 
to  the  circumference  of  a  circle ;  so  that  a  thermometer  placed  at  the  same 
distance  on  any  side  would  stand  at  the  same  point,  if  the  effect  of  the  as- 
'  cending  current  of  hot  air  could  be  averted.  The  calorific  rays,  thus  dis- 
tributed, pass  firecly  through  a  vacuum  and  the  air,  without  being  arrested 
by  the  latter  or  in  any  way  affecting  its  temperature.  When  they  fall  upon 
the  surface  of  a  solid  or  liquid  sobetonoe,  they  may  be  disposed  of  in  three 
difierent  ways: — 1,  they  may  rebound  from  its  surface,  or  be  reflected; 
2,  they  may  be  received  into  its  substance,  or  be  ethsorbed ;  and,  3,  they  may 
peas  directly  through  it,  or  be  transmitted.  In  the  first  and  third  cases,  the  . 
temperature  of  the  body  on  which  the  rays  fall  is  altogether  unaffected ; 
whereas,  in  the  second,  it  is  increased.  The  heating  influence  varies  with 
the  distance  from  the  radiating  body.  Common  observation  teaches  that  the 
beat  of  a  fire  is  less,  the  further  we  are  removed  from  it ;  just  as  the  light 
grows  faint  in  proportion  as  we  recede  from  a  lamp.  The  rate  or  law  of 
decrease,  as  ascertained  by  careful  experiment,  and  as  may  be  inferred  from 
mathematical  considerations,  is,  that  the  intensity  of  heat  diminishes  in  the 
same  ratio  as  the  squares  of  the  distances  from  the  radiating  point  increase. 
Thus  the  thermometer  will  indicate  four  times  less  heat  at  two  inches,  nine 
times  less  at  three  inches,  and  sixteen  times  less  at  four  inches,  than  it  did 
when  it  was  only  one  inch  from  the  heated  substance. 

The  radiation  of  heat  bv  hot  bodies  is  singular!  v  influenced  by  the  nature 
and  condition  of  their  soruoes,  a  circumstance  which  was  first  examined  by 
the  late  Sir  John  Leslie,  to  whose  Essay  on  Heat,  published  in  1804,  we 
most  still  refer  for  most  of  our  knowledge  on  this  subject.  Leslie  employed 
in  his  experiments  a  hollow  tin  cube  filled  with  hot  water  as  the  radiating 
suhstanoe.  The  rays  proceeding:  from  it  were  brought,  by  means  of  a  con- 
cave mirror,  into  a  focus,  in  which  the  bulb  of  a  differential  thermometer 
was  placed.  By  adapting  thin  plates  of  different  metals  to  the  sides  of  the 
tin  cnbe,  and  turning  them  successively  towards  the  mirror,  he  found  a  very 
variable  effect  produced  upon  the  thermometer.  A  bright  smooth  polished 
plate  of  metal  radiated  very  imperfectly ;  but  if  its  surface  were  in  the  least 
degree  dull  or  rough,  the  radiating  power  was  immediately  augmented.  Or 
if  the  metallic  sumce  were  covered  with  a  thin  layer  of  isinglass,  paper, 
wax,  or  resin,  its  power  of  radiation  increased  8urpri*jingly.  It  follows  from 
these  researches  Uiat  velocity  of  radiation  depends  more  on  the  surface  than 
the  wuhslance  of  a  radiatiufir  body : — that  the  most  imperfect  radiators  are  to 
he  sought  among  those  bodies  which  are  highly  smooth  and  bright,  such  as 
polish^  ^old,  silver,  tin,  and  brass;  but  that  these  same  metals  radiate  freely 
when  their  smoothness  and  polish  are  destroyed,  a9  by  scratching  their  sur- 
&oes  with  a  file,  or  covering  them  with  whiting  or  lampblack.  A  metallis 
sorface  seems  adverse  to  radiation  independently  of  its  smoothness,  since  a 
highly  polished  piece  a£  glass  radiates  far  better  than  an  equally  polished 
m^allic  surface.  ScraUming  a  surface  probably  favours  radiation  by  mul- 
tip^^g  the  number  of  radiatipg  points. 

some  interesting  experiments  by  Dr.  Stark  of  Edinburgh  have  jmit  ap- 
peared (Phi).  Trans.  1833,  Part  II.)  illustrative  of  the  connexion  between  ra- 
diation and  the  colour  of  snr&oes.  The  bulb  of  a  delicate  thermometer  was 
successively  surrounded  by  equal  weights  of  differently  coloured  wool,  was 
placed  in  a  glass  tube,  heated  by  immersion  in  hot  water  to  180^,  and  then 
cooled  to  SO^'  in  cold  water.  The  times  of  cooling  were  21  minutes  with 
Uack  wool,  26  with  red  wool,  and  27  with  white  wool.  Concurring  results 
were  obtained  with  flour  of  different  colours.  Likewise,  black  wool  was 
fbond  to  coileet  more  dew  than  an  equal  weight  of  white  wool,  other  cir- 
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cumstances  being  alike.  This  is  the  iirat  time  that  direct  experiments,  seem^ 
iogly  unexceptionable,  have  been  made  in  proof  of  the  influence  of  colour 
over  radiation. 

RefUeiion  of  Heat, — The  existence  of  a  reflecting  power  may  be  shown  by 
standing  at  the  side  of  a  fire  in  such  a  position  that  the  heat  cannot  reach 
the  face  directly,  and  then  placing  a  plate  of  tinned  iron  opposite  the  grate, 
and  at  such  an  inclination  as  permits  the  observer  to  see  in  it  the  reflection 
of  the  fire :  as  soon  as  it  is  brought  to  this  inclination,  a  distinct  impression 
of  heat  will  be  perceived  upon  the  face.  If  a  line  be  drawn  from  a  radiating 
substance  to  the  point  of  a  plane  surface  by  which  its  rays  are  reflected,  and 
a  second  line  from  that  point  to  the  spot  where  its  heating  power  is  exerted, 
the  angles  which  these  lines  form  with  a  line  perpendicular  to  the  reflecting 
plane  ore  called  the  angles  of  incidence  and  re/lection^  and  are  invariably 
equal  to  each  other.  It  follows  from  this  law,  that  when  a  heated  body  ui 
placed  in  the  focus  of  a  concave  parabolic  reflector,  the  diverging  rays  which 
strike  upon  it  assume  a  parallel  direction  with  respect  to  each  other;  and 
that  when  these  parallel  rays  impinge  upon  a  second  concave  reflector  stand, 
in^  opposite  to  the  former,  they  are  made  to  converge,  so  as  to  meet  together 
in  its  focus.  Their  united  influence  is  thus  brought  to  bear  upon  a  single 
point 

It  has  been  known  for  ages  that  the  heat  contained  in  the  solar  rays  admits 
of  being  reflected  by  mirrors,  and  a  like  property  has  long  since  been  recog- 
nized  in  the  rays  emitted  by  red-hot  bodies ;  but  that  heat  emanates  in  in- 
visible rays,  which  are  subject  to  the  same  laws  of  reflection  as  those  that 
are  accompanied  by  light,  is  a  modem  discovery,  noticed  indeed  by  Lambert, 
but  first  decisively  established  by  Saussure  and  Pictet  of  Geneva.  They  first 
proved  it  of  an  iron  ball  heated  so  as  not  to  be  luminous  even  in  the  dark, 
and  then  of  a  vessel  of  boiling  water,  (Pictet*s  Essai  sur  le  Feu,  p.  65, 1790) ; 
but  for  most  of  our  knowledge  of  this  subject  we  must  again  refer  to  the 
labours  of  Leslie.  He  demonstrated  that  the  reflecting  power  depends  on 
the  nature  and  condition  of  surfaces,  and  that  those  qualities  which  are  ad- 
Terse  to  radiation,  are  precisely  such  as  promote  reflection.  Bright  smooth 
metallic  surfaces,  as  polished  silver,  brass,  or  tin,  which  are  retentive  of  their 
own  heat,  are  littie  prone  to  receive  heat  from  other  sources,  but  cause  sucli 
rays  to  fly  offfi^m  them  ;  while  those  qualities  of  a  surface  which  facilitate 
radiation  from  a  hot  body,  likewise  unfit  it  for  reflecting  the  rays  which  fall 
upon  it  from  surrounding  objects.  His  experiments,  indeed,  justify  the  con- 
clusion that  the  faculty  of  radiation  is  inversely  as  that  of  reflection. 

Aboorption  of  Heat, — Every  increase  of  temperature  arising  from  radiant 
heat  is  due  to  its  absorption  or  reception  into  the  body  on  which  it  falls.  It 
is  admitted  that  heat  cannot  be  transmitted  directly  through  opaque  bodies, 
and,  therefore,  that  all  the  rays  impinging  on  such  objects  must  either  be 
reflected  or  absorbed :  those  which  are  reflected,  cannot  be  absorbed ;  and 
those  which  are  not  reflected,  must  be  absorbed.  The  number  of  absorbed 
rays  is  supplemental  to  that  of  the  reflected  rays.  It  hence  follows  that  as 
the  reflecting  power  is  materially  influenced  by  the  nature  of  surfaces,  the 
absorptive  power  must  be  so  likewise.  Those  qualities  of  a  surfiice  which 
increase  reflection  are  to  the  same  extent  adverse  to  absorption ;  and  those 
which  fiivour  absorption  are  proportionally  injurious  to  reflection.  Since^ 
moreover,  as  was  shown  in  the  last  article,  the  property  of  radiation  is  id- 
Tersely  as  that  of  reflection,  the  power  of  radiating  is  directly  proportional 
to  that  of  absorbing  heat*    These  inferences  are  fully  justified  by  the  re- 

*  The  remarks  of  the  author  on  the  passsge  of  caloric  through  surfaces, 
may,  perhaps,  be  extended  with  advantage.  Surfaces,  as  to  the  transmission 
of  caloric,  majr  be  divided  into  two  sets ;  Ist,  those  which  offer  an  easy  pas- 
sage to  calonc,  either  inwards  or  outwards ;  and  3d,  those  through  which 
caloric  passes  with  di£Bculty.  The  first  set  of  surfaces  are  at  the  same  time 
good  absorbers  and  radiators ;  the  second  set  eombine  the  qualities  of  good 


BXAT.  11 

•eveliet  of  Leslie,  and  have  reoeiyed  additional  oonfirniatioQ  ly  a  deciaire  ex- 
periment made  by  my  oollea^ne.  Dr.  Ritchie.  (Royal  Inat.  Joornal,  y.  905.) 

The  ookmr  of  rarfiuxs  innoenoea  the  absorption  of  radiant  heat  This 
haa  been  observed  by  several  persons  of  the  sun's  rays,  and  of  terrestrial 
heat  associated  with  light,  as  will  be  stated  in  the.  next  aection ;  hot  the  de- 
pendence of  the  absorptive  power  for  simple  heat  on  colour  has  not  till  lately 
been  noticed.  From  researches  by  Dr.  Stark  already  referred  to  (page  9), 
it  seems  that  differently  coloured  wools  wound  upon  the  bulb  of  a  thermome- 
ter, and  exposed  within  a  fflus  tube  to  hot  water,  rose  from  50°  to  170^  in 
the  following  times, — black  wool  in  4!  30",  dark  green  in  5',  scarlet  in  5' 
30",  white  in  8'. 

An  intereating  connexion  has  been  traced  bv  MM.  Nobili  and  Melloni  be- 
tween the  absorbing  and  conducting  power  of  surfaces.  (An.  de  Ch.  et  de 
Ph.  xlvuL  198.)  In  their  experiments,  variations  of  temperature  were  esti- 
mated by  a  new  instrument  called  tkermo-muUiplitr,  consisting  of  a  thermo- 
electric combination  on  the  principle  of  those  to  be  hereafter  described  in 
the  artide  on  Tkermo-ElectricUy :  it  is  attached  to  a  delicate  galvanometer, 
which  acts  as  a  thermometer  by  measuring  the  degree  of  galvanic  excite- 
ment, which  excitement  is  thought  to  vary  directly  as  the  temperature. 
These  researches,  if  free  from  fallacy,  justify  the  inference  that  the  radiating 
and  absorbing  powers  of  sur&ces  for  simple  heat  are  in  the  inverse  order  of 
their  conducting  power. 

TVensmistion  if  Heat. — ^Radiant  heat  passes  with  perfect  freedom  through 
a  vacoam.  The  air.  and  gaseous  substances  present  but  a  feeble  barrier  to 
its  progress;  so  feeble,  indeed,  that  the  degree  of  impediment  which  they 
ocscasion  has  not  yet  been  appreciated.  Transparent  media  of  a  denser  kind, 
on  the  contrary,  snch  as  the  diamond,  rock-crystal,  glass,  and  water,  even  in 
thin  strata,  greatly  interfere  with  its  passage,  and  when  in  moderately  thick 
masses  intercept  it  altogether.  This  last  remark,  however,  is  only  applica- 
ble to  simple  heat,  that  is,  to  heat  unassociated  with  light.  The  solar  rays 
pass  readily  through  the  substance  of  glass,  both  heat  and  light  being  rc- 
iracied  in  their  passage,  aa  is  shown  by  the  operation  of  a  burning-glass  or 
Jena;  and  thoagn  much  of  the  heat  emitted  by  the  flame  of  a  lamp,  or  a  red- 
hoc  boll  of  iron,  is  arrested  by  glass,  many  calorific  rays  are  directly  trans- 
mitted  along  with  the  light  But  the  result  is  different  when  the  heated  body 
is  not  laminous.  A  thin  screen  of  glass,  interposed  between  such  an  object 
and  a  thermometer,  certrinly  intercepts  most  of  the  rays  that  fall  upon  it ; 
and  the  sole  question  which  can  be  raised  is,  whether  the  small  eflect  on  the 
thermometer  is  caused  by  direct  transmission,  or  by  the  screen  first  becom- 
ing warm  by  the  absorption  of  the  rays,  and  then  acting  on  the  thermometer 
by  radiation.  Leslie  adopted  the  latter  view,  denying  that  any  rays  of  simple 
Ileal  can  pass  by  direct  transmission  through  glass ;  and  Sir  D.  Brewster 
baa  supported  this  opinion  by  an  argument  suggested  by  his  optical  re- 
searches. (Phil.  Trans.  1816,  p.  106.)  He  discovered  that  when  heat  passes 
by  eoodnction  through  the  substance  of  glass,  a  crystalline  arrangement  of 
its  particles  is  occasioned,  the  progress  of  which  from  particle  to  particle 
may  be  distinctly  traced  by  the  polarizing  property  which  the  crystalline 
points  of  the  glass  immediately  assume.  The  same  phenomena  appear  when 
radiant  heatfalb  upon  a  plate  of  glass,  and,  therefore,  it  was  inferred  that  the 
heat  passes  through  by  conduction  and  not  by  transmission.  This  argu- 
ment, however,  is  scarcely  conclusive ;  and  I  cannot  help  thinking  that  Mr. 
R  Powell,  in  his  late  very  full  digest  of  the  whole  subject  of  radiant  heat 
(Reports  of  the  British  Association,  p.  269)  attaches  to  it  more  importance 
than  it  deserves.    The  observationa  of  Sir  D.  Brewster  afford  undeniable  cvi- 


reflecton  and  retainers.  The  absorbing  and  radiating  power  on  the  one 
band,  and  the  reflecting  and  retaining  power  on  the  other,  would,  therefore, 
seem  to  be  eommon  properties,  belonging  to  two  distinct  sets  of  surfaces. 
Ed. 
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denoe  of  radiant  heat  being  arrdsted  bf  glass,  a  point  which  no  one  diapates ; 
but  it  does  not  follow  that  no  rays  are  transmitted.  His  method  of  inquiry 
was  not  calculated  to  detect  transmitted  rays,  since  they  could  not  affect  the 
temperature  of  tlie  medium. 

The  most  elaborate  experiments  in  favour  of  the  permeability  of  transpa. 
x^t  media  were  conducted  by  De  la  Roche,  who  estimated  the  transmitted 
rays  by  the  difference  of  effect  occasioned  by  two  glass  screens,  one  of  which 
was  transparent  and  the  other  blackened.  (Biot*s  Traits  de  Physique,  iy. 
638.)  Prevost  conducted  a  similar  inquiry  by  employing  moveable  screens, 
wliich  constantly  presented  a  cool  surface  to  the  thermometer,  thereby  ex- 
pecting to  exclude  all  interference  from  conduction  and  secondary  radiation ; 
and  some  experiments  on  the  same  principle  were  performed  some  years  ago 
by  Dr.  Christison  and  myself;  Several  ingenious  experiments  have  been 
made  on  this  subject  by  Dr.  Ritchie ;  and  it  has  lately  been  examined  by 
MM.  Nobili  and  Melloni  with  the  aid  of  their  thermo^multiplier.  All  these 
experimenters  concur  in  the  belief  of  direct  transmission.  The  total  effect 
from  this  cause  is,  however,  very  small ;  and  with  screens  of  moderate  thick- 
ness it  is  wholly  imperceptible.  De  la  Roche  found  that  the  ratio  of  the 
transmitted  to  the  intercepted  rays  continually'  augments,  the  nearer  tlie  tem- 
perature of  the  radiating  body  approaches  to  incandescence. 

Theory  of  Radiation, — ^The  tendency  which  all  bodies  evince  to  attain  an 
equality  of  temperature  by  means  of  radiation,  has  given  rise  to  two  inge- 
nious theories,  suggested  respectively  by  Pictct  and  Prevost  According  to 
the  former,  bodies  of  equal  temperature  do  not  radiate  at  all ;  and  when  the 
temperature  is  unequal,  the  hotter  five  calorific  rays  to  the  colder  bodies  till 
an  equilibrium  is  established,  at  wnich  moment  the  radiation  ceases.  Pre- 
vost, on  the  contrary,  conceived  radiati<Hi  to  go  on  at  all  times,  and  from  all 
substances,  whether  their  temperature  were  the  same  or  different  from  that 
of  surrounding  objects.  (Recherches  sur  la  Chaleur.)  Consistently  with  this 
view,  the  temperature  of  a  body  falls  whenever  it  radiates  more  heat  than  it 
absorbs ;  its  temperature  is  stationary  when  the  quantities  emitted  and  re- 
ceived are  equal ;  and  it  grows  warm  when  the  absorption  exceeds  the  radia- 
tion. A  hot  body  surrounded  by  others  colder  than  itself)  affords  an  instance 
of  the  first  case ;  the  second  happens  when  all  the  substances  within  the 
sphere  of  each  other^s  radiation  have  the  same  temperature ;  and  the  third 
occurs  when  a  body  is  introduced  into  a  room  which  is  warmer  than  itself. 
Of  these  theories  the  preference  is  very  generally  accorded  to  the  latter. 
Most  of  the  phenomena  of  radiation,  indeed,  admit  of  a  satisfactory  explana- 
tion by  both ;  but  on  the  whole,  the  theory  of  Prevost  is  more  generally  ap- 
plicable. A  favourable  example  for  tracing  this  preference  is  afforded  by  the 
law  of  cooling  in  vacuoy  established  by  Dulong  and  Petit  Another  argu- 
ment in  its  favour  is  deducible  from  the  close  analogy  which  subsists  between 
the  laws  of  heat  and  light.  Luminous  bodies  certainly  exchange  rays  with 
one  another.  A  feeble  light  sends  rays  to  one  of  greater  intensity ;  and  the 
quantity  of  light  emitted  by  each,  does  not  seem  to  be  at  all  influenced  by 
the  vicmity  of  the  other.  Since,  therefore,  the  radiation  of  light  is  not  pre- 
vented by  the  presence  of  other  luminous  bodies,  it  is  probsble  that  the  ra- 
diation of  heat  is  equally  uninfluenced  by  the  proximity  of  otlier  radiating 
substances. 

Adopting,  for  the  reasons  just  stated,  the  tlieory  of  Prevost,  it  will  be  use- 
ful to  examine  a  few  instances  of  its  application; — and,  first,  in  regard  to 
the  experiments  with  conjugate  mirrors.  If  a  metallic  ball  in  the  focus  of 
one  mirror,  and  a  thermometer  in  that  of  the  other,  be  of  the  same  tempera- 
turc  as  tlic  surrounding  objects  (say  at  60^),  the  thermometer  will  remain 
stationary.  It  will  indeed  receive  rays  from  the  ball;  but  as  it  emits  an 
equal  number  in  return,  its  temperature  will  be  unchanged.  If  the  ball  is 
above  60^  the  thermometer  will  rise,  because  it  then  receives  a  greater  num- 
ber of  rays  than  it  gives  out  If,  on  the  contrary,  the  ball  is  below  60^,  the 
thermometer,  being  the  warmer  of  the  two  bodies,  emits  iftore  rays  than  it 
receives,  and  its  temperature  will  fall. 
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The  nme  mode  of  TesMnin^  explains  an  interesting  experiment  original- 
1/  performed  by  tiie  Florentine  Acadeinicdans,  and  since  carefnlly  repeated 
^  Pidet.  He  plaeed  a  piece  of  ioe  instead  of  the  metallic  ball  in  the  focus 
of  his  mirror,  and  observed  that  the  thermometer  in  the  opposite  focus  im- 
mediately descended,  but  rose  again  as  soon  as  the  ice  was  removed.  On 
replacing  the  ice  in  the  focus,  the  thermometer  sgain  fell,  and  reascended 
when  it  was  withdrawn.  It  was  supposed  by  some  philosophers  that  this 
experiment  proved  the  existence  of  frigorific  rays,  endowed  with  the  proper- 
ty of  communicating  coldness;  whereas,  all  the  preceding  remarks  were 
made  oo  the  supposition  that  cold  is  merely  a  negstive  quality  arising  from 
the  diminution  of  heaL  Nor  is  the  foregoing  experiment  in  the  least  degree 
inconsistent  with  sueh  an  opinion:  on  the  contrary,  it  is  readily  accounted 
for  by  the  theory  of  Prevost,  and  might  have  been  anticipated  by  its  applica- 
tion. The  thennometer,  in  fact,  has  its  temperature  lowered,  because  it 
emits  more  rays  than  it  receives;  and  it  rises  when  the  ice  is  removed,  be* 
cause  it  then  receives  a  number  of  calorific  rays  radiated  by  the  warmer 
surrounding  objects,  which  were  intercepted  by  the  ice  while  it  was  in  the 
focus.* 

An  elegant  application  of  this  theory  was  made  by  Dr,  Wells  to  account 
for  the  formation  of  dew.  The  most  copious  depoeite  of  dew  takes  place 
when  the  weather  is  clear  and  serene ;  and  the  substances  that  are  covered 
with  it  are  always  colder  than  the  contiguous  strata  of  air,  or  than  those 
bodies  on  which  dew  is  not  deposited.    In  foot,  dew  is  a  deposition  of  water 

*  In  explaining  the  experiment  of  the  apparent  radiation  of  cold,  it  is 
necessary  to  distinguish  two  cases  in  which  the  equilibrium  of  temperature 
is  disturbed ;  Ist,  where  a  body  is  raised  above  the  temperature  of  the  sur- 
rounding medium ;  and  2d,  where  it  is  below  the  temperature  of  such  me- 
dium. If  a  thermometer,  after  being  heated  to  the  boiling  point,  be  held  in 
the  air,  it  immediately  corameoces  to  project  its  caloric  into  the  surrounding 
colder  medium.  If,  however,  we  hold  a  ball  of  snow  near  the  bulb  of  a 
thermometer  which  has  been  standing  in  a  temperate  apartment,  the  mer- 
cury fiUs,  not  because  the  caloric  is  projected  from  the  instrument,  but 
rather  beoose  the  caloric  is  drawn  into  the  snow.  The  calorific  tension  of 
the  space  occupied  by  the  snow  is  diminished,  and  the  caloric  of  the  sur- 
rounding medium  is  ^wn  in  by  what  mi^ht  be  conveniently  called  calori- 
fic induction.  "Hie  effect,  at  first,  is  folt  m  the  immediate  vicinity  of  the 
ooid  body,  and  is  tbenoe  propagated  in  rieht  lines  successively  to  greater 
and  greater  distances.  If  these  views  be  admitted  as  correct,  it  will  not  be 
difficult  to  conceive  how  the  direction  of  this  motion  of  caloric  by  induction 
nay  be  changed  by  the  interposition  of  mirrors.  There  can  be  little  doubt, 
that  caloric  constitutes  a  medium  which  pervades  aU  space,  and  that  rows 
of  calorific  particles  in  right  lines  must  exist  in  every  conceivable  direction. 
In  the  experiment  cited  in  the  text,  the  ice  in  the  focus  of  one  mirror  pro- 
duces,  by  induction,  a  deficiency  of  caloric  in  its  surface ;  a  number  of  pre- 
existing rays  are  drawn  into  the  ice,  which  are  continuous  with  an  equal 
number  parallel  vrith  the  axis  of  the  mirror.  Let  it  be  supposed  that  a  par- 
ticular row  of  particles  is  put  in  motion  by  induction,  it  is  clear  that  a  de- 
ficiency of  caloric  will  be  the  consequence  at  some  point  on  the  surface  of 
the  mirror.  This  cannot  be  supplied  by  the  mirror  itself;  and  hence  it  will 
he  made  up  by  the  first  particle  in  the  eontinuous  parallel  row.  This  pr<v 
duees  sn  induction  in  the  paraUel  row,  which  results  in  creating  a  deficiency 
of  caloric  in  some  point  of  the  surface  of  the  second  mirror.  Finally,  a 
similar  induction  of  caloric  is  created  in  the  corresponding  row  of  particles, 
leading  to  the  focus  of  the  second  mirror  where  the  thermometer  is  placed, 
which  necessarily  indicates  a  reduction  of  temperature.  In  this  way  we 
think  the  experiment  of  the  radiation  of  cold  may  be  explained,  without  the 
aid  of  M.  Prevost's  theory*  which  we  conceive,  on  the  whole,  to  be  less  sun- 
pie  thna  that  of  M.  Pictet^— JSd. 

9 


14  HEAT. 

praviousljr  emting  in  the  air  as  vapour,  and  which  losos  its  gaMOue  fimn 
only  in  conaequenco  of  beinr  chiJled  hy  contact  with  colder  bodies.  In 
speculating,  therefore,  about  we  cause  of  this  phenomenon,  the  chief  object 
is  to  discover  the  cause  of  the  reduction  of  temperature.  The  explanation 
proposed  by  Dr.  Welb,  in  his  excellent  Treatise  on  Dew,  and  now  almost 
universally  adopted,  ia  founded  on  the  theory  of  Prevost  If  it  be  admitted 
that  bodies  radiate  at  all  times,  their  temperature  can  remain  stationary  only 
by  their  receiving  from  surrounding  objects  as  many  ra^s  as  they  emit; 
and  should  a  substance  be  so  situated  that  its  own  radiation  may  continue 
uninterruptedly  without  an  equivalent  being  returned  to  it,  its  temperature 
must  necessarily  fall.  Such  is  believed  to  be  the  condition  of  the  ground  in 
a  calm  starlight  evening.  The  calorific  rays  which  are  then  emitted  by 
substances  on  the  surfiice  of  the  earth,  are  dispersed  through  free  space  and 
lost :  nothing  is  present  in  the  atmosphere  to  exchange  rays  with  them,  and 
their  temperature  consequently  diminishes.  If,  on  the  contrary,  the  weather 
be  cloudy,  the  radiant  heat  proceeding  from  the  earth  is  intercepted  by  the 
clouds,  an  interchange  is  established,  and  the  ground  retains  nearly,  n  not 
quite,  the  same  temperature  as  the  adjacent  portions  of  air. 

All  the  facts  hitherto  observed  concerning  the  formation  of  dew,  tend  to 
confirm  this  explanation.  It  is  found  that  dew  is  deposited  sparingly  or  not 
at  all  in  cloudy  weather ;  that  all  circumstances  which  promote  free  radia- 
tion  are  favourable  to  its  deposition ;  that  good  radiators  of  heat,  such  as 
grass,  wood,  the  leaves  of  plants,  the  filamentous  substances  in  general,  re- 
duce their  temperature,  in  fiivourable  states  of  the  weather,  to  an  extent  of 
ten,  twelve,  or  even  fifteen  degrees  below  that  of  the  circumambient  air; 
and  that  while  these  are  drenched  with  dew,  pieces  of  polished  metal,  smooth 
stones,  and  other  imperfect  radiators,  are  barely  moistened,  and  are  nearly 
as  warm  as  the  air  in  their  vicinity. 

COOLING  OF  BODIES, 

It  appears  from  tlie  preceding  remarks  on  the  transmission  of  heat,  that 
the  cooling  of  bodies  takes  place  by  two  very  difierent  methods.  When  a 
hot  body  is  enveloped  in  solid  substances,  iia  heat  is  withdrawn  solely  by 
means  of  communication,  and  the  velocity  of  cooling  is  dependent  on  the 
conducting  power.  The  refrigeration  is  effected  in  a  similar  manner  when 
the  heated  body  is  immersed  in  a  liquid ;  but  the  velocity  of  cooling  depends 
partly  on  the  conducting  power  of  tlie  liquid,  and  partly  oq  tlie  mobility  of 
its  particles.  In  elastic  fluids  the  cooling  takes  place  both  by  commnnica* 
tion  and  radiation ;  and  in  a  vacuum  it  is  produced  solely  by  radiation. 

The  term  veloeily  of  cooling  above  employed,  signifies  the  number  of  dc 
grces  lost  by  a  hot  body  during  equal  intervals  of  time,  as  one  minute  or 
one  second ;  and  by  the  law  of  cooling  is  meant  the  relation  wBich  the  velo- 
cities of  cooling  bear  to  each  other.  The  first  attempt  to  fix  the  law  of 
cooling  was  by  Newton.  Observing  that  the  velocity  of  cooling  in  a  hot 
body  diminishes  continually  as  the  excess  of  its  temperature  declines,  he 
conceived  that  tlie  heat  lost  during  each  interval  of  time  was  a  constant 
fraction  of  its  excess  of  heat  at  the  beginning  of  that  interval.  Thus,  if  a 
body,  heated  to  1000  degrees  above  the  temperature  of  the  surrounding  air, 
were  to  lose  LlOth  of  that  excess,  or  100  degrees,  during  the  first  second, 
he  thought  it  would  lose  1-lOth  of  the  remaining  900,  or  90  degrees,  during 
the  next  second,  and  140th  of  the  residual  810,  or  81  degrees,  during  the 
third  second;  so  that  the  number  of  degrees  lost  during  the  first  five  seconds 
would  be  100,  90,  81,  72-9,  and  65*6.  These  numbers  would,  therefore,  de- 
note  the  velocity  of  cooling  during  each  suecceding  second ;  and  on  exam- 
ining their  mutual  relation,  it  is  obvious  that  they  constitute  a  geometric 
progression,  of  which  1*111  is  the  ratio.  For  65*6  x  ^'^  =  7^*9,  65*6 
X  CMll)*  s  80*93,  65-6  x  (MH)'  «  89*96,  SLO-Ahe  property  of  a 
geometrical  series.  As  this  view  appeared  to  be  consistent  with  actual  oh* 
serration,  Newton  inferred  as  a  general  law  of  cooling,  that  while  the  times 
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of  ooolinf  fenn  an  arithmetical  aeriea,  tlie  velocities  of  cooling  are  in  a  geo- 
netric  pTogTeMion. 

This  aobiect  haa  been  ezperimentatty  investigated  with  remarkable  inge- 
nmty  and  ffoeoeas  by  Dnlong  and  Petit  (An.  of  Phil,  ziii,  112.)  They 
have  demonstrated  that  Newton*«  law  of  refriferation  may  be  adopted  with- 
<mi  naCerial  error  when  a  body  is  but  slightly  hotter  than  the  surronnding 
medium,  and  the  whole  decrease  of  its  temperature  is  inconsiderable;  bat 
when  the  range  of  cooling  is  extensive,  or  the  original  excess  of  heat  was 
great,  the  law  is  ibimd  to  Se  very  defective.  They  have  examined,  with  con- 
•ommate  skill,  the  various  circumstances  by  whidi  the  cooling  of  a  hot  body 
in  a  vacQUm,  and  when  surrounded  by  an  elastic  fluid,  is  influenced ;  but 
their  inquiry  is  too  mathematical  and  abstruse  fi>r  the  purposes  of  an  e]e> 
mentary  treatise. 

EFFECTS  OF  HEAT. 

The  phenomena  that  nmy  be  ascribed  to  this  agent,  and  which  may* 
Iherefcte,  be  enumerated  as  its  effects,  are  numerous.  With  respect  to  ani- 
■mIs,  it  is  the  cause  of  the  feelings  of  cold,  agreeable  warmth,  and  burning, 
according  to  its  intensity.  It  excites  the  system  powerfully,  and  without  a 
ceitain  degree  of  it  the  ntal  actions  would  entirely  cease.  Over  the  vegeta- 
hie  world  its  influepee  is  obvious  to  every  eye.  By  its  stimulus  co-operating 
with  air  and  moisture,  the  seed  bursts  its  envelope  and  yields  a  new  yJant, 
the  hods  open,  the  leaves  expand,  and  the  fruit  arrives  at  maturity.  With 
the  declining  temperature  of  the  seasons  the  circulation  of  the  sap  ceases, 
and  the  plant  remains  torpid  till  it  is  again  excited  by  the  stimulus  of  heaC 

The  dimensions  of  wery  kind  of  matter  are  reguktcd  by  this  principle. 
Its  incrnse,  with  lew  exceptions,  separates  the  particles  of  bodies  to  a 
greater  distance  from  each  other,  producing  expansion,  so  that  the  same  quan- 
tity of  matter  is  thus  made  to  occupy  a  lu'ger  space ;  and  the  diminution  of 
iieat  has  an  opposite  eflfect  Were  the  repulsion  occasioned  by  this  agent  to 
ccane  entirely,  the  atoms  of  bodies  would  come  into  actual  contact. 

The  form  of  bodies  is  dependent  on  heat  By  its  increase  solids  are  con* 
serted  into  liquids,  and  liquids  are  dissipated  in  vapour ;  by  its  decrease  va- 
pours are  condensed  into  liquids,  and  these  become  solid.  If  matter  ceased 
to  be  under  the  influence  of  heat,  all  liquids,  vapours,  and  doubtless  even 
gases,  would  become  permanently  solid ;  and  all  motion  on  the  sur&ce  of* 
the  earth  would  be  arrested. 

When  heat  is  aecumi^ated  to  a  certain  extent  in  bodies,  they  shine  or  be- 
come meandewenL  On  this  important  property  depend  all  our  methods  of 
artificial  illumination. 

Heat  exerts  a  powerful  influence  over  chemical  phenomena.  There  is,  in* 
deed,  scarcely  any  chemical  action  which  is  not  in  some  degree  modified  by 
this  principle ;  and  hence  a  knowledge  of  its  laws  is  indispensable  to  the 
chemist  By  its  means  bodies  previously  separate  are  made  to  combine,  and 
the  elements  of  compounds  are  disunited.  An  undue  proportion  of  it  is 
deatmctive  to  all  organic  and  many  mineral  compounds ;  and  it  is  essentially 
concerned  in  combustion,  a  process  so  necessary  to  the  wants  and  comforts 
of  man. 

Of  the  various  effects  of  heat  above  enumerated,  several  will  be  discussed 
in  other  parts  of  the  work.  In  this  place  it  is  proposed  to  treat  only  of  ita 
influence  over  the  dimensions  and  form  of  bodies,  a  subject  which  will  be 
eooveniently  studied  under  the  three  heads  of  expansion,  lique&ction,  and 
Taporiiatioo. 

EXPANSION. 

One  of  the  moat  remarkable  properties  of  heat  is  the  repubton  which  ex* 
ytM  among  its  particles,  a  property  which  enables  it,  on  entering  into  a  body, 
to  remove  the  integrant  molecules  of  the  substance  to  a  greater  distance 
from  each  other.    The  body,  therefore,  becomes  less  compact  than  before 
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oocupiei  a  grofttdr  spaoe,  or,  in  other  wordt,  expands.  This  effect  of  heat 
is  opposed  to  cohesion — that  force  which  tends  to  make  the  particles  of  mat- 
ter  approximate,  and  which  must  be  overcome  hefbre  anj  expansion  can 
ensue.  It  may  be  expected,  therefore,  that  a  small  addition  of  beat  will  oc- 
casion a  small  expansion,  and  a  |rreater  addition  of  heat  a  greater  expansiain ; 
because  in  the  latter  case,  the  cohesion  will  be  more  overcome  then  in  the 
former.  It  may  be  anticipated,  also,  that  whenever  heat  passes  out  of  a  body, 
the  cohesion  being  then  left  to  act  freelj,  a  contraction  will  necessarily  fU- 
low ;  so  that  expansion  is  only  a  transient  effect,  occasioned  solely  by  the 
accumnlation  of  heat  It  follows,  moreover,  firom  this  view,  that  heat  should 
produce  the  greatest  expansion  in  those  bodies  which  are  least  influenced  by 
cohesion,  an  inference  ftilly  justified  by  observation.  Thus  the  force  of  co- 
hesion if  greatest  in  solids,  less  in  liquids,  and  least  of  all  in  aeriform  sub- 
stances ;  while  the  expansion  of  solids  is  trifling,  that  of  liquids  much  more 
considerable,  and  that  of  elastic  fluids  flir  greater. 

It  may  be  laid  down  as  a  rule,  the  reason  of  which  will  now  be  obvious, 
that  all  bodies  are  expanded  by  heat,  and  that  the  expansion  of  the  same 
body  increases  with  the  quantity  of  heat  which  enters  it  But  this  law  does 
not  apply,  unless  the  form  and  chemical  constitution  of  the  body  be  pre- 
served. For  if  a  change  in  either  be  occasioned,  then  the  reverse  of  ex- 
pansion may  ensue ;  not,  however,  as  the  direct  consequence  of  an  aug- 
mented temperature,  but  as  the  result  of  a  change  in  form  or  composition. 

In  proof  of  the  expansion  of  solids,  we  need  only  take  the  exact  dimen- 
sions  in  length,  breadth,  and  tliickness,  of  any  substance  when  cold,  and 
measure  it  again  while  strongly  heated,  when  it  will  be  found  to  have  in- 
creased in  every  direction.  A  familiar  demonstration  of  the  fact  may  be 
afforded  by  adapting  a  ring  to  an  iron  rod,  the  former  being  just  large  enough 
to  permit  the  latter  to  pass  through  it  while  cold.  The  rod  is  next  heated, 
and  will  then  no  longer  pass  through  the  ring.  This  dilatation  from  heat 
and  oonse(|uent  contraction  in  cooling  takes  place  with  a  force  which  appears 
to  be  irresistible. 

The  expansion  of  solids  has  enga^  the  attention  of  several  experimenters, 
whose  eflforts  have  been  chiefly  directed  towards  ascertaining  the  exact 
quantity  by  which  different  substances  are  lengthened  by  a  given  increase 
of  heat,  and  determining  whether  or  not  their  expansion  is  equable  at  dif. 
ferent  temperatures.  The  Philosophical  Transactions  contain  various  dis. 
sertations  on  the  subject  by  Ellioot,  Smeaton,  Troughton,  and  General  Roy ; 
and  M.  Biot,  in  his  TVaiti  de  Phyaique,  has  given  the  results  of  experiments 
performed  with  great  care  by  liavoisicr  and  Laplace.  Their  experiments 
establish  the  following  points: — 1.  Different  solids  do  not  expand  to  the  same 
degree  from  equal  additions  of  heat  2.  A  body  which  has  been  heated  from 
the  temperature  of  freezing  to  that  of  boiling  water,  and  again  allowed  to 
cool  to  32^  F.,  recovera  precisely  the  same  volume  which  it  possessed  at  first 
3.  The  dilatation  of  the  more  permanent  or  infusible  solids  is  very  uniform 
within  certain  limits ;  their  expansion,  for  example,  fVom  the  f)«ezing  point 
of  water  to  122<>,  is  equal  to  what  takes  place  betwixt  15^2<3  and  213o.  The 
subsequent  researches  of  Dolong  and  Petit,  (An.  de.  C.  et  de  P.  vii.)  prove 
that  solids  do  not  dilate  uniformly  at  high  temperatures,  but  expand  in  an 
increasing  ratio;  that  is,  the  higher  the  temperature  beyond  212^  the  greater 
the  expansion  for  equal  additions  of  heat  It  is  manifest,  indeed,  from  their 
experiments,  that  the  rate  of  expansion  is  an  increasing  one  even  between 
32^  and  212^  {  but  the  differences  which  exist  within  this  small  range  are 
BO  inconsiderable  as  to  escape  observation,  and,  therefore,  for  most  practical 
purposes  may  be  disregarded. 

The  subjomed  table  includes  the  most  interesting  results  of  Lavoisier  and 
Laplace.  (Biot,  vol  i.  p.  158.) 
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NtmM  of  taoWtmeei.  Elong;ation  when  heated 

&om  320  to  2120. 
QIass  tube  without  lead,  a  mean  of 

three  specimens  -  -  ttVt  of  its  length. 

English  ffint  glass  -  -  ^^^ 

Capper  -  -  .  ^i^ 

Brass — mean  of  two  specimens    -  -      ^^ 

Soft  iron  forged    -  .       -  -  j\j 

Iron  wire         -  -  -  .      ^^ 

Untenq)ered  steel  -  -  y|y 

Tempered  steel  ...      .^^ 

Lead  .  .  -  ^j^. 

Tin  of  India  -  -  -      tW 

Tin  of  Falmouth  -  -  ^^ 

Silver  ....      ^i^ 

Gold — ^mean  of  three  specimens  -  ^^ 

Platinum,  determined  by  Borda    -  -     ^^y 

Knowing  the  eloD^tion  of  any  substance  for  a  g^ven  number  of  degrees 
of  the  therraoiDeter,  its  total  increaee  in  bulk  may  in  general  be  calculated 
hf  ttebiing  the  number  which  expresses  its  increase  in  length.  Thus  if  a 
tabe  of  flint  glass  elongates  by  j^^j,  when  heated  from  the  freezing  to  the 
boiling  point  of  water.  Its  cubic  s^ice  will  have  increased  by  yJW  ^^  t^T 
of  lis  fbnner  capacity.  Strictly  speaking  this  rule  is  not  eiact;  but  when 
the  expansion  of  an^  sobstanoe,  corresponding  to  the  observed  increase  of 
temperaiaze,  is  a  inuMite  fraction  of  its  Folume,  the  formula  may  be  applied 
with  safety.    The  enor  is  then  eo  small  that  it  may  be  disregarded.* 

The  expansion  of  glass,  iron,  copper,  and  platinum,  has  been  particularly 
investigated  by  M  U.  Dolong  and  Petit  The  following  table  contains  the 
resok  of  their  obserralions  on  glass.  (An.  de  Ch.  ct  de  Ph.  vii.  138.)  It 
appears  .from  the  third  column  that  at  temperatures  beyond  212^,  glass  ex- 
pands in  a  greater  ratio  than  mercury. 


Temperative   by  an 
air  tbennoineter. 

Mean  absolute  dila- 
tation  of  glass  for 
each  degree. 

Tt^mperatare     by    a 
thermometer  made  of 

glass. 

Fahr. 

From  -32**  to  212*» 

32  to  392 

32  to  572 

Fahr. 

Fahr. 

212^ 

416.8 
667.2 

Hie  second,  fourth,  and  sixth  columns  of  the  following  table  show  the 
mean  total  expansion  of  iron,  oopper,  and  platinum,  when  heated  from  33^ 
to  312^  and  from  39^  to  572^,  ibr  each  degree.    The  third,  fifth,  and  se. 

*The  reason  of  this  is  easily  explained  on  geometric  principles.  Let  1  be 
the  length  of  a  eold  metaHic  bar,  and  v  iu  volunie  or  Mlidity ;  let  1-f  d  be 
its  len^  when  heated,  and  e'  its  volume  in  that  state.  As  its  breadth  and 
thickness  increase  in  tke  nme  proportion  as  its  length,  the  expanded  bar 
wiD  have  preciseiy  the  nme  figure,  that  is,  the  same  fvoportion  of  its  dimen- 
sioDS,  as  the  odd  one;  and  since,  by  Euclid,  the  solidity  of  similar  figures 
b  as  the  cabe  of  homokigoas  sides,  it  follows  that  e :  e' :  1 1 :  (14-»)  ^  ^ 
l+3d^^*+d*.  When,  in  solids,  liquids^  or  gasost  d  hsppens  to  be  a  very 
niall  fihaction,  d»  and  eien  3d*  aire  extremely  minute,  and  may  hence  be 
aJfflfether  negleeted. 
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Tenth  eolamna  indicate  the  degreoB  on  a  thermometer  of  iron,  topper,  and 
pUtinum,  OMrreeponding  to  a  temperature  4)f  572^  on  an  air  thermometer.  It 
M  obvious  that  platinum  ia  much  more  uniform  in  its  expanaibn  than  either 
of  the  other  metala. 


Mean  dilat.,Terop.  by 
of  platinum  platiDuni 
i  n  volume  for  rod  tber- 
each  degree. 


Temp^  b> 
air  ther 
mometer. 


Mean  Dil. 
of  iron  in 
volume  for 
each  degree. 


Fahr. 

572° 


Fahr. 

90760 


Teinp.  by 
iron  rod 
ihernoiiie< 
ter. 


Mean  diiat. 
of  copper  in 
volume  for 
each  degree 


Fahr. 
212° 
702.5 


remp.  by 
copper  rod 
ihermome 
ter. 


Fahr. 


Fahr. 
212° 
623.8 


Pahr. 
FTTTTT 


Fahr. 

212° 
592.9 


The  expannon  of  liquids  ii  readily  prored  by  putting  a  common  thermo- 
meter, made  ¥rith  mercury  or  alcohol,  into  warm  water,  when  the  dilatation 
of  the  liquid  will  be  shown  by  its  ascent  in  the  stem.  The  experiment  is  in- 
deed illustrative  of  two  other  facts.  It  proves,  first,  that  the  dilatation  io- 
creaaea  with  the  temperature;  for  if  the  thermometer  bepluneed  into  several 
portions  of  water  heated  to  different  degrees,  the  ascent  will  be  greatest  in 
the  hottest  water,  and  least  in  the  coolest  portions.  It  demonstratea,  se- 
condly, tliat  liquids  expand  more  than  solids.  The  fflaas  bulb  of  the  thermo- 
meter  is  iiMlf  expanded  hj  the  hot  water,  and,  therefore,  is  enabled  to  contain 
more  mercury  than  before;  but  the  mercury  being  dilated  to  a  much 
greater  extent,  not  only  occupiea  the  additional  space  in  the  bulb,  but  like* 
wise  rises  in  the  stem.  Its  asceut  marks  the  difference  between  its  own  dila*^ 
tation  and  that  of  the  glass,  and  is  only  the  apparent,  not  the  actual,  expan- 
sion of  the  liquid. 

Different  liquids  do  not  expand  to  the  same  degree  fVom  an  equal  increase 
of  temperature.  Alcohol  expands  much  more  than  water,  and  water  than 
mercurv.  From  the  frequency  with  which  the  latter  is  employed  in  philo- 
sophical experiments,  it  is  important  to  know  the  exact  amount  of  its  expan- 
aion.  This  subject  has  been  investigated  by  several  philosophers,  but  the 
experiments  of  Lavoisier  and  Laplace,  and  especially  of  Dulong  and  Petit, 
from  the  extreme  care  with  which  they  were  made,  are  entitled  to  the 
greatest  confidence.  According  to  the  former,  the  actual  dilatation  of  mer- 
cury, in  passing  from  the  freezing  to  the  boiling  point  of  water,  amounts  to 
•^^  of  its  volume ;  but  the  result  obtained  by  Dulong  and  Petit,  who  found 
it  -jV^«  >*  probably  still  nearer  the  truth.  Adopting  the  last  estimate,  this 
metal  dilates,  for  every  degree  of  Fahrenheit's  thermometer,  tvW  ^^  ^^ 
bulk  which  it  occupied  at  the  temperature  of  32^.  If  the  barometer,  for  in- 
stance,  stand  at  30  inches  when  the  thermometer  is  at  32^,  we  may  calcu- 
late  what  its  elevation  ought  to  be  when  the  latter  is  at  GO'',  or  at  any  other 
-temperature.*    The  apparent  expansion  of  mercury  contained  in  glass  is  of 

*  The  pressure  exerted  by  equal  columns  of  a  fluid,  or  fluids,  is  as  the 
density  of  the' columns;  and  as  the  density  of  mercury  diminishes  with  in. 
crease  of  temperature,  it  fallows  that  a  30.mch  column  of  mercury  at  32^  F. 
has  a  greater  weight,  or  presses  more,  titan  a  mercurial  column  of  equal 
base  and  height  at  60^.  It  is  hence  necessary,  in  estimating  atmospheric 
pressure  by  the  barometer,  either  to  have  the  mercurial  column  always  at 
the  tame  temperature,  or  to  correct  the  error  arising  from  differenge  of  tem- 
peratora  by  calculation.  This  correction  is  effected  by  finding  the  length  or 
height  of  a  mercurial  column  at  some  standard  temperature,  as  at  60^,  which 
ahaU  exert  tho  same  pressure  as  another  column  at  any  other  temperature. 
The  formula  is  thus  deduced : — Let  H,  D,  V,  be  the  height,  density,  and  vo- 
lome  of  a  mercurial  column  at  32^;  and  H',  D',  V^  iU  height,  density,  and 
▼olome  when  the  temperature  rises  above  32^  by  any  number  of  degrees  ex- 
pressed by  T.    Now  it  is  a  principle  in  hydrostatics  that  the  height  of  fluid 

columns  of  equal  pressure  is  inversely  as  their  density,  so  that  sF^"^  •  ^'^^ 
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eoom  km  than  the  afaidlQte  ezpanaaoo.  Between  the  limits  of  33^  and 
^1S9  F.  LttToifier  and  Laplace  estimate  the  apparent  expansion  at  ^^f  and 
Dulong  and  Petit  at  ^,j  of  its  volume,  being  jrln  ^or  each  degree  of 
Fahrenheit's  thermometer.  Dolong  and  Petit  state,  that  the  mean  total  ez- 
paasioo  of  mercory  firom  32^  to  572^  F.  for  each  degree  is  77^77  i  and  that 
the  mean  apparent  expansion  in  glass  from  32^  to  572^  F.  for  each  degree  is 
T-i4tt.  The  temperatnxe  in  their  experiments  was  estimated  by  an  air 
therinometer,  which  they  consider  more  uniform  in  its  rate  of  expansion 
than  one  of  mercury,  llbe  temperature  of  572^  F.  on  the  air  thermometer 
corresponds  to  5tiGP  in  the  mercurial  one. 

All  experimenters  agree  that  liquids  expand  in  an  increasing  ratio,  or  that 
•tpiai  increments  of  liMt  cause  a  greater  dilatation  at  high  than  at  low  tem* 
perataiea.  Thus,  if  a  fluid  is  heated  from  20^  to  122<^,  it  will  not  expand  so 
modi  as  it  would  do  in  being  heated  from  122^  to  212^,  though  an  equal 
nomfaer  of  degrees  is  added  in  both  cases.  In  mercury  the  first  expansion, 
aeoonijng  to  0eluc,  is  to  the  second  as  14  to  15 ;  in  olive  oil  as  13v4  to  15 ;  in 
alcohol  as  10.9  to  15 ;  and  in  pure  water  as  4.7  to  15.  Attempts  have  been 
made  to  discover  a  law  by  which  this  progression  is  regulated,  and  Dalton 
eoooeives  that  the  expansion  observes  the  ratio  of  the  square  of  the  tempera- 
tore  estimated  from  the  point  of  congelation,  or  of  greatest  density;  but  this 
opinion  is  merely  hypothetical,  and  has  been  shown  by  Dulong  and  Petit  to 
be  inconsistent  with  the  facts  established  by  their  experiments. 

lliere  is  a  peculiarity  in  the  effect  of  heat  upon  the  bulk  of  some  fluids ; 
namely,  that  at  a  certain  temperature  increase  of  heat  causes  them  to  contract, 
and  its  diminution  makes  them  expand.  This  singular  exception  to  the  ^. 
neral  effisct  of  beat  is  only  observable  in  those  liquids  which  acquire  an  in- 
erease  of  bulk  in  passing  from  the  liquid  to  the  solid  state,  and  is  remarked 
only  within  a  few  degrees  of  temperature  above  their  point  of  congelation. 
Water  is  a  noted  example  of  it  Ice,  as  every  one  knows,  swims  upon  the 
surface  of  water,  and,  therefore,  must  be  lighter  than  it,  which  is  a  con. 
▼inung  fvoof  that  water,  at  the  moment  of  freezing,  must  expand.  The  in- 
crease  is  estimated  by  Bojle  at  about  7th  of  its  volume,  which  gives  900  as 
the  specific  gra/ity  of  ice,  that  of  water  being  1000.  (Experiments  on  Cold.) 
Ballon  estimates  the  specific  gravity  of  ice  at  9.42. 

The  most  remarkable  circumstance  attending  this  expansion,  is  the  prodi- 
^oos  force  with  which  it  is  effected.  Boyle  filled  a  brass  tube,  three  inches 
m  diameter,  with  water,  and  confined  it  by  means  of  a  moveable  plug ;  the 
expansion,  when  it  froze,  took  place  with  such  violence  as  to  push  out  the 
plug,  thoagh  preserved  in  its  situation  by  a  weight  equal  to  74  pounds.  The 

V    ly 

since  the  vdome  of  the  same  liquid  is  also  inversely  as  its  density,  ^^■j' 

H     V 
Goofleqnently,  the  heights  are  directly  as  tho  volumes,  or  g/^^*    Since, 

U»refi«,V'»V+Vx3-^.«.UH'=H+Hx^H.  (l+^)-H. 
^^^990  )•  '^^  ^^  °^  ^'  ^*  ^^  course,  found  by  the  formula  HsH' 
^     '  ).  If,  in  the  formula  for  H^  we  subsUtute  for  H  and  T"  their  va- 

Ine  as  stated  in  the  text,  we  shall  find  Bfr=SO.    (^^^^^^)g=30K)84,  which 

is  the  length  of  a  mercurial  cdamn  at  6fP,  having  the  same  pressure  as  a 
oolomn  of  mercury  st  38^. 

Hie  fate  of  the  actual  and  not  apparent  expansion  is  used  in  these  for- 
mule,  because  the  length  of  the  mercurial  column,  depending  on  atmo- 
spheric pressuie,  is  notaffbcted  by  the  expansion  or  contraction  of  the  tube. 
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FWentiife  AiMdemioUiui  bunt  a  hoUow  bran  globe,  whoM  oa?itjr  wu  onl^ 
an  inch  in  diameter,  by  freezing  the  water  with  which  it  wai  filled ;  and  it 
haa  been  estimated  that  the  expansive  power  necessary  to  produce  such  an 
effect  was  equal  to  a  pressure  of  27,720  pounds  weight  Major  Williams 
gave  ample  confirmation  of  the  same  fiict  by  some  experiments  which  he 
performed  at  Quebec  in  the  years  1784  and  1785.  (Philosophical  Transac- 
Uon8ofEd.ii.23.) 

But  it  is  not  merely  during  the  act  of  congelation  that  water  expands; 
for  it  begins  to  dilate  considerably  before  it  actually  freeies.  Dr.  Croune  no- 
tioed  this  phenomenon  so  early  as  the  year  1683,  and  it  has  since  been  ob. 
served  by  various  philosophers.  It  may  be  rendered  obvious  to  any  one  by 
the  following  experiment  Fill  a  flask,  capable  of  holding  three  or  four 
ouneea,  with  water  at  the  temperature  of  60°,  and  adapt  to  it  a  cork,  through 
which  passes  a  glass  tube  open  at  both  ends,  about  the  eighth  of  an  inch 
wide,  and  ten  inches  long.  After  having  filled  the  flask,  insert  the  oork  and 
tube,  and  pour  a  little  water  into  the  latter  till  the  liquid  rises  to  Uie  middle 
of  it  On  immersing  the  flask  into  a  mixture  of  pounded  ice  and  salt,  the 
water  will  foil  in  the  tube,  marking  contraction ;  but  in  a  short  time  an  op- 
posite movement  will  be  perceived,  indicating  that  dilatation  is  taking  place, 
while  the  water  within  the  flask  is  at  the  same  time  yielding  heat  to  the 
freezing  mixture  in  which  it  is  immersed. 

To  the  inference  deduced  from  this  experiment,  it  was  objected  by  some 
philosophers,  that  the  ascent  of  the  water  in  the  tube  did  not  arise  from  any 
expansion  in  the  liquid  itself  but  firom  a  contraction  of  the  flask,  by  which 
its  capacity  was  diminished.  In  ftct,  this  cause  does  operate  to  a  certain  ex- 
tent, but  it  is  by  no  means  sufficient  to  account  for  the  whole  effect;  and, 
accordingly,  it  has  been  proved  by  an  elegant  and  decisive  experiment  of  Dr. 
Hope,  that  water  does  really  expand  previous  to  congelation.*  He  believes 
the  greatest  density  of  water  to  be  between  thirty-nine  and  a  half  and  fortj 
degrees  of  Fahrenheit's  thermometer ;  that  is,  boiling  water  obeys  the  usual 
law  till  it  has  cooled  to  the  temperature  of  about  40°,  after  which  the  ab- 
straction of  heat  produces  increase  instead  of  diminution  of  volume.  Ac- 
cording to  Hallstrom,  whose  experiments  are  the  most  recent,  and  appear  to 
have  been  conducted  with  great  care,  the  maximum  density  of  water  is 
39  39<'  F.    (An.  de  Ch.  et  de  Ph.  xxviii.  90.) 

The  cause  of  the  expansion  of  water  at  the  moment  of  fi^ezin^  is  attri- 
buted to  a  new  and  peculiar  arrangement  of  its  particles.  Ice  is  m  reality 
crystallized  water,  and  during  its  formation  the  particles  arrange  themselves 
in  ranks  and  lines,  which  cross  each  other  at  angles  of  60<^  and  120°,  and 
consequently  occupy  more  space  than  when  liquid.  This  may  be  seen  by 
examining  the  surface  of  water  while  freezinpf  m  a  saucer.  No  very  satis- 
ftctory  reason  can  be  assigned  for  the  expansion  which  takes  place  previous 
to  congelation.  It  is  suppMed,  indeed,  that  the  water  begins  to  arrange  itself 
in  the  order  it  will  assume  in  the  solid  state  before  actuaUy  laying  aside  the 
liquid  form ;  and  this  explanation  is  generally  admitted,  not  so  much  because 
it  has  been  proved  to  be  true,  but  because  no  better  one  has  been  offered. 

Water  is  not  the  only  liquid  which  expands  under  reduction  of  tempera- 
ture,  as  the  same  effect-  has  been  observed  in  a  few  others  which  assume  a 
highly  crystalline  structure  on  becoming  solid ; — fused  iron,  antimony,  zinc, 
and  bismuth  are  examples  of  it  Mercury  is  a  remarkable  instance  of  the 
reverse ;  for  when  it  freezes,  it  suffers  a  very  great  contraction. 

As  the  particles  of  air  and  ai§riform  substances  are  not  held  together  by 
cohesion,  it  follows  that  increase  of  temperature  must  occasion  a  considera- 
ble dilatation  of  them ;  and,  accordingly,  they  are  found  to  dilate  from  equal 
additions  of  heat  much  more  than  solids  or  liquids.  Now,  chemists  arc  in 
the  habit  of  estimating  the  quantity  of  the  gases  employed  in  their  experi- 
ments  by  measuring  them ;  and  since  the  volume  occupied  by  any  gas  is  so 

*  Philosophical  Transactions  of  Edinburgh,  v.  379. 
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modi  mflnenoed  by  tempentare,  it  ii  esaential  to  accuracy  that  a  dae  cor- 
redtoii  be  made  lor  the  variations  arising  from  this  cause;  that  they  shoiild 
luxm  bow  much  dilatation  is  prodaoed  by  each  degree  of  the  thermometer, 
whether  the  rate  of  expansion  is  uniform  at  all  temperatures,  and  whether 
that  ratio  is  the  same  in  all  gases. 

This  sobject  had  been  unsuccessfully  investigated  by  several  philosophers, 
who  &iled  m  their  object  chiefly  because  they  neglected  the  {>recaution  of 
drying  the  gases  upon  which  the^  operated ;  but  at  last  the  law  of  dilata- 
tion was  detected  by  Dalton  and  Gay-Lussac  nearly  at  the  same  time.  Dal- 
ton's  method  of  operating  (Manchester  Memoirs,  vol.  v.)  was  exceedingly 
simple.  He  filled  with  dry  mercury  a  graduated  tube,  dosed  at  one  end 
and  carefully  dried ;  and  then,  plunging  the  open  end  of  the  tube  into  a  mer- 
curial trough,  introduced  a  portion  of  dry  air.  After  having  marked  the 
bulk  and  temperature  of  the  air,  he  exposed  it  to  a  gradually  increasing  heat, 
the  exact  amount  of  which  was  regulated  by  a  thermometer,  and  observed 
the  dilatation  occasioned  by  each  increase  of  temperature.  The  apparatus 
of  Gaj-Lossac  (An.  de  Ch.  v.  43)  was  the  same  in  principle,  but  more  com- 
pJieated,  in  consequence  of  the  precautions  he  took  to  avoid  every  possible 
source  of  ^acy. 

It  is  proved  by  the  reeearches  of  these  philosophers,  that  all  gases  undergo 
equal  expansions  by  the  same  addition  of  heat,  supposing  them  placed  under 
the  same  circumstances ;  so  that  it  is  sufiBcient  to  ascertain  the  law  of  ex- 
panaion  observed  by  any  one  gas,  in  order  to  know  the  law  for  all.  ^  Now  it 
appears  fit»m  the  experiments  of  Gay-Lussac,  that  100  parts  of  air,  in  being 
heated  from  32^  to  212o  F.,  expand  to  137-5  parts.  The  increase  for  180  de- 
gfees  is,  therefore,  0.375  or  3  T^ths  of  its  bulk ;  and  by  dividing  this  number 
by  180,  it  is  found  that  a  given  quantity  of  dry  air  dilates  to  -^1^  of  the 
volume  it  occupied  at  32^,  for  every  degree  of  Fahrenheit's  thermometer. 
Tlie  result  of  Dalton*8  experiments  corresponds  very  nearly  with  the  foregoing. 

Hiis  point  being  established,  it  is  easy  to  ascertain  what  volume  any  given 
quantity  of  gas  should  occupy  at  any  given  temperature.  Suppose  a  certain 
portion  of  gas  to  occupy  20  measures  of  a  graduated  tube  at  32^,  it  may  be 
desirable  to  determine  what  would  be  its  bulk  at  42^.  For  every  degree  of 
heat  it  has  increased  by  .j  .fh  of  its  original  volume,  and,  therefore,  since 
the  increase  amounts  to  ten  degrees,  the  20  measures  will  have  dilated  by 
Jij>^ths.  The  expression  will,  therefore,  be  20-|-20^=s20*416.  It  must 
not  be  fbi^gotten  that  the  volume  which  the  gas  occupies  at  32^  is  a  neces- 
sary dement  in  all  such  calculations.  Thus,  having  20*416  measures  of  gas 
at  4^,  the  corresponding  bulk  for  52^  cannot  be  calculated  by  the  formula 
20'4164-20-4i6x^li^;  the  real  expression  is  20.41&4-20x^<ti  because  the 
raereaw  is  only  ^^tbs  of  the  space  occupied  at  32<',  which  is  20  measures.* 

*  Tbe  following  are  convenient  general  formulas  for  these  calculations  :— 
Let  P'  be  the  vohime  of  gas  at  any  temperature  above  32°,  T  the  num- 
ber of  degrees  above  that  pofnt,  and  F  its  volume  at  32<^.    Then  P'=P. 

> ''"iSb/     ^'  (     4QQ   ') »  *°*^  if  P  is  unknown,  its  value,  deduced  from 

the  last  eqnaUon,  may  be  cdculated  ftom  the  formula  P=F.  (ioni  y)' 

It  frequently  happens,  in  the  employment  of  Fahrenheit's  thermometer, 
that  whoi  F  for  the  above  formula  is  known,  it  is  not  P  itself  which  is 
vantad,  but  the  volume  of  gas  at  some  other  temperature,  as  at  60^  F.  This 
value  may  be « obtained  without  first  calculating  what  P  is.  Thus,  retain- 
ing the  value  of  F  and  T  as  in  the  preceding  formula,  let  V"  be  the  corre- 
ponding  quantity  of  gas  at  some  other  temperature,  the  degrees  of  which 

dwveSao  may  be  expressed  by  T".    Now  F'=^^?^^Vl*5  but  as   P 
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A  similar  remark  applies  to  the  fermiila  for  estimaUn|r  the  effect  of  heat  on 
the  heijrht  of  the  barometer. 

The  rate  of  expansion  of  atmospheric  air'  at  temperatures  ezoeedinr  SISP 
has  been  examined  by  Dulong  and  Petit,  and  the  followini^  table  contains  the 
result  of  their  observations.    (An.  de  Gh.  et  de  Ph.  vii.  120.) 


Temperature  by  the 
Mercunal  Thermonettf. 

CorrespondiBg 

Tolumea  of  a 

given   volume 

of  air. 

Fahranheil. 

C«ntignide. 

—  33 
32 

212 
302 
392 

482 

572 

Mercury  boils  680 

—  36 
0 
100 
150 
200 
250 
300 
360 

0.8650 
1.0000 
.1.3750 
1.5576 
1.7389 
1.9189 
2.0976 
2.3125 

is  unknown,  let  iU  value  in  F  be  substituted.    Thus,  F^sb(  -~^ — ^  X 
/  F480  V        ...      .        „,,      480«F4.480T"F    ^480(480+^') 

Km+r)'         ^""^     — 480M-48or 480(480+r)  ° 

F  (480+T^O 

480+T'.    ' 

Suppose,  for  example,  a  portion  of  gas  occupies  100  divisions  of  a  grada- 
ated  tube  At  48°,  how  many  will  it  fiU  at  60°  F.  ?  Here  F=100 ;  T'=48— 

32,  or  16 ;  T"=60— 32.  or  28.  The  number  sought,  or  the  F'=i5^22« 

102.42.* 


*  To  those  who  are  not  algebraists,  the  following  explanation  and  calcu- 
lation  may  be  useful.  As  every  gas  expands  1.480th  of  the  volume  it  would 
occupy  at  32^,  for  every  degree  of  Fahrenheit's  thermometer,  it  is  clear  that 
it  will  expand  l^lst  part  of  iU  volume  at  33<3,  l.4d2d  part  of  its  volume  at 
34°,  and  so  on  for  each  successive  addition  of  one  degree  of  caloric.  In  order 
to  know,  therefore,  the  firactional  dilatation  of  a  gas  at  any  temperature  above 
32^,  for  a  single  degree,  it  is  only  necessary  to  luld  to  the  denominator  of  the 
fraction  1-480,  a  number  of  unit«  equal  to  the  number  of  degrees  that  the 
'^ras  exceeds  the  temperature  of  32°.  Tlius  a  gas  at  the  temperature  of  42^ 
will  expand  M90th,  at  52°  1.500,  of  its  volume,  for  every  increment  of  heat 
equal  to  one  desree.  Knowing  in  thb  simple  manner  the  fractional  amount 
of  expansion  or  a  gas  at  any  temperature  for  one  degree,  we  multiply  this 
amount  by  the  difference  between  the  existing  temperature  and  the  tempera- 
ture to  which  it  is  desired  to  reduce  the  volume.  If  the  reduction  is  to  a 
higher  temperature,  this  product  is  added  to  the  existing  volume;  if  to  a 
fewer,  subtracted.  Thus,  to  calcuUte  the  example  which  Dr.  Turner,  has 
selected,  namely,  100  measures  of  a  gas  at  46°,  what  will  be  ito  bulk  at  60<>, 
we  proceed  as  follows:  as  the  existing  temperature  is  16°  above  32^,  its 
fVactSonal  expansion  for  one  degree  will  be  1.480+16=1-496.  Taking  the 
496th  pari  of  one  hundred,  the  given  volume,  we  have  the  a<?tuftl  expansion 
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Hydrogen  ^  was  fmmd  to  expand  in  the  nme  proportion;  to  tiiat  all 
KB  may  be  inferred  to  expand  to  the  same  extent,  for  eqnal  incrementa  of 
at,  between  — 33°  F.  and  680^ ;  and  the  same  law  probably  prevails  at  all 
temperatures.* 

THBRMOMETERa 

The  influence  of  heat  over  the  bulk  of  bodies  is  better  fitted  for  estimating 
a  change  in  the  quantity  of  that  agent  than  any  other  of  its  properties ;  for 
substances  not  only  expand  more  and  more  as  the  temperataro  increases,  but 
in  general  return  exactly  to  their  original  volume  when  the  heat  is  with- 
drawn. The  first  attempt  to  measure  the  intensity  of  heat  on  this  principle 
was  made  early  in  the  17th  century,  and  the  honour  of  the  invention  is  by 
some  bestowed  on  Sanctorius,  by  others  on  Cornelius  Drebel,  and  by  others 
on  the  oekbraied  Galileo.  The  material  used  by  Sanctorius  was  atmosphe- 
ric air.  The  construction  of  the  thermometer  itself,  or  tkermoicope  as  it  was 
sometimes  called,  is  exceedingly  simple.  A  glass  tube  is  to  be  selected  for 
the  purpose,  and  one  end  of  it  is  blown  out  into  a  spherical  cavity,  while  its 
other  extremity  is  left  open.  Afler  expelling  a  small  quantity  of  air  by  heat- 
ing the  ball  gently,  the  open  end  of  the  tube  is  plunged  into  coloured  water, 
and  a  portion  of  the  liquid  is  forced  up  into  the  tube  by  the  pressure  of  the 
atmosphere,  as  the  air  within  the  ball  contracts.  In  this  state  it  indicates . 
changes  of  temperature  with  extreme  delicacy,  the  alternate  expansion  and 
contraction  of  the  confined  air  being  rendered  visible  by  the  corresponding 
descent  and  ascent  of  the  coloured  water  in  the  stem.  The  material  used 
in  its  construction,  also,  is  peculiarly  appropriate ;  because  air,  like  all  gases, 
expands  uniibrmly  by  equal  increments  of  heat.  There  are,  however,  two 
fivcible  objections  to  the  general  employment  of  this  thermometer.  In  the 
first  place,  its  dilatations  and  contractions  are  so  great,  that  it  is  ipconve- 
nient  to  measure  them  when  the  change  of  temperature  is  considerable ;  and, 
secondly,  its  movements  are  influenced  by  pressure  as  well  as  by  heat,  so 
that  the  instrument  would  be  affected  by  variations  of  the  Ixirometcr, 
tboogh  the  temperature  should  be  quite  stationary. 

For  the  reasons  Just  stated,  the  common  air  thermometer  is  rarely  em- 
ployed; but  a  modincation  of  it,  described  in  1804  by  Sir  J.  Leslie,  in  his 
Emy  on  Heat,  under  the  name  of  Differential  Thermometer^  is  entirely  free 
from  the  last  objection,  and  is  admirably  fitted  for  some  special  purposes. 
Thb  instrument  was  invented  a  century  and  a  half  ago  by  Sturm ius,  Profes- 
nor  of  Mathematics  at  AltdorflT,  who  has  led  a  description  and  sketch  of 
it  in  his  CoUegium  Curiotum,  p.  54,  published  in  the  year  1676;  but 
like  other  air  ^ermometers  it  bad  fallen  into  disuse,  till  it  was  again 
brought  into  notice  by  Leslie.    As  now  made  it  consists  of  two  thin  glass 


fiir  one  degree.  This,  upon  calculation,  will  be  found  to  be  .2016,  which, 
multiplied  by  13,  the  difierence  between  the  actual  temperature  and  the  tern- 
peratore  of  the  volume  sought,  will  give  2.419,  as  the  actual  expansion,  cor- 
responding  to  12  degrees.  As  the  temperature  of  the  volume  sought  is  above 
the  origioal  temperature,  this  number  must  be  added  to  the  given  volume. 
So  that  100+2-419=:102  419  will  be  the  volume  sought    Ed. 

*  The  law  of  the  equable  expansion  or  contractionof  gases  by  equal  incre- 
ments or  dccavments  of  heat  is  a  very  curious  one ;  but  it  becomes  particularly 
so  when  viewed  m  connexif -n  with  a  descending  temperature.  If  ^ases  expand 
or  contract  1.480th  of  the.  volume  they  occupy  at  the  freezing  pomt,for  every 
alteration  of  temperature  equal  to  one  degree,  it  is  obvious  that  a  given 
.  volume  of  any  gM  at  32"  will  be  expanded  by  a  volume  equal  to  itself,  by 
having  its  temperature  raised  480^.  But  the  converse  of  the  fNToposition 
wookTsoem  to  involve  a  paradox ;  for  by  the  application  of  the  same  law,  a 
given  Tolame  of  any  ^as  at  dlS9,  if  cooled  down  to  480^,  would  be  eoniraeted 
if  a  volame  equal  to  itself  that  it,  reduced  to  nothing.   Ed. 
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balls  joined  together  by  a  tube,  bent  twice  at  a^ — ^^ 
right  angle,  as  represented  in  the  annexed  figure. ^^J 
Both  balls  contain  air,  but  the  greater  part  of  tJic^Jp 
tube  is  filled  with  sulphuric  acid  coloured  wiih 
carmine.  It  is  obvious  that  this  instrument  enn- 
not  be  affected  by  any  change  of  temperatorc 
acting  equally  on  both  balls ;  for  as  long  as  tho 
air  within  them  expands  or  contracts  to  tbe  ertttio 
extent,  the  pressure  on  the  opposite  sur&ct:]^  of 
the  liquid,  and  consequently  its  position,  ^iil 
continue  unchanged.  Hence  the  differentiLi] 
thermometer  stands  at  the  same  point,  howc  vi^r 
different  may  be  the  temperature  of  the  medium. 
But  the  slightest  difference  between  the  temfxTji- 
tnre  of  the  two  balls  will  instantly  be  detects  rj ; 
for  the  elasticity  of  the  air  on  one  side  bi'ir.ir 
then  greater  than  that  on  the  otiier,  the  ll|ind 
will  retreat  towards  the  ball  whose  temperature! 
is  the  lowest 

Solid  substances  are  not  better  suited  to  the  cnn^ 
struction  of  a  thermometer  than  gases;  for  white 
the  expansion  of  the  latter  is  too  great,  that  of  iJjg 
former  is  so  small  that  it  cannot  be  measured  ex- 
cept by  the  adaptation  of  complicated  machine  rr. 
Liquids  which  expand  more  than  the  one  and  Ic^ 
than  the  other,  are  exempt  from  both  extremes ;  and,  consequently,  we  must 
search  among  them  for  a  material  with  which  to  construct  a  thermometer. 
The  principle  of  selection  is  plain.  A  material  is  required  whose  expan- 
sions are  uniform,  and  whose  boiling  and  fi'eezing  points  are  very  remote 
from  one  another.  Mercury  fulfils  Uiese  conditions  better  than  any  other 
liquid.  No  fluid  can  support  a  greater  degree  of  heat  without  boiling  than 
mercury,  and  none,  except  alcdiol  and  ether,  can  endure  a  more  intense 
cold  without  freezing.  It  has,  besides,  the  additional  advantage  of  being 
more  sensible  to  the  action  of  heat  than  other  liquids,  while  its  dilatations 
between  32°  and  212°  are  almost  perfectly  uniform.  Strictly  speaking,  the 
same  quantity  of  heat  does  occasion  a  greater  dilatation  at  high  than  at  low 
temperatures,  so  that,  like  other  fluids,  it  expands  in  an  increasing  ratio. 
But  it  is  remarkable  that  this  ratio,  within  the  limits  assigned,  is  exactly  tlie 
same  as  tliat  of  glass ;  and,  therefore,  if  contained  in  a  glass  tube,  the  in- 
creasing expansion  of  the  vessel  compensates  for  that  of  the  mercury. 

The  first  object  in  constructing  a  thermometer  is  to  select  a  tube  with  a 
very  small  bore,  which  is  of  the  same  diameter  through  its  whole  length ; 
and  then,  by  melting  the  glass,  to  blow  a  small  ball  at  one  end  of  it  The 
mercury  is  introduced  by  rarefying  the  air  within  the  ball,  and  then  dipping 
the  open  end  of  the  tube  into  that  liquid.  As  the  air  cools  and  contracts, 
the  mercury  is  forced  up,  entering  the  bulb  to  supply  the  place  of  the  air 
which  had  been  expelled  from  it.  Only  a  part  of  the  air,  however,  is  re- 
moved by  this  means ;  tho  remainder  is  driven  out  by  the  ebullition  of  the 
mercury. 

Having  thus  contrived  that  the  bulb  and  about  one-third  of  the  tube  shall 
be  full  of  mercury,  the  next  step  is  to  seal  the  open  end  hermetically.  This 
is  done  by  heating  the  bulb  till  the  mercury  rises  very  near  the  summit,  and 
then  suddenly  darting  a  fine-pointed  flame  from  a  blow-pipe  across  the  open- 
ing,  so  as  to  fuse  the  glass  and  close  the  aperture  before  the  mercury  has 
had  time  to  recede  from  it 

The  construction  of  a  thermometer  is  now  so  far  complete  that  it  affords 
a  means  of  ascertaining  the  comparative  temperature  of  bodies ;  but  it  is 
deficient  in  one  essential  point,  namely,  the  observations  made  with  different 
instruments  cannot  be  compared  together.  To  effect  this  object,  the  ther. 
mometer  most  be  graduated,  a  prooeM  which  consists  of  two  parts.    The 
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fint  and  moat  important  ii  to  obtain  two  fixed  points  which  thall  be  the 
same  in  vntj  thermometer.  The  practice  now  generally  followed  for  thia 
porpoae  was  mtrodoced  by  Newton,  and  is  fimnded  on  the  fiict,  that  when  a 
thermometer  is  plunged  into  ioe  that  is  dissolving,  and  into  water  which  is 
boiling,  it  constantly  standi  at  the  same  elevations  in  all  countries,  provided 
there  is  a  certain  conformity  of  eircamstances.  The  point  of  congelation 
is  easily  determined.  The  instrument  is  to  be  immersed  in  snow  or  pound- 
ed ice,  which  is  liquefying  in  a  moderately  warm  atmosphere,  till  the  mer- 
onry  becomes  stationary.  To  fix  the  boiling  point  is  a  more  delicate  opera- 
tion ;  since  the  temperature  at  which  water  boils  is  a£fected  by  various  cir- 
eumstanoes  which  will  be  more  particularly  mentioned  hereafter.  It  is 
sofBeieat  to  state  the  general  directions  at  present ; — that  the  water  be  per. 
fectly  pure,  free  from  any  foreign  particles,  and  not  above  an  inch  in  depth, 
— the  eboiUitioa  brisk,  and  conducted  in  a  deep  metallic  vessel,  so  that  the 
stem  of  the  thermometer  may  be  surrounded  by  an  atmosphere  of  steam, 
and  thus  exposed  to  the  same  temperature  as  the  bulb— the  vapour  be  allow- 
ed  to  escape  freely — and  the  barpmeter  stand  at  30  inches. 

Tlie  second  part  of  the  process  of  prraduation  consists  in  dividing  the  in- 
terval between  the  freezing  and  boilmg  points  of  water  into  any  number  of 
equal  parts  or  degrees^  which  may  be  either  marked  on  the  tube  itself,  by 
means  of  a  diamond,  or  first  drawn  upon  a  piece  of  paper,  ivory,  or  metaJ, 
and  afterwardi  attached  to  the  thermometer.  The  exact  number  of  degrees 
into  which  the  space  is  divided,  is  not  very  material,  though  it  wouM  be 
more  convenient  did  all  thermometers  correspond  in  this  respect.  Unfcr- 
tonately  thb  is  not  the  case.  In  Britain  we  use  Fahrenheit's  scale,  and  ac- 
cordingly in  this  treatise  the  degrees  always  refer  to  that  scale,  except  when 
the  contrary  is  directly  expressed;  whereas  the  continental  philosophers 
employ  either  the  centigrade,  or  that  of  Reaumur.  The  centigrade  b  the 
most  convenient  in  practice ;  its  boiling  point  is  100,  that  of  melting  snow 
is  the  xero,  or  beginning  of  the  scale,  and  the  interval  is  divided  into  100 
tqtaX  parts.  The  interval  in  the  scale  of  Reaumur  is  divided  into  80  parts, 
mod  in  that  of  Fahrenheit  into  180 ;  but  the  zero  of  Fahrenheit  is  placed 
33  degrees  below  the  temperature  of  melting  snow,  and  on  this  account  the 
point  of  ebullition  is  212^. 

It  is  easy  to  reduce  the  temperature  expressed  by  one  thermometer  to 
that  of  another,  by  knowing  tlie  relation  which  exists  between  their  degrees. 
Thus,  180  is  to  100  as  9  to  5,  and  to  80  as  9  to  4;  so  that  nine  degrees  of 
Fahrenheit  are  equal  to  five  of  the  centigrade,  and  fi)ur  of  Reaumur's  ther- 
Fahrenheit's  is,  therefore,  reduced  to  the  centigrade  scale,  by  mul- 


tiplying by  five,  and  dividing  by  nine,  or  to  that  of  Reaumur,  by  multiplying 
by  four  instead  of  five.  EHUier  of  these  may  be  reduced  to  Fahrenheit  by 
leversing  Uie  process;  the  multiplier  is  nine  in  both  cases,  and  the  divisor 
torn  in  ttie  one  and  five  in  the  other.  But  it  must  be  remembered  in  these 
reductions,  that  the  zero  of  Fahrenheit's  thermometer  is  32  degrees  lower 
than  that  of  the  centigrade  or  Reaumur,  and  a  due  allowance  must  be  made 
for  this  dreumstance.  An  example  will  best  show  how  this  is  done.  To 
redooe  212°  F.  to  the  centigrade,  Brst  subtract  32,  which  Imves  180;  and 
this  number  multiplied  by  ^  gives  the  corresponding  expression  in  the  cen- 
tigrade scale.  Or  to  reduce  100^  C.  to  Fahrenheit,  multiply  by  |,  and  then 
aSd  32.  To  save  the  trouble  of  such  reductbns,  I  have  subjoined  a  table, 
whidi  shows  the  degrees  on  the  centigrade  scale  and  that  of  Reaumur, 
ooffraiponding  to  the  degrees  of  Fahrenheit's  thermometer. 
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Fahr. 

Cent. 

Reaum. 

Fahr. 

Cent. 

Reaum. 

Fahr. 

Cent. 

Reaum. 

213 

100 

80 

113 

45 

36 

14 

-10 

-  8 

203 

95 

76 

104 

40 

32 

5 

-15 

-12 

194 

90 

72 

95 

35 

28 

-4 

-20 

-16 

185 

85 

68 

86 

30 

24 

-13 

^25 

-20 

176 

80 

64 

77 

25 

20 

-22 

-30 

-24 

167 

75 

60 

68 

20 

16 

-31 

-35 

-28 

158 

70 

56 

59 

15 

12 

-40 

-40 

-32 

149 

65 

52 

50 

10 

8 

140 

6) 

48 

41 

5 

4 

131 

55 

44 

32 

0 

0 

122 

50 

40 

23 

-5 

-4 

Tho  mercurial  thermometer  maj  be  made  to  indicate  temperatures  which 
exceed  212°,  or  fall  below  zero,  bj  contiouini^  the  degrees  above  and  below 
those  points.  But  as  mercury  freezes  at  39  decrees  below  zero,  it  cannot 
indicate  temperatures  below  that  point ;  and  indeed  the  only  liquid  which 
has  been  used  for  such  purposes  is  alcohol.  Our  means  of  estimating  high 
degrees  of  heat  are  as  yet  yerjr  unsatisfactory.  Mercury  is  preferable  to 
any  other  liquid ;  but  even  its  indications  cannot  be  altogether  relied  on. 
For,  in  the  first  place,  its  expansion  for  equal  increments  of  heat  is  greater 
at  high  than  at  low  temperatures ;  and,  secondly,  glass  expands  at  tempera- 
tures beyond  212°  in  a  more  rapid  ratio  than  mercury,  and  consequently, 
from  the  proportionally  greater  capacity  of  the  bulb,  tlie  apparent  expansion 
of  the  metal  is  considerably  less  than  its  actual  dilatation.  Thus  Dulong 
tnd  Petit  observed,  that  when  the  air  thermometer  is  at  572°,  the  common 
mercurial  thermometer  stands  at  586°;  but  when  corrected  for  the  error 
caused  by  the  glass,  it  indicates  a  temperature  of  597*5°.  No  liquid  can  be 
employed  for  temperatures  which  exceed  662°,  since  all  of  tliem  are  then 
either  dissipated  in  vaponr,  or  decomposed. 

M.  Bellam  has  observed  that  mercurial  thermometers  slowly  change  their 
pointjif  zero,  which  uniformly  becomes  higher  than  at  the  time  of  gradua- 
tion. This  phenomenon  appears  owifig  to  a  diminished  capacity  of  the 
bulb  due  to  the  atmosphere  continually  pressing  on  its  exterior,  while  a 
vacuum  exists  in  the  interior  of  the  tube ;  for  it  has  not  been  noticed  either 
in  mercurial  thermometers  which  are  unsealed,  or  in  thermometers  made 
with  alcohol.  The  principal  contraction  ensues  soon  after  the  tube  is 
sealed,  and  hence  some  months  should  be  permitted  to  elapse  between  the 
sealing  and  graduation  of  a  thermometer.    (An.  de  Ch.  et  de  Ph.  xxL  330.) 

The  instruments  for  measuring  intense  degrees  of  heat  arc  called  py- 
r€imeter$,  and  must  be  formed  eimer  of  solid  or  gaseous  substances.  'Hie 
former  alone  have  been  hitherto  employed,  though  the  latter,  from  the 
greater  uniformity  with  which  they  expand,  are  better  calculated  for  the 
purpose.  The  action  of  most  pyrometers  depends  on  the  elongation  of  a 
metallic  bar  by  heat;  and  the  difficulty  in  their  construction  consists  in  find- 
ing an  infusible  mcUl  of  uniform  expansibility,  and  in  measuring  the  de- 
ffree  of  expansion  with  exactness.  This  subject  has  for  some  time  occug^ 
tlie  attention  of  Professor  Daniell,  who  has  at  last  succeeded  in  forming  a 
pyrometer  which,  with  a  little  practice,  may  be  used  with  fiicility,  and  ap- 
pears  susceptible  of  very  great  precision.  (Phil.  Trans.  1830  and  31.) 
This  instrument  consists  or  two  parts,  the  Register  and  SSco/e,  the  former 
designed  for  exposure  to  the  heat  to  be  estimated,  and  the  latter  for  measur- 
ing  the  exact  amount  of  expansion.  The  first  consists  of  a  bar  of  black- 
lead  earthenware,  in  which  is  drilled  a  hole  3.10ths  of  an  inch  in  diameter, 
and  7}  inches  deep.  Into  this  hole  a  cylindrical  bar  of  platinum  or  soft 
iron,  of  nearly  the  same  diameter,  and  6J  inches  long,  is  introduced,  so  as 
to  rest  against  the  solid  end  of  the  hole ;  and  upon  the  outer  or  flree  end  of 
the  metallic  bar  resU  a  cylindrical  piece  of  porcelain,  called  the  index,  1^ 
inches  long,  and  is  kepi  firmly  in  its  plaoe  by  a  strap  of  platinum  and  a 
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little  wedirc  of  earthenware.  The  object  of  this  arrangement  ia,  that  when 
the  regiater  it  heated,  the  metal  expanding  at  each  temperature  more  than 
the  earthenware  case,  presses  forward  the  index ;  and  as  this  last  moves  with 
firiction  in  consequence  of  the  strap  and  wedge,  it  remains  in  its  place  when 
the  register  is  remored  from  the  fire  and  cooled.  The  scale  is  an  instru* 
nMnt  designed  for  measuring  with  minute  accuracy  the  precise  extent  to 
which  the  index  has  been  pushed  forward  by  the  metallic  bar.  It  thus  in- 
dicates the  apparent  elongation  of  the  bar,  that  is,  the  difference  between 
ita  elongation  and  that  of  the  black-lead  case  which  contains  it  For  its  in- 
4ficatioDS  to  he  correct,  that  is,  in  order  that  equal  dilatations  should  indi- 
eate  equal  increments  of  heat,  it  is  necessary  that  the  bar  and  its  case  should 
both  expend  uniformly,  or  both  vary  at  the  same  rate.  Now  in  regard  to 
the  black-lead  case,  its  total  expansion  is  so  very  small,  that  any  want  of 
uniformity  at  intermediate  points  cannot  be  detected ;  but  since,  as  will 
■hortly  be  more  fully  stated,  all  earthenware  and  other  argillaceous  sub- 
stances contract  when  first  heated,  the  case  must  not  be  used  in  pyrometry, 
until  it  has  been  exposed  in  close  vessels  to  at  least  as  high  a  temperature 
as  that  which  will  dlerwards  be  employed.  As  for  the  expansions  of  the 
metallic  bar,  these  are  not  exactly  uniform  (page  18) ;  but  still  they  afford  a 
good  practSoal  index  of  the  relative  intensity  of  different  fires,  and  will  be 
an  exact  measure  of  temperature  when  the  precise  rate  of  expansion  sliall 
have  been  determined. 

The  pyrometer  of  Wedgwood  acts  on  a  different  principle,  being  founded 
on  the  property  which  clay,  a  compound  of  aluminous  earth  and  water, 
poicsBca  of  gradually  losing  its  water  when  exposed  to  an  Increasing  tem- 
perature,  and  of  contracting  as  the  water  is  dissipated.  The  contraction 
even  continues  ailer  every  trace  of  water  has  been  removed,  owing  to  par- 
tial vHiification  occurring,  which  tends  to  bring  the  particles  of  the  ckiy  into 
still  nearer  proximity.  The  intensity  of  the  heat  may,  therefore,  in  some 
measure  be  estimated  by  the  degree  of  contraction  which  it  has  occasioned. 

The  apparatUB  consists  of  a  metallic  groove,  24  inches  long,  the  sides  of 
which  conYcrge,  being  half  an  inch  wide  above,  and  three-tenths  below. 
The  day,  well  washed,  is  made  up  into  little  cylinders  or  truncated  cones 
which  nt  the  commencement  of  the  groove,  after  having  been  heated  to  red- 
ness; and  their  subsequent  contraction  by  heat  is  determined  by  allowing 
them  U>  slide  from  the  top  of  the  groove  downwards,  till  they  arrive  at  a  part 
of  it  throufih  which  they  cannot  pass.  Mr.  Wed^ood  divided  the  whole 
length  of  Vie  move  into  240  degrees,  each  of  which  he  supposed  equal  to 
130  of  Fahrenbeit;  and  he  fixed  the  zero  of  his  scale  at  the  1077th  degree 
of  Fahrenheit*s  thermometer. 

Wedgwood*s  pyrometer  is  no  longer  employed  by  scientific  men,  because 
its  indications  cannot  be  relied  on.  Every  observation  requires  a  separate 
piece  of  clay,  and  the  obsenrer  is  never  sure  that  the  contraction  of  the  se- 
cond piece,  from  the  same  heat,  will  be  exactly  similar  to  that  of  the  first ; 
especially  as  it  is  difficult  to  procure  specimens  of  the  earth,  the  composition 
of  which  is  in  every  respect  the  same.  It  is  doubtful,  too,  if  its  point  of 
sero  has  beev  correctly  estimated;  and  Guy  ton  de  Morveau  has  shown  that 
each  degree  corresponds  rather  to  62.5  than  to  130  degrees  of  Fahrenheit. 

For  some  purposes,  especially  in  making  meteorological  observations,  it  is 
■  very  desirable  object  to  ascertain  the  highest  and  lowest  temperature 
which  has  occurred  in  a  given  interval  of  time,  during  the  absence  of  the 
obserrer.  The  instrument  employed  with  this  intention  is  called  a  Register 
TAennomefer,  and  the  most  convenient  kind  with  which  I  am  acquainted, 
b  that  described  in  the  Philosopliical  Transactions  of  Edinburgh,  iii.  245, 
by  Dr.  John  Rutherford.  The  thermometer  for  ascertaining  the  most  in- 
tense cold  is  made  with  alcohol,  and  the  bulb  is  bent  at  a  ri|>nt  angle  to  the 
stem,  so  that  the  latter  may  conveniently  be  placed  in  a  horizontal  position. 
In  the  spirit  is  immersed  a  cylindrical  piece  of  black  enamel,  of  such  size 
as  to  more  freely  within  the  tube.  In  order  to  make  an  observation,  the 
enanwl  ahould  be  brought  down  to  the  surface  of  the  spirit,  an  o^««t  wislly 
effected  by  alight  percussion  whUe  the  bulb  is  inclined  upwards.    When 
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the  thermometer  tinkt  by  exposure  to  cold,  the  enamel  likewise  retreats  to- 
wards the  bulb,  owing  to  its  adhesion  to  the  spirit ;  but,  on  expanding,  the 
spirit  passes  readily  beyond  the  enamel,  leaving  it  at  the  extreme  pomt  to 
which  it  had  been  conveyed  by  the  previous  contraction. 

For  registering  the  highest  temperature,  a  common  mercurial  thermome- 
ter of  the  same  form  as  the  preceding  is  employed,  having  a  small  cylin- 
drical piece  of  black  enamel  at  the  surface  of  the  mercury.  When  the 
mercury  expands,  the  enamel  is  pushed  forward ;  and  as  the  stem  of  the 
thermometer  is  placed  horizontally,  it  does  not  recede  when  the  mercury 
contracts,  but  remains  at  the  spot  to  which  it  had  been  conveyed  by  tho 
previous  dilatation.  The  enamel  is  easily  restored  to  the  surface  of  the 
mercury  by  slight  percussion  while  the  bulb  is  inclined  downwards ;  but  this 
should  be  per^meid  with  care,  lest  the  enamel,  in  falling  abruptly,  should 
interrupt  the  continuity  of  the  mercurial  column,  and  interfere  with  the  in- 
dications of  the  instrument  The  risk  of  this  accident  is  lessened  by  putting 
some  pure  naphtha  in  the  tube  beyond  the  mercury,  and  its  presence  is  like- 
wise of  use  in  preventing  the  oxi^tion  of  the  mercury.  The  above  descrip- 
tion applies  to  an  improvement  on  Dr.  Rutherford's  thermometer,  made  by 
Mr.  Adie  of  Edinburgh. 

Though  the  thermometer  is  one  of  the  most  valuable  instruments  of  phi- 
losophical research,  it  must  be  confessed  that  the  sum  of  information  which 
it  conveys  is  very  small.  It  does  indeed  point  out  a  difference  in  the  tem- 
perature of  two  or  more  substances  with  great  nicetj ;  but  it  does  not  indi- 
cate how  much  heat  any  body  contains.  It  does  not  follow,  because  the  ther- 
mometer stands  at  the  same  elevation  in  any  two  bodies,  that  they  contain 
equal  quantities  of  heat ;  nor  is  it  right  to  mfer  that  the  warmer  possesses 
more  of  this  principle  than  the  colder.  The  thermometer  gives  the  same 
kind  of  information  which  may  be  discovered,  though  less  accurately,  by 
the  feelings;  it  recognizes  in  bodies  that  state  of  caloric  alone,  which  affects 
the  senses  with  an  impression  of  heat  or  cold, — the  condition  expressed  by 
the  word  tempenUure.  All  we  learn  by  this  instrument  is,  whether  the 
temperature  of  one  body  is  greater  or  less  than  that  of  another;  and  if  there 
is  a  difference,  it  is  expressed  numerically,  namely,  by  the  degrees  of  the 
thermometer.  But  it  must  be  remembered  that  these  degrees  are  parts  of 
an  arbitrary  scale,  selected  for  convenience,  without  any  reference  whatever 
to  the  actual  quantity  of  heat  present  in  bodies. 

Very  little  reflection  will  evince  the  propriety  of  these  remarks.  If  two 
glasses  of  unequal  size  be  filled  with  water  just  taken  from  the  same  spring* 
the  thermometer  will  stand  in  each  at  the  same  height,  though  their  quan- 
tities of  heat  are  certainly  unequal.  •  This  observation  naturally  suggests  the 
inquiry,  whether  different  kinds  of  substances,  whose  temperatures  as  esti- 
mated by  the  thermometer  are  the  same,  contain  equal  quantities  of  heat, — 
if^  for  example,  a  pound  of  iron  contains  as  much  heat  as  a  pound  of  water 
or  mercury.  The  foregoing  remark  shows  that  equality  of  temperature  is 
not  necessarily  connected  with  equality  in  quantity  of  heat ;  and  the  in- 
ference has  been  amply  confirmed  by  experiment.  If  equal  quantities  of 
water  are  mixed  together,  one  portion  being  at  100^  and  th^  other  at  5<K>, 
the  temperature  of  tho  mixture  will  be  the  arithmetical  mean  or  75° ;  that 
is,  the  25  degrees  lost  by  the  warm  water  will  exactly  suffice  to  heat  the 
cold  water  by  the  same  number  of  degrees.  It  is  hence  inferred,  that  equal 
weights  or  measures  of  water  of  the  same  temperature  contain  equal  quan- 
tities of  heat;  and  the  same  is  found  to  be  true  of  other  bodies.  But  if  equal 
weights  or  equal  bulks  of  different  substances  arc  employed,  the  result  wiU  be 
different.  Thus  if  a  pint  of  mercury  at  100°  be  mixed  with  a  pint  of  water  at 
40°,  the  mixture  will  have  a  temperature  of  60^,  so  that  the  40  degrees  lost  by 
the  former,  heated  the  latter  by  20  degrees  only ;  and  when,  reversing  theexperu 
ment,  the  water  is  at  lOO^'  and  the  mercury  at  40^  the  mixture  will  be  at  80^ 
tlie  20  degrees  lost  by  tlie  former  causing  a  rise  of  40  in  the  latter.  The  fact 
is  still  more  strikingly  displayed  by  substituting  equal  weights  for  mea- 
fures.    For  instance,  on  mixing  a  pound  of  mercury  at.  160^  with  a  pound 
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of  water  at  40^,  a  thermometer  placed  in  the  mizture^wiU  stand  at  45® ;  bat 
if  the  mercury  be  at  40*  and  the  water  at  160®,  the  mixture  will  have  a 
temperature  of  155®.  If  water  at  100®  be  mixed  with  an  equal  weight  of 
spermaceti  oil  at  40®,  the  mixture  will  be  found  at  80® ;  and  when  2e  oil 
is  at  100®  and  the  water  at  40®,  the  temperature  of  the  mixture  will  be  .. 
ool^GO®. 

It  appears  from  the  facts  just  stated,  that  the  same  quantity  of  heat  im- 
parts  twice  as  hirh  a  temperature  to  mercury  as  to  an  equal  Tolume  of 
water;  that  a  simitar  proportion  is  obseryed  with  respect  to  equal  weij^hts  of 
apermaceli  oil  and  water;  and  that  the  heat  which  gives  5  degrees  to  water  will 
raise  an  equal  weight  of  mercury  by  115  degrees,  being  the  ratio  of  1  to  ^. 
Hence  if  equal  quantities  of  heat  be  added  to  equal  weights  of  water,  sperma- 
ceti oil,  and  mercury,  their  temperatures  in  relation  to  each  other  will  be 
expressed  by  the  numbers  1,  2,  and  23 ;  or,  what  amounts  to  the  same,  in 
order  to  increase  the  temperature  of  equal  weights  of  those  substances  to 
the  same  extent,  the  water  will  require  33  times  as  much  boat  as  the  mer- 
cury, and  twice  as  much  as  the  oil.  Tlie  peculiarity  exemplified  by  these 
sulntances,  and  which  it  would  be  easy  to  illustrate  by  other  examples,  was 
first  noticed  by  Dr.  Black.  It  is  a  law  admitted  to  be  universal,  and  may 
be  thus  expressed ;  that  equal  quantities  of  different  bodies  require  unequal 
quantities  of  heat  to  heat  them  equally.  This  diflferenoe  in  bodies  was  ex- 
pressed  in  the  language  of  Dr.  Black  by  the  term  capacity  for  heat,  a  word 
apparently  suggerted  by  the  idea  that  the  heat  present  in  any  substance  is 
contained  within  its  pores,  or  in  the  spaces  left  betweep  its  particles,  and 
that  the  quantity  of  heat  is  r^fulated  by  the  size  of  the  pores.  And  indeed 
ai  first  view  there  appear  sufficient  grounds  for  this  opinion ;  for  it  is  ob- 
served* that  veiy  compact  bodies  have  the  smallest  capacities  for  heat,  and 
that  the  capacity  of  the  same  substance  often  increases  as  its  density  be- 
comes leaiL  But,  as  Black  himself  pointed  out,  if  this  were  the  real  cause 
of  the  diflferenoe,  the  capacities  of  bodies  for  heat  should  be  inversely  as 
their  denuUea.  Thus,  since  mercury  is  thirteen  times  and  a  half  denser 
than  water,  the  capacity  of  the  latter  for  heat  ought  to  be  only  thirteen 
times  and  a  half  greater  than  the  former,  whereas  it  is  twenty-three  times 
as  great.  OH  occupies  more  space  than  an  equal  weight  of  water,  and  yet 
the  capacity  of  the  latter  for  heat  is  double  that  of  the  former.  The  word 
capacity,  therefore,  is  apt  to  excite  a  wrong  notion,  unless  it  be  carefiillj 
borne  in  mind,  that  it  is  merely  an  expression  of  the  ftet  without  allusion 
to  its  cause ;  and  to  avoid  the  chance  of  error  from  this  source,  the  term 
tpeeifie  heat  has  been  proposed  as  a  substitute  for  it,  and  is  now  very  gene- 
rally  employed. 

The  singular  fact  of  substances  of  equal  temperature  containing  unequal 
quantities  of  beat  naturally  excites  speculation  about  its  cause,  and  various 
attempts  have  been  made  to  account  for  it  The  explanation  deduced 
from  the  views  of  Black  is  the  following.  He  conceived  that  heat  exists 
in  bodies  in  two  opposite  states :  in  one  it  is  supposed  to  be  in  chemical 
combinatioo,  exhibitinf^  none  of  its  ordinary  characters,  and  remaining 
as  it  were  coocealod,  without  evincing  any  signs  of  its  presence ;  in  the 
other,  it  is  free  and  uncombined,  passing  readily  firom  one  substance  to  an- 
other, afiecting  the  senses  in  its  passage,  determining  the  height  of  the  ther- 
mometer, and  in  a  wcHrd  giving  rise  to  all  the  phenomena  which  are  attri- 
buted to  this  active  principle. 

TlioQgh  it  would  be  easy  to  start  objections  to  this  ingenious  conjecture, 
it  has  the  merit  of  explaining  phenomena  more  satisfactorily  than  any  view 
that  has  been  proposed  in  its  place.  It  is  entirely  consistent  with  analogy. 
For  since  heat  is  regarded  as  a  material  substance,  it  would  be  altogether 
aaonialoni  were  it  not  influenced,  like  other  kinds  of  matter,  by  chemical 
afinity ;  and  if  this  be  admitted,  it  ought  certainly,  in  oombinlng,  to  lose 
some  of  the  properties  by  which  it  is  distinguished  m  iU  free  state.  Ac- 
coffding  to  this  view,  it  is  intelligible  how  two  substances,  from  being  m  the 
amsegnditioa  with  respect  to  freeheat,  may  have  the  same  temperature;  and 
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yet  that  their  actual  quantities  of  heat  may  be  very  different,  in  consequence 
of  one  containing  more  of  that  principle  in  a  combined  or  latent  state  than 
the  other.  But  in  admitting  the  plausibility  of  this  explanation,  it  is  proper 
to  remember  that  it  is  at  present  entirely  hypothetical;  and  that  tlie  lan- 
guage suggested  by  an  hypothesis  should  not  be  unnecessarilv  associated 
with  the  phenomena  to  which  it  owes  its  origin.  Accordingly,  the  word 
sennbU  is  better  than  frte  heat,  and  intentwe  preferable  to  combined  or 
latent  heat ;  for  by  such  terms  the  fact  is  equally  well  expressed,  and  philo- 
sophical propriety  strictly  preserved.* 

it  is  of  importance  to  know  the  specific  heat  of  bodies.  The  most  con- 
venient method  of  discovering  it,  is  by  mixing  different  substances  together 
in  the  way  just  described,  and  observing  the  relative  quantities  of  heat  re- 
quisite for  heating  them  by  the  same  number  of  degrees.  Thus  the  caloric 
required  to  heat  equal  quantities  of  water,  spermaceti  oil,  and  mercury  by 
one  degree,  is  in  the  ratio  of  23, 11.5,  and  1,  and,  therefore,  their  specific 
heats  are  expressed^  by  those  numbers.  )Vater  is  commonly  one  of  the 
materials  employed  in  such  experiments,  as  it  is  customary  to  compare  the 
specific  heat  of  other  bodies  with  that  of  water.t 


•  The  theory  of  latent  heat  of  Dr.  Black,  as  applied  to  the  explanation  of 
the  different  specific  heats  of  bodies,  would  seem  m  some  respects  to  be  un- 
philosophical.  If  Pictet*s  theory  of  the  equilibrium  of -caloric  be  admitted, 
then  equality  of  temperature  m  any  two  bodies  merely  means  that  their 
calorie  has  no  tendency  to  pass  from  one  to  the  other,  without  the  idea 
having  any  necessary  connection  with  the  sbsolute  quantity  of  caloric  con- 
tained in  them.  It  may  be  admitted  as  highly  probable  that  the  reason 
why  difierent  bodies  assume  to  themselves  unequal  quantities  of  heat, 
when  this  principle  has  assumed  a  state  of  rest,  is  that  their  affinities 
for  caloric  are  different ;  yet  it  by  no  means  follows,  that  the  caloric  m 
such  bodies  is  in  two  difierent  states,  senstUe  or  free,  and  insennble  or 
combined.  If  we  impart  ten  degrees  of  heat  to  equal  weights  of  water  and 
oil,  the  water  will  have  received  twice  as  much  caloric  as  the  oiL  Here 
the  ** actual  quantities  of  heat"  received  are  "very  different;**  but  are  we 
on  this  account  to  suppose  that  part  of  the  caloric  received  by  the  water  is 
in  an  insensible  or  combined  state  ?  It  will  at  once  be  evident  that  this 
cannot  be  the  case;  for  if  the  equal  weights  of  water  and  oil,  afler  being 
heated  ten  degrees,  be  allowed  to  cool  equally,  the  water  will  lose  twice  as 
much  actual  caloric  as  the  oil.  Now  all  the  caloric  lost  during  the  codhir 
becomes  free  caloric ;  for  it  is  distributed  among  surrounding  bodies. 

The  &ct  is,  that  the  quantity  of  caloric  gained  or  lost  by  any  number  of 
bodies,  in  being  heated  or  cooled  through  the  same  number  of  clegrees,  bears 
a  constant  proportion  to  their  several  specific  heats.  Hence  to  maintain  an 
equality  of  temperature  among  any  set  of  bodies,  the  quantity  of  caloric 
contained  by  each  must  be  directly  proporUonal  to  its  specific  beat  What- 
ever oubverU  this  relation  will  necessarily  change  the  temperature. 

It  sometimes  happens  that  the  loss  or  gain  of  caloric  by  a  body  is  exactly 
proportional  to  the  change  it  may  undergo  in  specific  heat  or  capacity. 
Thus,  if  a  body  receive  caloric,  and  have,  at  the  same  time,  its  capacity  pro- 
portionably  mcreased,  its  temperature  remains  the  same,  thougli  it  be  con- 
sUnlly  receiying  caloric;  and  it  is  by  such  cases  as  these  that  the  doctrine 
of  insensible  or  combined  heat  is  most  plausibly  supported.  But,  upon 
Uking  a  nearer  view  of  the  subject,  it  will  be  found  that  the  temperature^ 
mains  the  same  in  confbrmity  with  the  principles  laid  down  in  this  note; 
for  the  capacity  and  heat  being  simultaneously  and  proportionably  increased, 
the  relation  between  them,  so  far  fix>m  being  svfreereed,  w  maintained.— £ii. 

t  A  formula  ^r  such  calcuhtions  is  thus  deduced:— Let  w,  «,  and  #,  be 
the  weight,  temperature,  and  specific  heat  of  the  warmer  body;  w',  f,  and  s*, 
the  weight,  temperature,  and  specific  heat  of  the  colder  body ;  and  6  the 
temperature  of  the  mixture.  Then  the  temperature  lost  by  the  warmer 
body  wiU  be  expressed  by  (<—«),  and  its  actual  loss  of  heat  by  a.  (t— 6).  ws 


BEAT.  31 

This  method  was  fint  saggcsted  by  Black,  and  was  afterwards  practised  to  a 
great  extent  by  Drs.  Crawfitra  and  Irvine.*  fiat  the  same  knowledge  may  be 
obtained  by  reversing  the  process, — ^by  notiog  tbe  relative  quantities  of  heat 
which  bodies  give  out  in  cooling;  for  if  water  require  23  tiroes  more  heat 
than  mercury  to  raise  its  temperature  by  one  or  more  degrees,  it  must  also 
lose  23  times  as  much  in  coding.  The  cslorimcter,  invented  and  employed 
by  Lavoisier  and  Laplace,  acts  on  this  principle.  The  apparatus  consists  of  a 
wife  cage,  suspeuded  in  the  centre  of  a  metallic  vessel  so  much  larger  than 
itseli^  that  an  interval  is  left  between  them,  which  is  filled  with  fragments  of 
ice.  Tbe  mode  of  estimating  the  quantity  of  hea^  which  is  emitted  by  a  hoi 
body  placed  in  tbe  wire  cage,  depends  upon  the  fact,  that  ice  cannot  be  heated 
beyond  33^ ;  since  every  particle  of  heat  which  is  then  supplied  is  employed 
in  Uquefyicg  it,  without  in  the  least  affecting  its  temperature.  If,  therefore, 
a  flask  of  boilingwater  be  put  into  the  cage,  it  will  gradually  cool,  the  ice 
win  eoDtinue  at  32^,  and  a  portion  of  ice.«old  water  will  be  formed ;  and  the 
aame  change  will  happen  when  heated  mercury,  oil,  or  an^  other  substance 
is  substituted  for  the  hot  water.  The  sole  difference  will  consist  in  the 
qnaotity  of  ice  liquefied,  which  will  be  proportional  to  the  heat  lost  by  those 
bodies  while  they  ood;  so  that  their  capacity  is  deterrouaed  merely  by 
measuring  the  quantity  of  water  produced  by  each  of  them.  Thu  is  done 
bj  allowing  the  water,  as  it  forms,  to  run  out  of  the  calorimeter  by  a  tube 
fi[zed  in  the  bottom  of  it,  and  carefully  weighing  the  liquid  which  issues. 

There  is  one  obvious  source  of  fidlacy  in  this  mode  of  operating,  against 
which  it  is  necessary  to  provide  a  remedy ;  namely,  the  ice  not  only  receives 
beat  from  the  substance  m  the  central  cage,  but  must  also'  receive  it  from 
the  air  of  the  apartment  in  which  the  experiment  is  conducted.  This  in* 
oonvenienoe  is  avoided  by  surrounding  the  whole  apparatus  by  a  larger 
metallic  vessel  of  the  same  form  as  the  smaller  one,  and  of  such  a  size  that 
a  certain  spaee  is  left  between  them,  which  is  to  be  filled  with  pounded  ice 
or  snow.  No  external  beat  can  now  penetrate  to  tbe  inner  vessel ;  because 
mU  tba  heat  derived  from  the  apartment  is  absorbed  by  the  outer  one,  and  is 
employed,  not  in  elevating  its  temperature,  but  in  dissolving  the  pounded  ice 
within  it. 

Notwitbatandiog  this  precaution,  however,  the  accuracy  of  the  calorimeter 
may  fairly  be  questioned.  For  it  is  essential,  in  order  to  obtain  correct  re- 
sdlte,  that  all  the  water  which  is  produced  should  flow  out  and  be  colk^cted. 
But  there  is  reason  to  suspect  that  some  of  the  water  is  apt  to  freeze  again 
before  it  has  had  time  to  escape ;  and  if  this  be  true,  as  d  priori  is  very 
probable,  then  the  information  given  by  the  calorimeter  must  be  rejected  as 
oeeleaa. 

The  determination  of  the  specific  heat  of  gaseous  substances  is  a  problem 
of  importanee,  and  has  aocordinglj^  occufiied  the  attention  of  several  experi- 
menters of  great  science  and  practical  skill;  but  the  inquiry  is  beset  with 
so  manj  difficulties  that,  in  spite  of  the  talent  which  has  been  devoted  to  it, 
oor  best  results  can  be  viewed  as  approximations  only,  requiring  to  be  correct- 
ed by  fiitore  research.  Dr.  Crawford,  to  whom  we  are  indebted  for  the.  first 
elabonte  investigation  of  the  subject,  conducted  his  experiments  in  the  fol- 
lowing manner.  He  obtained  two  copper  vessels  made  as  light  as  possible, 
and  exactly  cff  the  seae  form,  size,  and  weight ;  exhausted  one  of  them,  and 


while  the  temperature  acquired  by  the  colder  body  will  be  (6 — f),  and 
Ibe  whole  heat  gaiaed  will  be  represented  by  s'.  {B — f ).  w'.  As  the  heat 
gained  by  one  is  equal  to  that  lost  by  the  other,  it  follows  that  s.  (t— 6). 

wae".  (0-^).  y/  :  and  coosequenUy  -1  J^^T^^  •   In  case  of  the  weights 

8       Qi— "w}.ie 

being eqiDal^erioaw',  then     .».^    . ;   that  is,  ibr  equal  weights,  the  spe- 

•     *— e 
cifie  beats  are  inversely  as  the  variations  of  temperature. 
•  Crawfofd  on  Animal  Heat,  and  Irvine's  Chemical  Essays. 
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filled  the  other  with  the  gnn  to  be  examined,  lliey  were  next  heated  to 
the  Mune  extent  by  immersion  in  hot  water,  and  then  plungred  into  equal 
quantities  of  cold  water  of  the  same  temperature.  Each  flask  heated  the 
water ;  but  while  the  exhausted  flask  communicated  solelv  the  heat  of  the 
copper,  the  other  g-ave  out  an  equal  quantity  of  heat  flrom  the  metal  of  which 
It  was  made,  togrether  with  that  derived  from  the  nia  in  its  interior.  The 
effect  produced  by  the  former  deducted  from  that  of  the  latter  sfave  the  heat- 
ing power  of  the  confined  j^as,  the  precise  infi>rmation  wanted.  By  repeat- 
ing the  experiment  with  air  and  different  gases,  their  comparative  heating* 
powers,  or  their  specific  heats,  were  ascertained.  But  correct  as  is  the 
leading  principle  on  which  these  experiments  were  founded,  the  results  are 
now  universally  admitted  to  be  very  wide  of  the  truth,  and,  therefore,  it  can 
answer  no  useful  purpose  to  cite  them.  The  fiiliacy  is  attributable  to  the 
circumstances  of  the  heat  derived  from  the  containing  vessel  being  so  great 
compared  to  that  emitted  by  the  confined  gas,  that  the  effect  ascribed  to  the 
latter  is  confounded  with,  and  materially  influenced  by,  the  unavoidable 
errors  of  manipulation. 

The  same  subject  was  investigated  by  Lavoisier  and  Laplace  by  means  of 
their  calorimeter.  A  current  of  gas  was  transmitted  in  a  serpentine  tube 
through  boiling  water  in  order  to  be  heated,  and  was  then  made  to  circulate 
within  the  calorimeter  in  a  similar  tube  surrounded  with  ice.  Its  tempera- 
ture in  entering  and  quitting  the  calorimeter  was  ascertained  by  thennome- 
ters,  and  the  heat  lost  by  each  jras  was  estimated  by  the  quantity  of  ice  lique- 
fied.  Their  experiments  are  of  course  liable  to  the  objections  already  made 
to  the  use  of  ice ;  but  a  similar  train  of  experiments,  not  exposed  to  this 
fallacy,  was  conducted  in  the  year  1813  with  extreme  care  by  Delaroche  and 
B6rard.  (An.  de  Chimie,  lxxxv.  and  Annals  of  Phil,  ii.)  They  transmitted 
known  quantities  of  gas,  heated  to  212^,  in  si  uniform  current  through  the 
calorimeter ;  and,  instead  of  ice,  surrounded  the  serpentine*  tube  with  water, 
the  temperature  of  which,  as  well  as  of  the  gas  at  its  exit,  was  ascertained 
during  the  course  of  the  process  by  delicate  thermometers.  By  operating 
with  a  considerable  quantity  of  gas,  they  avoided  the  error  into  which 
Crawford  foil;  and  the  experiments,  though  complicated  and  involving 
various  sources  of  error,  were  conducted  with  such  skill  and  caution  that 
they  inspired  great  confidence,  and  are  still  admitted  to  be  more  accurate 
than  any  which  have  been  made  on  this  difficult  subject  Their  results 
are  contained  in  the  following  table ;  the  specific  heat  of  the  gases  being 
referred  to  atmospheric  air  as  unity  in  tlie  two  first  columns,  and  to  water 
in  the  third. 


Names  of  Stibstanoet. 

Under  equal 
Volumes. 

Under  equal  Wclehts. 

Atmosplieric  air  . 
Hydrogen  gas 
Oxygen  gas 
Nitrogen  gas 
Nitrous  oxide  gas 
Olefiantgas    . 
Carbonic  oxide  gas 
Carbonic  acid  gas    . 
Water         .... 
Aqueous  vapour 

1.0000 
8.9033 
0.9765 
1.0000 
1.3503 
1.5530 
1.0340 
1.2583 

1.0000    .    .    0.2669 
12.3400    .    .    3i2936 
0.8848    .    .    0.2361 
1.0318    .    .    0ii754 
0.8878    .    .    0.2369 
1.5763    .    .    0.4207 
1.0805    .    .    0.2884 
0.8280    .    .    0i2210 

1.0000 

0.8470 

Some  experiments  performed  by  Clement  and  Desorroes,  and  published  in 
the  year  1819  in  the  Journal  de  Phynque^  uuxix.  320,  were  confirmatory 
of  the  foregoing  results;  and  Dalton,  in  the  second  volume  of  his  Chemical 
PhUomtpky,  page  282,  states  that  he  has  repeated  the  experiment  of  Delaroche 
and  B^rard  on  the  specific  heat  of  atmospheric  air,  and  is  oonyinced  of  their 
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beiajr  leiy  near  the  tmtfa.  But  tiie  •coormey  of  their  leealts  has 
been  qaertioiied  by  others,  and  Bone  of  the  objeetioni  are  by  no  means  de» 
fident  in  Ibrae.  One  of  these  was  stated  by  Mr.  Haycraft  in  the  Edinbur|[rh 
PhiL  Tran^  for  1634,  namely,  that  the  pfases  were  employed  in  a  moist  in- 
stead of  a  dry  state,  a  circumstanoe  which  woald  doubtless  in  some  measoTB 
modify  the  resolt;  and  others  have  been  mentioDed  by  De  k  Rive  and  Mar- 
eet  (An.  de  Ch.  et  de  Ph.  zut.  5.  and  xu.  78.)  For  example,  the  preeise 
lemperatore  of  the  gases  used  in  their  experiments  was  not  ascertained  in 
an  nnexceptionaUe  manner;  because  a  thermometer  surrounded  by  gaseous 
matter  is  a&eted,  not  only  by  contact  with  the  ^  itself,  but  likewise  by 
flie  radunt  heat  emitted  or  absorbed  by  the  contaming:  yessel.  It  is  also  to 
be  reaaarked  that  the  heated  gases,  in  passing  through  the  calorimeter, 
^minislied  in  Tofamie  in  proportion  as  they  cooled,  mm  it  is  found  in- 
variahly  that  whenever  the  bulk  of  a  gas  is  diminuhed,  a  certain  portion  of 
insensible  heat  becomes  sensible ;  so  that  in  the  experiments  of  Dehiroche 
abd  Bfoard,  the  heating  in6uence  of  the  gases  was  a  complex  phenomenon, 
partly  dependent  on  the  heat  lost  in  oooling,  and  partly  on  that  devdoped 
by  the  scoompanying  diminution  in  volume.  This  last  source  of  heat 
ooght  to  have  been  avoided,  and  in  the  experiments  of  Crawlbrd  it  was  so ; 
ftr  the  heated  gases  with  which  he  operated,  being  confined  in  a  close  tea- 
sel, underwent  no  change  of  volume  while  they  cooled,  though  of  eovrse 
ftetr  elasticity  was  thereby  diminished. 

These  considerations  induced  De  la  Rive  and  Marcet  to  undertake  this 
difficult  inquiry.  In  their  experiments  the  gases  were  confined  in  a  thin 
|;lobe  of  gbsa,  and  the  temperature  was  estioMled,  not  by  a  thermometer, 
fiat  by  the  elastic  finoe  eommonicated  by  the  heat,  aooording  to  the  law  6f 
-'  '  -      -  -       -       The    • 


Dyion  and  GsT-IiUssae  already  mentioned.  (Page  31.)  The  glass  vessel 
was  plaoed  in  the  centre  of  a  very  thin  copper  ^obe,  the  inner  surface  of 
whidi  was  made  to  radiate  fieely  by  a  ooating  of  lamp-blaek,  and  the  air 
between  it  and  the  glass  globe  was  withdrawn  by  an  air-pump,  lie  whole 
apfarmtus  being  biranght  to  the  temperature  of  68°,  was  immersed  during 
exactly  five  minutes  in  water  kept  steadily  at  86° ;  and  the  heat  imparted  to 
the  copper  was  radiated  from  its  inner  suriaee,  and  thua  reached  the  glaas 
globe  in  the  eentre.  By  always  operating  exactly  in  the  aame  manner,  it 
was  conceived  that  ibe  same  volume  of  each  gas  would  receive  equal  quanti- 
ties of  heat  in  equal  times;  and  that  from  the  temperature  thus  oommuni- 
eaied  to  each,  its  specifie  heat  might  be  inferred.  In  two  sets  of  experiments 
thus  conducted,  they  fixind  that  each  gas  acquired  the  same  elasticity,  or 
was  heated  to  the  same  degree;  and  thence  they  inferred  that  gases  in  g^e- 
ral,  for  equal  volumes  and  pressures,  have  the  same  capacity  for  heat.  They 
also  operated  with  the  same  gas  at  difierent  densities ;  and  concluded  thai 
the  specific  heat  of  each  gaa,  for  equal  volumes,  diminishes  slowly  as  its 
density  decreases. 

In  the  An.  de  Ch,  el  de  Ph.  xli.  113,  Dulong  has  published  some  critical 
remarks  on  these  experiments.  He  argues,  in  (he  first  place,  that  the  quan- 
tity of  gas  employed  was  so  small,  that  any  effect  arising  from  a  difference 
in  spedfic  heat  could  not  be  appreciated.  Ho  contends,  further,  that  the 
temperature  acquired  by  a  gas  in  such  experiments  is  not  influenced  by  its 
specific  heat  only,  but  in  part  by  the  relative  facility  with  which  heat  is 
traosmatted  through  the  gas.  It  has  been  already  observed  that  heat  is 
oondoeted  by  gaseous  matter  with  extreme  slowness,  but  is  rapidly  diffused 
through  it  in  consequence  of  the  mobility  of  its  particles.  Now  gases  diffisr 
considgrably  under  this  point  of  view.  Hydrogen  acquires  the  temperature 
of  a  hot  Lody  placed  in  it  much  more  rapidly  than  carbonic  acid ;  and,  therfr» 
fore,  were  the  same  volume  of  these  gases  exposed  for  an  equal  short  period 
to  equal  sources  of  heat,  the  former  would  acquire  a  higher  temperature 
simply  from  its  conveying  heat  more  readily.  The  validity  of  these  stric- 
tures can  scarcely,  I  apprehend,  be  denied.  It  may,  therefore,  be  inferred 
from  the  ibregoing  observations,  that  the  specific  heats  of  the  gases  are  not 
yet  accurately  known,  and  that  the  numbers  stated  by  Delaroche  and  B^rard 
are  probably  the  best  approximations  hitherto  published. 
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The  circomsUnoes  which  merit  particular  notioo,  concerning  the  specific 
beat  of  bodies,  may  be  arranged  under  the  eight  following  headi : — 

1.  Every  substance  has  a  specific  heat  pecmiar  to  itself;  whence  it  follows, 
that  a  change  of  composition  will  be  attended  by  a  change  of  capacity  for 
heat 

2.  The  specific  heat  of  a  body  Taries  with  its  form.  A  solid  has  a  smaller 
capacity  for  heat  than  the  same  substance  when  in  the  state  of  a  liquid ;  the 
specific  heat  of  water,  for  instance,  being  9  in  the  solid  state,  and  10  in  the 
liquid.  Whether  the  same  weight  of  a  bodjr  has  a  greater  specific  heat  in  the 
solid  or  liquid  form  than  in  that  of  vapour,  is  a  circumstance  not  yet  decided. 
The  only  experiments  in  point  are  those  of  Crawford,  and  DeJaroche  and 
Berard.  The  former  estimated  the  specific  heat  of  vapour  at  1.55,  and  the 
French  philosophers  at  0.847,  compared  to  that  of  water  as  unity ;  nor  u  it 
possible  to  say  which  of  these  widely  discordant  results  is  nearer  the  truth, 
as  neither  can  be  relied  on  with  confidence.* 

3.  When  a  given  weight  of  any  gas  is  made  to  vary  in  density  and 
volume  while  its  elasticity  is  unchanged,  as  when  air  confined  in  a  tube  over 
mercury  is  heated  and  suffered  to  expand  without  variation  of  pressure,  the 
specific  heat  is  believed  to  remain  constant  Gaseous  matter,  being  firee 
from  the  disturlnng  agency  of  cohesion,  is  very  equably  influenced  by  heat : 
according  to  our  best  observations,  equal  increments  of  heat,  when  the  elas- 
ticity is  constant,  give  rise  both  to  equal  increments  of  temperature  and 
equal  expansions. 

4.  Of  the  specific  heat  of  equal  volumes  of  the  same  gas  at  a  varying 
density  and  elasticity,  as  when  air  is  forced  into  a  bottle  with  different  de- 
grees of  force,  nothing  certain  has  been  established ;  for  the  experiments  of 
De  la  Rive  and  Marcet,  above  described,  have  led  to  no  decisive  conclusion. 

5.  The  specific  heat  of  equal  weights  of  the  same  ffas  varies  as  the  density 
imd  elasticitv  vary.  Thus,  when  100  measures  of  air  expand  by  diminished 
pressure  to  200  measures,  its  specific  heat  is  increased;  and  when  the  same 
quantity  of  air  b  compressed  into  the  space  of  50  measures,  its  specific  heat 
IS  diminished.  The  exact  rate  of  increase  is  unknown ;  but  accordin|^  to 
Delaroche  and  B^rard,  the  ratio  is  less  rapid  than  the  diminution  in  density; 
that  is,  the  specific  heat  of  any  gas  being  1,  it  is  not  3,  but  between  one  and 
two,  when  its  volume  is  doubled. 

6.  The  specific  beat  of  solids  and  liquids  was  formerly  thought,  especially 
l^  Drs.  Crawford  and  Irvine,  to  be  constant  at  all  temperatures,  so  long  as 
they  suffer  no  change  of  form  or  composition.  Dr.  Dalton,  however,  (uhe* 
mical  Philosophy,  [Nirt  I.  p.  50,)  endeavours  to  show  that  the  specific  heat  of 
such  bodies  is  greater  in  high  than  at  low  temperatures ;  and  retit  and  Du- 
long,  in  the  essay  abready  quoted,  have  proved  it  experimentally  with  respect 
to  several  of  them.    Thus  the  mean  specific  heat  of  iron  between 

0^  Centigrade  and  100°  Centigrade  is  0.1098 

Oo             .  .  200O            .  .  0.1150 

Oo             .  .  300O            .  .  0.1218 

OO             .  .  350O            .  .  .  0.1255 


*  The  question  here  referred  to  may  not  be  decided  experimentally  with 
rigid  accuracy,  and  yet  it  is  decided  with  much  plausibility  by  the  admitted 
doctrine  of  the  formation  of  vapours  from  liquids,  and  the  increased  specific 
heat  of  vapours  by  rarefaction.  Th.  Turner  admits  that  the  specific  heat  of 
water  in  the  liquid  state  is  greater  than  in  that  of  ice.  Is  it  not  probable 
then  that  the  specific  heat  of  steam  is  greater  than  that  of  an  equal  weight 
of  water  ?  Conceding  that  the  increaaed  capacity  that  takes  place  as  water 
changes  into  steam,  is  not  conclusive  as  to  the  increased  specific  beat  of  the 
steam  itself  after  having  been  formed ;  yet  as  a  separation  of  the  particles 
of  steam  by  rarefaction  is  admitted  to  increase  its  specific  heat,  k  fortiori  the 
greater  separation  of  the  aqueous  particles  in  passing  from  water  to  steam 
might  be  supposed  to  be  attended  with  the  same  result— £if. 
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And  tbe  Mine  b  true  of  the  nibsUnoes  conUiiied  in  the  foUowing  UUe. 

Mean   Cspseity 
between  QO  and  lOQO  c. 

Mean  Capacity 
between  V>  and  300O  c. 

Mercurj     . 
Zinc 

Antimony    . 
Slver      . 
Copper         .        . 

Glass           .        . 

0.0330 
0.0927 
0.0507 
0.0557 
0.0949 
0.0335 
0.1770 

0.0350 
0.1015 
0.0549 
0.0611 
0.1013 
0.0355 
0.1900 

It  is  difficolt  to  deCennine  whether  the  increased  specific  heat  observed  in 
solidn  and  liquids  at  hip^h  temperatares  is  owing  to  the  accamulation  of  heat 
within  them,  or  to  their  dilatation.  It  is  ascribed  in  general  to  the  latter, 
and  I  believe  correctly ;  because  tlie  expansion  and  contraction  of  gases  by 
ebange  of  pressore,  without  the  aid  of  heat,  b  attended  with  corresponding 
changes  of  specific  heat 

7.  Change  of  specific  heat  always  occasions  a  change  of  temperature. 
Increase  in  the  former  is  attended  by  diminution  of  the  latter ;  and  decrease 
in  the  former  by  increase  of  the  latter.  Thus  when  air,  confined  within  a 
flaccid  bladder,  is  suddenly  dilated  by^  means  of  the  air-pump,  a  thermometer 
plaoed  in  it  will  indicate  the  production  of  cold.  On  the  contrary,  when  air 
iM  oompreased,  the  corresponding  diminution  of  its  specific  heat  gives  rise  to 
increase  of  temperature;  nay,  so  much  heat  is  evolved  when  the  compression 
is  sodden  and  forcible,  that  tinder  may  be  kindled  by  it  The  explanation 
of  these  focts  is  obvious.  In  the  first  case,  a  quantity  of  heat  becomes  in- 
sensible,  which  was  previously  in  a  sensible  state ;  m  the  second,  heat  is 
evolved,  which  was  previously  latent 

8.  A  curious  relation  between  the  specific  heat  of  some  dementary  sub- 
stances and  their  atomic  weight  was  discovered  by  Dulong  and  Petit ;  namely, 
that  the  product  of  tbe  specific  heat  of  each  element  by  tbe  weight  of  its 
atom  is  a  constant  quantity.  This  relation,  if  general,  would  be  of  great 
interest,  as  leading  directly  to  the  inforenoe  that  the  atoms  of  elementary 
sabstanoes  have  the  same  specific  heat,  and  enabling  chemists  to  calculate 
either  the  spedfie  heat  of  elements  from  their  atomic  weight,  or  conversely 
their  atomic  weight  fi-om  their  specific  heat  (An.  de  Ch.  et  de  Ph.  x.  403.) 
Tbe  reUtion  above  alluded  to  was  exemplified  by  Dulong  and  Petit  by  a 
table  similar  to  tbe  subjoined. 

Product  of  the  tp.  heat 
Relative  Weights  of  each  element  by  the 


Specific  Heat 

Lead 

0.0393 

X 

Tin 

.      0.0514 

X 

Zinc    . 

0.0927 

X 

Tellurium 

.      0.0912 

X 

sss  .• 

0.0949 
.      0.1035 

X 
X 

Iron 

0.1100 

X 

Sulphur   . 

.      0.1880 

X 

Platinum 

0.0335 

X 

Bismuth  . 

.     0.0288 

X 

Cobalt. 

0.1498 

X 

Mercury 

.     00330 

X 

SOver  . 

0.0557 

X 

Gold 

.     0.0298 

X 

of  atom*. 

weight  of  its  a 

103.6 

ae 

3.0354 

57.9 

:— 

2.9760 

32.3 

ss 

2.9942 

32.3 

sa 

2.9457 

31.6 

=a 

2.9988 

29.5 

S3 

3.0532 

28 

^ 

3.0800 

16.1 

:— 

3.0268 

9a8 

ss 

3.3098 

71 

ss 

2.0448 

29.5 

Bsa 

4.4191 

202 

=a 

6.6660 

108 

IB 

6.0156 

199.2 

a 

5.9361* 

•ProfesM)r  A.  D.  Bache,  of  the  University  of  Pennsylvania,  pointed  out 
I  1839,  that  the  coincidenoeft  between  the  specific  heaU  of  the  atoms  of 
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It  win  be  observed,  on  inepecting  the  last  oolamn  of  the  table,  that  the  pro- 
duct of  the  specific  heat  into  the  atomic  weight  is  very  nearly  3  for  the  first 
eight  substances.  Platioum  deviates  visibly  from  the  law,  and  bismuth  and 
cobalt  strikingly.  The  three  last  metals  would  nearly  coincide  with  the  law, 
were  their  respective  atomic  weight  estimated  at  half  the  number  given  in 
the  table.  It  is  singular  that  the  tabular  view  originally  fi-amed  by  Dulong 
and  Petit  exhibited  a  more  perfect  coincidence  than  appears  in  my  table,  and 
that  the  difference  arises  from  the  substitution  of  the  atomic  weights  now 
used  for  the  less  correct  ones  employed  by  them.  This  circumstance  is  so 
&r  unfiivourable  to  the  notion  of  a  law ;  but  still  the  cases  which  do  coincide 
appear  too  numerous  to  be  the  result  of  chance.  Dr.  Dalton,  in  his  Chemical 
Philosophy  (iL  293,)  contends  that  the  law  cannot  be  true ;  since,  as  Dulong 
and  Petit  have  shown,  the  specific  heat  of  a  substance  is  not  constant,  but 
varies  both  from  a  change  of  form,  and  even  with  variation  of  temperature 
without  change  of  form.  To  the  latter  part  of  the  criticism,  Dulong  and 
Petit  are  certainly  exposed ;  but  they  have  anticipated  the  former  by  remark- 
ing, that  the  law  is  not  affected  by  change  of  form,  provided  the  substances 
compared  are  taken  in  the  same  state.  Future  observation  must  decide  on 
the  validity  of  this  position. 

LIQUEFACTION. 

All  bodies  hitherto  known,  are  either  solid,  liquid,  or  gaseous ;  and  the 
form  thev  assume  depends  on  the  relative  intensity  of  cohesion  and  repul* 
sion.  Should  the  repulsive  force  be  comparatively  feeble,  the  particles  will 
adhere  so  firmly  together,  that  they  cannot  move  freely  upon  one  another, 
thus  constituting  a  solid.  If  cohesion  is  so  fiir  counteracted  by  repulsion, 
that  the  particles  move  on  each  other  freely,  a  liquid  is  formed.  And  should 
the  cohesive  attraction  be  entirely  overcome,  so  that  the  particles  not  only 
move  freely  on  each  other,  but  would,  unless  restrained  by  external  pressure, 
separate  from  one  another  to  an  almost  indefinite  extent,  an  aeriform  sub- 
stance will  be  produced. 

Now  the  property  of  repulsion  is  manifestly  owing  to  heat ;  and'  as  it  is 
easy  within  certain  limits  to  increase  or  diminish  the  quantity  of  this  prin- 
ciple in  any  substance,  it  follows  that  the  form  of  bodies  may  be  made  to 
vary  at  pleasure :  that  is,  by  heat  sufficiently  intense  evenr  solid  may  be  con* 
verted  into  a  fluid,  and  every  fluid  into  vapour.  This  inference  is  so  fiir  jus- 
tified by  experience,  that  it  may  safely  be  considered  ss  a  law.  The  con- 
verse ought  also  to  be  true,  and,  accordingly,  several  of  the  p^  have 
already  ^n  condensed  into  liquids  by  means  of  pressure,  and  liquids  have 
been  solidified  by  cold.  The  temperature  at  which  liquefiictinn  takes  place 
is  called  the  melting  point,  or  point  effusion;  and  that  at  which  liquids 
Bolklify,  their  point  of  congelation.  Both  these  points  are  different  for  dif. 
ferent  Bubstances,  but  uniformly  the  same,  under  similar  circumstances,  in 
the  same  bod^. 

The  most  important  circumstance  relative  to  liquefaction  is  the  discovery 
of  Dr.  Black,  that  a  large  quantity  of  heat  disappears,  or  becomes  insensible 
to  the  thermometer,  during  the  process.  If  a  pound  of  water  at  33^  be 
mixed  With  a  pound  of  water  at  173^,  the  temperature  of  the  mixture  will 
be  intermediate  betwem  them,  or  KK^.    But  if  a  pound  of  water  at  173^  be 


bodies  is  hx  less  striking  when  the  corrected  atomic  weights  are  employed, 
than  they  appear  to  be  in  Dulonir  and  Petit's  table,  in  which  the  old  atomic 
numbers  are  used.  Dr.  Turner  here  gives  a  new  table,  as  a  substitute  for 
Dulong  and  Petit*s,  adopting  the  atomic  weights  according  to  the  latest 
determinations,  and  confirms  Professor  Bache*s  view.  A  number  of  errors 
in  the  atomic  we^hts  and  calculations  of  Dr.  Turner's  taUe  have  been  cor- 
rected.  See  ProfTBache's  paper  in  the  Jour,  of  the  Acad,  of  Nat  Sciences 
of  Philadelphia,  for  Jan.  1839.— £J. 
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aided  to  m.  poud  of  ke  At  SS^^  the  wb  will  qolekly  dSaeohre,  end  on  plaeing 
a  thermoroeter  in  the  miztnre,  it  will  be  found  to  stand,  not  at  108°,  hot  at 
3S0.  In  thit  experiment,  the  poond  of  hot  water,  which  was  originelly  at 
lTi°,  actually  lone  140  degrees  of  heat,  all  of  which  enters  into  the  ioe,  and 
causes  ics  iiqoe&ction,  bat  without  afiecting  its  temperature ;  whence  it  fbU 
lows  that  a  qaantitr  of  heat  becomes  insensible  dormg  the  melting  of  ice, 
^ "  '       •  •       "  140  de. 


snfficient  to  raise  the  temperature  of  an  equal  weight  of  water  by 
giees  of  Fahrei^iL  This  ezplaina  the  well  known  fiict,  on  whicn  the  gra- 
onatioo  of  the  thermometer  depends^— that  the  temperature  of  melting  ice 
or  snow  never  ezoeecb  38°  F.  All  the  heat  which  is  added  beoomes  insen- 
sihle,  tiU  the  liqaefiiction  is  comf^te. 

The  loss  or  sensible  heat  which  attends  lique&ction  seems  easentially 
neeeasaty  to  the  change,  and  for  that  reason  is  firequentlj  called  the  keai  of 
Jbniitif,  The  actual  quantity  of  heat  required  lor  this  purpose  Taries  with 
the  substance,  as  b  proved  by  the  following  results  obtained  by  Irvine. 
The  degree*  indieate  the  extent  to  which  an  equal  weight  of  each  material 
maj  be  healed  by  the  beat  of  fluidity  which  is  proper  to  it 


Beat  of  Fluidity. 

Heat  or  Fluidity. 

Sulphur    . 

•        143.68^  F. 

Zinc    . 

.    493°  F. 

Spermaceti  • 

.    145° 

Tin 

500O 

Lead 
Beeswax 

1620 

Bismuth 

.    550O 

Am  so  mneh  heat  disappeara  during  liquefoction,  it  follows  that  heat  must 
be  evolved  when  a  liquid  passee  into  a  solid.  This  may  easily  be  proved. 
The  temperature  of  water  in  the  act  of  freeung  remains  at  33^,  though  ex- 
pooed  to  an  atmosphere  in  which  the  thermometer  is  at  soro.  In  order  that 
the  water  under  such  circumstances  should  preserve  its  temperature,  it  is 
neeeesary  that  heat  should  be  supplied  as  fost  as  it  is  abstracted ;  and  it  is 
obvioaB  that  the  only  source  of  supply  is  the  heat  of  fluidity.  Further,  if 
pore  recently  boiled  water  be  cocked  very  slowly,  and  kept  very  tranquil,  its 
temperatuie  may  be  lowered  to  3P  without  an^  ioe  being  formed ;  but  the 
least  motion  causes  it  to  congeal  suddenly,  and  in  doing  so  its  temperature 
rises  to  330.    (Sir  a  Blsgden  in  Phil.  Trans.  178a) 

The  explanation  which  Dr.  Black  gave  of  those  phenomena  constitutea 
what  is  Galled  his  doUrine  of  laUiU  heai^  which  was  partially  explained  on 
a  former  occasion.  (Page  39.)  He  conceived  that  heat  in  causing  fluidity 
loses  its  property  of  acting  on  the  th^mometer  in  consequence  of  combin- 
ing chemically  with  the  solid  substance,  and  that  lique&ction  results,  be- 
cauee  tJie  compound  so  formed  does  not  possess  that  degree  of  cohesive  at- 
traction on  wUch  solidity  depends.  When  a  liquid  is  cooled  to  a  certain 
point,  it  parts  with  its  heat  o£  fluidity,  heat  is  set  free  or  becomes  sensible, 
and  tlie  cohesion  natural  to  the  solid  ta  restored.  The  same  mode  of  reason- 
ing waa  applied  by  Dr.  Black  to  the  conversion  of  liquids  into  vapours,  a 
change  dorug  which  a  large  quantity  of  heat  disappears. 

A  different  explanation  of  these  phenomena  was  proposed  by  Dr.  Irvine. 
Observing  tiiat  a  solid  has  a  smaller  specific  heat  than  the  same  substance 
when  in  a  liqnid  states  be  ar^pued  that  this  circumstance  alone  accounts  for 
heat  beooatng  insenaible  during  liquefoction.  <  For  since  the  specific  beat  of 
ioe  and  water,  or  in  other  words,  the  quantity  of  heat  required  to  raise  their 
teniperatnve  by  the  same  number  of  degrees,  was  found  to  be  as  9  to  10,  Dr. 
Inriiie  infisrred  that  ice  must  contain  one-tenth  less  heat  than  water  of  the 
same  temperature;  and  that  as  thu  dififerenoe  must  be  supplied  to  the  ioe 
when  it  is  converted  into  water,  the  change  must  necessarily  be  acoompa^ 
ned  with  the  disappearance  of  heat  Dr.  Irvine  applied  the  same  argument 
to  the  liquefaction  of  all  solids,  and  likewise  to  account  for  the  heat  which  ia 
rendered  insenaible  during  the  formation  of  vapour. 

Two  objections  may  properly  be  urged  against  the  opinion  of  Dr.  Irvine. 
In  the  first  place,  no  adequate  reason  is  assigned  for  the  Uqueftction.  It  ac 
comts  for  the  diMppearanca  of  heat  which  accompanies  liquefocbon,  but 
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does  not  explain  wliv  the  body  becomes  liquid;  wbereu  the  hypothesis  of 
Black  affi>rdB  an  explanation  both  of  the  change  itself,  and  of  thepbenomenm 
that  attend  it  But  the  second  objection  is  still  more  concluai^e.  Dr.  Jr. 
▼ine  argued  on  the  belief  that  a  liquid  has  in  eyery  case  a  greater  specific 
heat  than  when  in  the  solid  state ;  and  though  this  point  has  not  bc^en  de- 
monstrated in  a  manner  entirely  decisive,  yet  from  the  experiments  hitherto 
made,  it  appears  that  liquids  in  general  have  a  greater  specific  heat  than  so- 
lids, and  that,  therefore,  Iryine*s  assumption  is  probably  correct  In  like 
manner  he  believed  vapours  to  have  a  greater  specific  heat  than  tlie  liquids 
that  yield  them,  and  his  opinion  was  supported  by  the  experiments  of  Craw- 
ford  on  tbe  specific  heat  of  water  and  watery  vapour.  But  no  reliance 
whatever  can  be  placed  on  tbe  researches  of  Crawford  on  this  subject;  not 
only  because  his  result  is  so  different  from  that  obtained  l^  Delaroche  and 
Berard,  but  because  all  his  other  experiments  on  the  specific  heat  of  elastic 
fluids  are  decidedly  erroneous.  (Page  32.)  indeed  finom  tbe  fact  of  most 
gases  having  a  smaller  specific  heat  than  Hquids,  it  is  probable  that  the  spe- 
cific heat  of  elastic  fluids  in  general  is  inferior  to  that  of  the  liquids  from 
which  they  are  derived.*  The  disappearance  of  heat  during  vaporization  is, 
therefore,  not  explicable  on  the  views  of  Irvine ;  it  is  necessary  to  employ 
the  theory  of  Dr.  Black  to  account  for  that  change,  and,  therefore^  the  same 
doctrine  should  be  applied  to  tbe  analogous  phenomenon  of  liquefaction. 

In  speculating  on  the  cause  of  the  specific  heat  of  bodies,  at  page  39, 1 
had  recourse  to  the  doctrine  of  latent  or  combined  heat.  Black  restricted 
the  use  of  this  hypothesis  to  explain  the  phenomena  of  liquefaction  and  va- 
porization ;  but  I  apprehend  it  may  be  applied  without  impropriety  to  all 
cases  where  heat  passes  from  a  sensible  to  an  insensible  state.  That  this 
may  happen,  when  heat  enters  a  body,  without  change  of  form,  is  easily  de- 
monstrated. Thus,  in  order  to  raise  an  equal  weight  of  water  and  mercury 
by  the  same  number  of  degrees,  it  is  necessary  to  add  23  times  as  much 
heat  to  the  water  as  to  the  mercury ;  a  fact  which  proTcs  that  a  quantity  of 
heat  becomes  insensible  to  the  thermometer  when  the  temperature  of  water 
is  raised  by  one  degree,  just  as  happens  when  ice  is  converted  into  water,  or 
water  into  vaponr.t  The  piienomena  arc  in  this  point  of  view  identical ; 
and,  therefore,  the  same  moide  of  reasoning  by  which  one  of  them  is  explain- 
ed,  may  be  employed  to  account  for  the  other. 

The  loss  of  sensible  heat  in  liquefaction  is  the  basis  of  many  artificial 
processes  for  producing  cold.  All  of  them  are  conducted  on  the  principle  of 
liquefying  solid  substances  without  the  aid  of  heat  For,  the  heat  of  fluidity 
being  then  derived  chiefly  from  that  which  had  previously  existed  within 
the  Milid  itself  in  a  sensible  state,  the  temperature  necessarily  falls.  Th<> 
degree  of  cold  thus  produced  depends  upon  the  quantity  of  heat  which  dis- 
appears,  and  this  agfain  is  dependent  on  the  quantity  of  solid  matter  lique- 
fied, and  on  the  rapidity  of  liquelaction. 

The  most  common  method  of  producing  cold  is  by  mixing  together  equal 
parts  of  snow  and  salt.  The  salt  causes  the  snow  to  melt  by  reason  of^  its 
affinity  for  water,  and  the  water  dissolves  the  salt ;  so  that  both  of  them  be- 
come  liquid.  The  cold  thus  generated  is  32  degrees  below  the  temperature 
of  freezinffwater ;  that  is,  a  thermometer  placed  in  tbe  mixture  would  stand 
at  zero.  This  is  the  way  originally  proposed  by  Fahrenheit  for  determining 
the  commencement  of  his  scale. 

Any  other  substances  which  have  a  strong  affinity  for  water  may  be  sub- 
sdtuted  for  the  salt ;  and  those  have  the  greatest  effect  in  producing  cold 
whose  affinity  for  that  liquid  is  greatest,  and  which  consequently  produce 
the  most  rapid  liquefaction.  The  crystallized  chloride  of  caldnm  proposed 
by  Lowitz,  is  by  far  the  most  convenient  in  practice.  It  may  be  made  by 
dissolring  marble  in  muriatic  acid,  and  concentrating  the  solution  by  evapo- 

*  See  note,  page  34,  relating  to  this  point — Ed, 

t  ^  note,  page  30,  where  this  view  of  the  subject  i»  oootroverted. — Ed. 
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nfioiH  tin,  vpoii  letting  a  drop  of  it  fall  upon  a  odld  nnoor,  it  beoomea  a  lo- 
iid  maaa.  It  ihoald  then  be  withdrawn  from  the  fire,  and  when  cold  be 
speedily  reduced  to  a  fine  powder.  From  its  extreme  deliqoeeoence  it  most 
be  prnerved  in  well-stopped  vestels.  The  fbUowinsr  table,  from  Mr. 
Walker**  paper  in  the  Philosophical  Transactions  for  i^l,  contains  the  best 
frnpofftiona  he  prodoeing  intense  cold. 

FftlGORIFIC  MIXTURES  WITH  SNOW.* 


Bea-aali 
Snow 


Sea-aah  .        . 

Muriate  of  ammonia 


Muriate  of  ammonia 

Nitrated 
Snow 


Parts 

by  weight 

.    *    .    2 


.  10 
5 
5 

.24 


Sea-salt 
Nitrate 


5 

5 

12 


Muted  sulphuric  acidt 
Snow     •        •        •        . 


Coooentrated  muriatic  add    5 
Snow     .        .        .        •        8 


Coneentraled  nitrous  acid      4 
Snow         ....    7 


Chloride  of  calcium 


Crysf  alTtied  chloride  of 

calcium  .3 

Snow     ....        2 


1^ 
jSnow 


Fused  potassa   . 


Thermometer  sinks 


to    -^o 


to— 120 


to— 180 


to— 250 


from  +32°  to  —23° 


firom  -f  320  to  —270 


from  +320  to  — 30O 


from  +32°  to  — 40o 


from  +320  to  -.500 


Degree  of  Cold 
produced. 


55  degrees. 


59 


72 


82 


from  +320  to  — 51o 


But  freeang  mixtures  maybe  made  by  the  rapid  solution  of  salts,  without 
the  use  of  snow  or  ice;  and  the  following  table,  taken  from  Walker's  Essav 
in  the  Philosophical  Transactions  for  1795,  includes  the  most  important  of 
them.    The  salto  must  be  finely  powdered  and  dry. 


♦  The  snow  shonld  be  freshly  ^len,  dry,  and  uncompressed.    If  i 
onot  be  had,  finely  powdered  ice  may  be  substituted  for  it 
t  Made  of  strong  aoid,  diluted  with  half  its  weight  of  snow  or  distUied 
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Paruby 
Weiffht. 
Muriate  of  ammonia  .      o 
Nitrate  of  potasaa  .          5 
Water         ...    16 

Tempcratoro  Mm 
from+SO^to+lOo 

Degree  of  Cold 
produced. 

40degraes. 

Muriate  of  amiDonia         5 
Nitrate  of  potaasa      ,      5 
Sulphate  of  aoda     .          6 
Water         ...    16 

hfm+5fy>io+4P 

46 

Nitrate  of  ammonia          1 
Water         ...      1 

from  +50°  to  +4P 

46 

Nitrate  of  ammonia          1 
Carbonate  of  aoda             1 
Water     ...          1 

from+50oto— 70 

57 

Sulphate  of  aoda                3 
DUated  nitroua  acid*         2 

from  +50O  to  -T^ 

53 

Sulphate  of  aoda                6 
Muriate  of  ammonia         4 
Nitrate  of  potasaa             2 
Diluted  nitrous  acid          4 

from  +50O  to  — 10© 

60 

Sulphate  of  aoda               6 
Nitrate  of  ammonia          5 
Diluted  nitroua  acid    .      4 

from  +50O  to  — 14* 

64 

Phoaphate  of  aoda             9 
Diluted  nitrous  acid    .      4 

from  +500  to  —120 

62 

Phosphate  of  aoda             9 
Nitrate  of  ammonia    •      6 
Diluted  nitrous  acid          4 

from+5(K'to— 210 

n 

Sulphate  of  aoda               8 
Muriatic  acid          .          5 

from +500  to  00 

50 

Sulphate  of  soda         .      5 
Diluted  sulphuric  acidt      4 

fnm+6Q0U>+9^ 

47 

Thaaa  artifieial  proeessos  for  raenting  eoM  are  miieh  more  efiectoal 
when  the  materials  are  previously  cooled  by  immersion  in  other  frirorific 
mixtures.  One  would  at  first  anp^ioae  that  an  nntimited  degree  0?  cold 
might  be  thus  produced;  but  it  u  found  that  when  the  difibrenoe  between 
Ihe  mixture  and  the  air  becomes  yery  great,  the  communication  of  heat 
from  one  to  the  other  becomea  so  rapid,  as  to  put  a  limit  to  the  reductioik 
The  greatest  cold  produced  by  Mr.  Walker  did  not  exceed  100  degrees  be* 
tow  the  sero  of  Fahrenheit 

Though  it  is  unlikely  that  we  ahall  ever  succeed  in  depriving  any  sub- 
stance  of  all  its  heat,  it  is  presumed  that  bodies  do  contain  a  certam  definite 
quantity  of  this  principle,  and  various  attempts  have  been  made  to  caleolatft 
its  amount  The  mode  of  conducting  such  a  calculation  may  be  ahown  by 
(lie  prooesa  of  Dr.  Irvine.  That  ingenious  chemist  proceeded  on  the  as- 
sumption,  that  the  actual  quantity  of  heat  in  bodiea  is  proportional  to  their 
specific  heat,  and  that  the  spedfio  heat  remaina  the  same  at  aU  tamparatnm, 
provided  no  change  of  form  takes  place.    Thus,  as  the  specific  heat  of  ioa 


*  Composed  of  Aiming  nitrous  add  two  parta  in  weight,  and  one  of  water ; 
the  mixture  being  allowed  to  cool  before  being  used. 

t  Composed  of  equal  weights  of  strong  aad  and  water,  being  allowed  to 
cool  before  uae. 
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H  to  that  of  water  ms  9  to  10,  it  foDows,  according  to  the  hjpotheaiB,  that 
ioe  oootains  1-lOlh  leas  heat  than  water,  at  the  aame  temperature.  Now 
Dr.  Black  aacertMoed  that  thia  tenth,  which  ia  the  heat  of  fiiudity,  n  equal 
to  140  degieei;  whence  it  was  inferred  tliat  water  at  33^  containa  10  timea 
140  or  1400  dmea  of  heat 

To  be  aatiafied  that  -aach  calculationa  cannot  be  tmsted,  it  ia  aofficient  to 
baow,  thai  the  eatlmatea  made  by  diffeient  cbemiata  respecting  the  ahaolote 
qnantity  of  beat  in  water  vary  from  900  to  nearly  8000  degreea.*  Beaidn, 
^d  even  the  estimate!  agree  with  each  other^  the  principle  of  the  calculation 
woold  still  be  ansaUsfi^tory;  for,  in  the  first  place,  there  is  no  proof  that 
the  quantity  of  heat  in  bodies  is  in  the  ratio  of  their  specific  heate;  and, 
aeoondly,  the  aesumption  that  the  spedfic  heat  of  a  body  is  the  same  at  all 
teraperatoiea,  ao  long  as  it  does  not  experience  a  change  of  form,  has  been 
proved  i^  be  erroneoiis  by  the  experiments  of  Dulong  and  Petit, 

VAPOKIZATION, 

AeriArn  anbatances  are  commonly  divided  into  vaponrs  and  gases.  The 
character  of  the  Ibrmer  is,  that  they  may  be  readily  converted  into  liquids 
or  aolida,  either  by  a  moderate  increase  of  pressure,  the  temperature  at 
vrfaicfa  they  were  termed  remaining  the  same,  or  by  a  moderate  diminution 
of  that  temperatore,  withoat  chanjge  of  pressure.  Gases,  on  the  contrary, 
retain  their  eiaatic  stete  more  obstinately;  they  are  always  gaseous  at  com- 
man  temperatures,  and,  with  one  or  two  exceptions,  cannot  be  made  to 
change  their  fiirni,  anless  by  being  subjected  to  much  greater  pressure  than 
they  are  aatarally  expoeed  to.  Several  of  them,  indeed,  have  hitherto  re. 
aisled  every  eflbrt  to  compress  them  into  fiquids.  The  only  difference  be. 
iween  gaaes  and  vapours  is  in  the  relative  forcea  with  which  (hey  resist 


Heat  appears  to  be  the  cause  of  vaporization,  as  well  as  of  liquefaction, 
and  it  ia  a  general  opinion  that  a  sufficiently  intense  heat  would  convert 
every  Uquki  and  solid  into  vapour.  A  considerable  number  of  bodies,  how- 
ever,  resist  the  strongest  heat  of  our  furnaces  without  vaporizing.  These 
are  said  to  hefised'm.  the  fire :  those  which,  under  the  same  circumstonces, 
are  oooverted  into  vapour,  are  called  rMlatUe, 

The  disposition  of  varioas  substances  to  yield  vapour  is  veir  difierant; 
and  the  diffisrence  depends  doubtless  on  the  relative  power  of  cohesion  with 
which  they  are  endowed.  Liquids  are,  in  general,  more  easily  vaporized 
than  aoUds^  as  would  be  expected  from  the  weaker  cohesion  of  the  former. 
Some  aolids,  such  as  arsenic  and  sal  ammoniac,  pass  at  once  into  vapour 
without  being  liquefied ;  but  most  of  them  bepomo  liquid  before  assuming 
the  elastic  condition. 

Vapours  occupy  more  space  than  the  substances  from  which  they  were 
produced.  According  to  the  experimeate  of  Gay-Lussae,  water,  at  ito  point 
of  greatest  density,  in  paasing  into  vapour,  expands  to  1696  times  ite  vo- 
hnne,  alcohol  to  659  times,  and  ether  to  443  times,  each  vapour  being  at  a 
temperature  of  21S^  F.  and  under  a  pressure  of  39.93  inches  of  mercury. 
This  shows  that  vapours  diflfer  in  density.  Watery  vapour  is  lighter  than 
air  at  the  same  temperature  and  pressure,  in  the  proportion  of  1000  to  1604; 
or  the  density  of  air  heing  1000,  that  of  watery  vapour  is  625.  The  vapour 
of  alcohol,  on  the  contrary,  is  half  as  heavy  again  as  air ;  and  that  of  ether 
is  more  than  twice  and  a  half  as  heavy.  As  deohol  boils  at  a  lower  tempe- 
ratore than  water,  and  ether  than  alcohol,  it  was  conceived  that  the  densitv 
of  vapours  might  be  in  the  direct  ratio  of  the  volatility  of  the  liquida  whicn 
proditted  thenv  But  Gay.Lussac  has  showa  that  this  law  does  not  hold  ge- 
nerally; since  bisulphuret  of  carbon  boils  at  a  higher  temperaturs  tlum 
ctheTy  and  qevertbeless  it  yields  a  heavier  vapour, 

•  0altan*B  New  System  of  Chemical  Philosophy. 
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Tbe  diUUtion  of  vapoon  bgr  be«t  ww  ibimd  by  Qay4  uMif  to  ftltow  tile 
luno  Uw  M  gaaes,  that  is,  fhr  every  degToe  of  Fahrenheit,  th«j  ioenaae  hf 
^l^th  of  the  volume  they  oocopied  at  939,  But  the  law  does  not  hold  nn- 
lewi  the  quantiU  of  vapoiir  oontinne  the  aame.  If  the  inereaae  of  tempera, 
tare  cause  a  fresh  portion  of  vapour  to  rise,  then  tlie  «ipansion  will  be 
greater  than  T^^fth  lor  eaoh  degree ;  because  the  heat  not  only  dilates  th^ 
vapow  previooslv  existing  to  the  same  extent  as  if  it  were  a  real  gas,  bot 
augments  its  bulk  by  adding  a  fresh  quantity  of  vapour.  The  contraction 
of  a  vapour  on  oooling  will  likewise  deviate  from  the  above  law,  whenever 
the  odd  converts  any  of  it  into  a  liquid ;  an  eflbct  which  must  happen,  if 
the  apace  had  originally  contained  its  maximum  of  vapour.  The  circum. 
atances  just  explained  should  be  held  in  view,  whenever  the  influence  of 
heat  over  the  bulk  of  vapours  is  estimated  by  calculation.  Hie  Ibrmola  of 
page  21,  when  applied  to  vapours,  often  leads  to  a  result  which  would  be 
correct  for  any  gas,  but  which  may  be  untrue  in  the  case  of  vapour,  by 
reason  of  its  light  condensibility.  Thus  100  measures  of  steam  at  212^, 
and  when  the  barometer  u  at  30  inches,  would  theoreticaUy  occupy  nearly 
73  measures  at  32^,  and  at  the  same  pressure ;  but  this  estimate  is  jpnetu 
MUy  untrue,  because  under  the  conditions  specified  water  cannot  exist  in 
the  state  of  vapour.  The  calculated  result,  being  deduced  from  correct 
princi^es,  is  sometimes  employed  in  efiectin^  other  oalcidations. 

The  vdome  of  vapour  varies  under  varying  pressure  according  to  the 
same  law  as  that  of  gases,  provided  always  tJ^  the  gaseous  state  is  pra» 
served.  This  law,  discovered  by  fioyle  and  Mariotte,  is  more  fully  es- 
pUined  in  the  section  on  atmospheric  air,  and  merely  capit—es  the  fact  thai 
the  volumo  of  gaseous  substances  at  a  constant  temperature  is  inverady  as 
the  pressure  to  which  they  are  subject  If  100  measures  of  steam  at  2129, 
and  under  the  atmospheric  pressure,  be  expond  to  a  pressure  of  two  atmo- 
spheres,  the  vapour  will  be  entirely  condensed,  affording  an  instance  cf  Mh- 
ure  in  the  law  in  conseauence  of  the  gaseous  state  being  entirely  destroyed ; 
but  if  the  pressure  be  halved  instead  of  doubled,  the  100  measures  retain, 
ing  the  ffaseous  form,  and  hence  acting  as  a  gas,  will  expand  to  200  i 


sures.  In  fiict,  if  e  be  the  volume  corrcwpondinff  to  any  pressure  ji,  expresBi 
ed  in  inches  of  mercury,  we  shall  have  -Y^jp^szil;  um|  hence  e^lOO.  -Sf , 
This  formula  gives  the  change  of  volume  due  to  a  change  of  pressure  from 
90  to^,  the  temperature  being  supposed  at  212^  in  both  cases.  To  render 
the  preoeding  paragraph  intelligible  to  the  young  student,  it  should  be  men. 
tioned  that  pressure,  in  reference  to  the  volume  of  gaseous  matter,  is  usual- 
hr  expressed  by  the  length  of  a  column  of  mercniT!  a  mercurial  column, 
iO  inches  in  length,  presses  on  a  given  surface  witli  the  same  fi>rce  as  the 
atmoephere  in  its  ordinary  state;  and  hence  a  00-inch  column  is  equal  to 
two  atmospheres,  15  inches  to  half  an  atmosphere,  and  one  inch  to  l^Oth 
of  the  atmospheric  pressure. 

Yaporixation  is  conveniently  studied  under  two  heads, — ^uUUim  and 
Bpaparatwn,  In  the  first,  the  production  of  vapour  is  so  rapid  that  its  ea. 
cape  i^ives  rise  to  a  visible  commotion  in  the  liquid ;  in  the  second,  it  passes 
off  quietly  and  insensibly. 

BbmUitwn. — ^Thc  temperature  at  which  vapour  rises  with  sufficient  froe. 
dom  for  causing  the  phenomena  of  ebullition,  is  called  the  hoUing  point.  The 
heat  requisite  for  this  effect  varies  with  the  nature  of  the  liquid.  Thus,  nil- 
pfauric  ether  boils  at  96^  F.,  alcohol  at  IICP,  and  pure  water  at  212^' ; 
while  oil  of  turpentine  must  be  raised  to  310°,  and  mercury  to  eG3P^  before 
either  exhibito  marks  of  ebullition.  The  boiling  point  of  the  same  liquid  is 
ooostant,  so  long  as  the  necessary  conditions  are  preserved;  but  it  is  liable 
to  be  ailbcted  by  several  circumstances.  The  nature  of  the  vessel  has  some 
influenoe  upon  it  Thus  Gay-Lussac  observed  that  pure  water  boils  precisely 
at  212<>  in  a  metallic  vessel,  and  at  214°  in  one  of  glass,  owinr  apparently  to 
Its  adhering  to  glass  more  powerfully  than  to  a  metat  It  is  likewise  afibcted 
by  the  presence  of  foreign  particles.  The  samt  accurate  experimenter  found, 


tfitt  when  m.  fmr  iron  fittnn  are  thrown  into  water,  boiUDg  m  a  glaM  tciwoT, 
its  temperature  quickly  fiUls  from  214^  to  21S^>,  and  reniaihs  fltatiooary  at 
the  bUer  point  Bat  the  circumstance  which  has  the  greatest  influenee  over 
the  boiliDg  point  of  fluids  is  variation  of  pressure.  All  bodies  upon  the  earth 
are  constuiU/ exposed  to  considerable  pressure;  for  the  atmosphere  itself 
presses  with  a  force  equivalent  to  a  weight  of  15  pounds  on  every  square 
inch  of  sur&oe.  Liquids  are  exposed  to  this  pressure  as  well  as  solids,  and 
their  tendency  to  take  the  form  of  vapour  is  very  much  counteracted  by  it 
In  &et,  they  cannot  enter  into  ebullition  at  all,  till  their  partides  have  ac- 
quired such  elastic  fi>roe  as  enahles  them  to  overcome  the  pressure  upon  their 
sor&oes ;  that  is,  till  they  press  against  the  atmosphere  with  the  same  force 
as  the  atmosphere  against  them.  Now  the  atmospheric  pressure  is  variable, 
and  henoe  it  foDows  that  the  boiling  point  of  liquids  must  also  vary. 

The  pressure  of  the  atmosphere  b  equal  to  a  weight  of  15  pounds  on  every 
■qoare  inch  of  surfrce,  when  the  barometer  stands  at  30  inches,  and  then 
only  does  water  boil  at  312^  F.  If  the  pressure  be  leas,  that  is,  if  the  bare 
meter  ikfl  below  90  inches,  then  the  boiling  point  of  water,  and  of  every  other 
Jiqnid,  wiH  be  lower  than  usual ;  or  if  the  barometer  rise  above  30  mchee, 
the  temperature  of  ebullition  will  be  proportionally  increased.  This  is  the 
reasQo  why  water  boils  at  a  lower  temperature  on  the  top  of  a  hiH  than  in 
the  vaUcj  beneath  it ;  for  as  tlie  column  of  air  diminishes  in  length  as  we 
aeoend.  Us  pressure  must  likewise  suffer  a  proportional  diminution.  ITie 
iatk>  between  the  depression  of  the  boiling  point  and  the  diminution  of  the 
atmospheric  pressnre  is  so  exact,  that  it  has  been  proposed  as  a  method  for 
determining  the  height  of  mountainsu  An  elevation  of  530  feet  makes  a 
difflinntioo  of  one  degree  of  Fahrenheit  (Mr.  Wollaston  in  Phil.  Trans,  for 
1817.) 

The  influenee  of  the  atmosphere  over  the  point  of  ebullition  is  best  shown 
fay  removing  ito  pressure  altogether.  7*he  late  Professor  Robison  found  that 
liquids  b(ul  in  wteuo  at  a  temperature  140  degrees  lower  than  in  the  open 
air.  (Black*s  liectures,  p.  151.)  Thus  water  boils  in  vacuo  at  109 ^  alcohol 
at  3G°,  and  ether  at  — 44°  F.  This  proves  that  a  liquid  is  not  necessarilr 
hot,  because  it  boils.  The  heat  of  the  hand  is  sufficient  to  make  water  boil 
in  a  vacuum,  as  is  exemplified  by  the  common  pulse-glass ;  and  etlier,  under 
the  same  circumstances,  will  enter  into  ebullition,  though  its  temperature  be 
low  enoqgh  £>r  freezing  mercury. 

Water  cannot  be  heated  under  common  circumstances  beyond  219^;  be- 
cause it  then  acquires  such  expansive  force  as  enables  it  to  overcome  the 
atmospheric  pressure,  and  fly  off  in  the  form  of  vapour.  But  if  subjected  to 
avffidenl  pressure,  it  may  be  heated  to  any  extent  without  boiling.  This  is 
best  done  by  heating  water  while  confined  in  a  strong  copper  vessel,  celled 
Papin's  digester.  In  this  apparatus,  on  the  application  of  heat,  a  large  quan- 
tity of  vapoar  ooUecte  above  the  water,  and  checks  ebullition  b^  the  pressure 
which  it  exerte  upon  the  surface  of  the  liquid.  There  is  no  limit  to  the  de- 
cree to  which  water  may  thus  be  heated,  provided  the  vessel  is  strong 
enough  to  confine  the  vapour;  but  the  expansive  force  of  steam  under  these 
circnrastancM  is  so  enormous  as  to  overcome  the  greatest  resistance. 

In  estimating  the  power  of  steam  it  should  be  remembered  that  vapour,  if 
separated  froni  the  liquid  which  produced  it,  does  not  possess  greater  elasti- 
city  than  an  equal  quantity  of  air.  If,  for  example,  the  digester  were  full  of 
steam  at  212^,  no  water  in  the  liquid  stote  being  present,  it  might  be  heated 
to  any  degree,  even  to  redness,  without  danger  of  bursting.  But  if  water  be 
present,  Uien  each  addition  of  heat  causes  a  fresh  portion  of  steam  to  rise, 
which  adds  ite  own  elastic  force  to  that  of  the  vapour  previously  existing; 
and,  in  consequence,  an  excessive  pressure  is  soon  exerted  a^nst  the  inside 
of  the  vessel  Professor  Robison  (Brewster's  edition  of  his  works,  p.  25) 
found  that  the  tension  of  steam  is  equal  to  two  atmospheres  at  244°,  and  to 
tluee  at  270°  F.  The  resulU  of  Mr.  Southern's  experiments,  given  in  the 
Tofaune,  ^  upon  250*3*^  as  the  temperature  at  which  steam  has  the 


44 


BB4T. 


force  of  two  atmospheres,  on  293.4<'  for  fbnr,  and  343*6^  fbr  ei^ht  atmo- 
q>here8. 

Thif  lubject  hu  been  lately  examined  by  a  oommiesion  appointed  hj  tbe 
Parieian  Academy  of  Sciences,  and  Dulonff  and  Arago  took  a  leading  part 
in  the  inquiry.  The  results,  which  are  men  in  the  following  tabte,  were 
obtained  by  experiment  up  to  a  pressure  of  35  atmospheres,  and  at  higher 
pressures  by  calculation.    (Brande*s  Journal,  N.  S.  vii.  191.) 


Elasticity  of  the 
vapour,  taking 
atmospheric 
prcM.  as  unity. 

i* 
I* 
I* 

41 
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51 

6 

61 
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7* 

8 

9 
10 
11 
13 


Temperatara  ac* 
cording  to 
Fahrenlieit. 

212° 

233.96 

250.53 

263.84 

275.18 

285.08 

293.73 

300J38 

307.5 

314.24 

330.36 

326.36 

331.70 

336.86 

341.78 

350.78 

358.88 

366.85 

374.00 


Elasticity  of  the 
vapour,  taking 
atmOTphpric 
press,  as  unity. 
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34 

35 

30 

35 

40 

45 

50 


Temperature  ac- 
cording to 
Fahrenlieit. 


386.94 
393.86 
39a48 
403.82 
408.92 
413.78 
418-46 
432.96 
427.38 
431.43 
435.56 
439.34 
457.16 
473.73 
486.59 
491.14 
510.60 


The  elasticity  of  steam  is  employed  as  a  moving  power  in  the  steam, 
engine.  The  construction  of  this  machine  depends  on  two  properties  of  steam, 
namely,  the  expansive  force  communicated  to  it  by  heat,  and  its  ready  con- 
version into  water  by  cold.  The  effect  of  both  these  properties  is  well  shown 
bv  a  little  instrument  devised  by  Dr.  Wollaston.  It  consists  of  a  cylindrical 
glass  tube,  six  inches  long,  nearly  an  inch  wide,  and  blown  out  into  a  spheri. 
cal  enlargement  at  one  end.  A  piston  is  accurately  fitted  to  the  cylinder,  so 
as  to  move  up  and  down  the  tube  with  freedom.  When  the  {nston  is  at  the 
bottom  of  the  tube,  it  is  forced  up  by  causin|r  a  portion  of  water,  previously 
placed  in  the  ball,  to  boil  by  means  of  a  spirit-lamp.  On  dipping  the  baU 
into  cold  water,  the  steam  which  occupies  the  cylinder  is  suddenly  condensed, 
and  the  piston  forced  down  by  the  pressure  of  the  air  above  it  By  the  alter- 
nate application  of  heat  and  cold,  the  same  movements  are  reproduced,  and 
may  be  repeated  for  any  length  of  time. 

The  moving  power  of  the  steam-eno^ine  is  the  same  as  in  this  apparatus. 
The  only  essential  difference  between  them  is  in  the  mode  of  condensing  the 
steam.  In  a  steam-engine,  the  steam  is  condensed  in  a  separate  vessel, 
called  the  condenger^  where  there  is  a  regular  supply  of  cold  water  for  the 
purpose.  By  this  contrivance,  which  constitutes  the  great  improTement  of 
Watt,  the  temperature  of  the  cylinder  never  falls  below  312^. 

The  formation  of  vapour  u  attended,  like  liquefaction,  with  loss  of  sensible 
heat  This  is  proved  by  the  well-known  fact  that  the  temperature  of  steam 
is  precisely  the  same  as  that  of  the  boiling  water  from  which  it  rises ;  so 
that  all  the  heat  which  enters  into  the  liquid  is  solely  employed  in  convert- 
ing a  portion  of  it  into  vapour,  without  affecting  the  temperature  of  either  in 
the  slightest  degree,  provided  the  latter  is  permitted  to  escape  with  freedom. 
The  heat  which  then  becomes  latent,  to  use  the  language  of  Black,  is  again 
set  free  when  the  vapour  is  condensed  into  water,    The  exact  quantity  of 
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ImiI  rendered  iineiirible  bf  Ttporiiatioii,  hmj,  &erefibre,  be  uoortained  bj 
flondeBBng  the  vapoar  in  cold  water,  and  c^wervinif  the  riae  of  temperatare 
which  ensiiea.  From  the  experiments  of  Black  and  Watt,  conducted  on  thta 
vrinci^e,  it  appears  that  steam  of  213°,  in  being  condensed  into  water  of 
xISP,  gives  out  as  much  heat  as  would  raise  the  temperature  of  an  equal 
weight  of  water  by  950  degrees,  all  of  which  had  previously  existed  in  the 
Tapoor  without  beinff  sensible  to  a  thermometer. 

The  latent  heat  of  steam  and  several  other  vapours  has  been  examined  by 
Dr.  Ure,  whoee  results  are  contained  in  the  following  table.  (PhiL  Trans. 
Ar  181&} 

Latent  beat. 

Vapour  of  water  at  its  boiling  point  .  967^ 

Alcohol  .443  '    ; 

Ether 302*379 

Petrolenai     .....  177*87 

Oil  of  turpentine  .  ..  177*87 

Nitncadd 531-99 

Liquid  ammonia  .  837*28 

Vin^^         .....  875 

The  disappearance  of  heat  that  accompanies  vaporization  was  explained  by 
Bbck  and  Irvine,  in  the  way  already  mentioned  under  the  head  of  liquefac- 
tion; and  as  the  objections  to  the  views  of  the  latter  ingenious  chemist  were 
t}ien  stated,  it  is  unnecessary  to  mention  them  on  the  present  occasion. 

The  variation  of  volume  and  elasticity  in  vapours  is  attended,  as  in  gases, 
with  a  change  of  specific  heat  and  a  consequent  variation  of  temperature^ 
(Page  35.)  Thus  when  steam,  highly  heated  and  compressed  in  a  strong 
Imkr,  is  permitted  to  escape  by  a  large  aperture,  the  sudden  expansion  is 
attended  with  a  great  loss  of  sensible  neat :  its  temperature  instantly  sinks 
so  much,  that  the  hand  may  be  held  in  the  current  of  vapour  without  in- 
eonvenience.  The  same  principle  accounts  for  the  fact,  first  ascertained  by 
Watt,  that  ^stiUaUon  at  a  low  temperature  is  not  attended  with  any  saving 
of  fbid.  For  when  water  boils  at  a  low  temperature  in  a  vacuum,  the  vapour 
is  in  a  highly  expanded  state,  and  contains  more  inseupible  heat  than  steam 
of  greater  density.  From  some  experiments  by  Mr.  Sharpe  in  the  Man- 
cbnCer  Memoin,  and  also  by  Clement  and  Desormes,  (Thenard^s  Chemistry, 
L  79,  5th  Ed.)  it  appears  that  the  sum  of  the  sensible  and  insensible  beat 
eontained  in  equal  weights  of  steam  is  exactly  the  same  at  all  temperatures. 
Thus,  steam  at  212^,  when  condensed  and  reduced  to  32^,  gives  out  950  do- 
mes of  insensible  and  180  of  sensible  heat,  the  sum  of  which  is  1130. 
ne  same  weight  of  steam  at  250^,  on  being  condensed  and  cooled  to  32^i 
gives  out  likewise  1130  degrees,  of  which  218  are  sensible  and  912  insensible 
heai;  whereas  at  100^  its  sensible  heat  is  only  68°,  and  insensible  ]062o, 
fermhy  the  constant  sum  of  1130.  The  same  is  found  by  Despretz  to  be 
tme  or  varioos  other  vapours,  such  as  that  of  alcohol,  ether,  and  turpentine. 

JSbsjMrefMm.  Evaporation  as  well  as  ebullition  consists  in  the  formation 
of  vapour,  and  the  omy  assignable  difference  between  them  is,  that  the  one 
takes  place  quietly,  the  other  with  the  appearance  of  boiling.  Evaporation 
oeeon  at  oommon  temperatures.  This  fiict  may  be  proved  by  exposing 
water  in  a  shallow  vessel  to  the  air  for  a  few  days,  when  it  will  mdually 
dlminirfi,  and  at  last  disappear  entirely.  Most  liquids,  if  not  all  of  them,  are 
eoBoeptible  of  this  gradual  dissipation ;  and  it  may  aUo  be  observed  in  some 
eoUds,  as  far  example  in  camphor.  Evaporation  is  much  more  rapid  in 
Mme  liquids  than  in  others,  and  it  is  always  found  that  those  liquids,  the 
boiling  point  of  which  is  lowest,  evaporate  with  the  greatest  rapidity.  Thus 
alcohol,  which  boils  at  a  lower  temperature  than  water,  evmporates  also  tnore 
freely ;  and  ether,  whose  point  of  ebullition  ia  yet  lower  than  that  of  alcohol, 
evamntes  with  still  greater  rapidity. 

The  chief  circumstances  that  influence  the  process  of  evaporation  are  ex- 
tant ofBorfiuie,  and  the  state  of  the  air  as  to  temperature,  diyness,  stilbaess, 
anddeosi^. 
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1.  Extent  of  tur&ce.  Evaporatioii  prooeeds  only  from  the  surimoe  of 
liquids,  and,  therefore,  emUrit  paribut^  must  depend  upon  the  extent  of  sor- 
fiwe  exposed. 

3.  Temperatore.  The  effect  of  heat  in  promoting  eTaporation  may  eesilj 
be  diown  by  putting  an  equal  quantity  of  water  into  two  saucers,  one  of 
whieh  is  placed  in  a  warm,  the  other  in  a  cold  situation.  The  Ibrmer  wiU 
be  quite  dry  before  the  latter  has  suffered  appreciable  diminution. 

3.  State  of  the  air  as  to  dryness  or  moisture.  When  water  is  covered  by 
a  stratum  of  dry  air,  the  evaporation  is  rapid  even  when  its  temperature  is 
low.  Thus  in  dry  cold  days  m  winter,  the  evaporation  is  exceedingly  rapid ; 
whereas  it  goes  on  very  tardily,  if  the  atmosphere  contain  much  vapour, 
even  though  the  air  be  very  warm. 

'4.  Evaporation  is  far  slower  in  still  air  than  in  a  current,  and  for  an  ob- 
vious reason.  The  air  immediately  in  contact  with  the  water  soon  becomes 
moist,  and  thus  a  check  is  put  to  evaporation.  But  if  the  air  be  removed 
from  the  surface  of  the  water  as  soon  as  it  has  become  charged  with  vapour, 
and  its  place  supplied  with  fiesh  dry  air,  then  the  evaporation  continues  with^ 
out  interruption. 

5.  Pressure  on  the  surface  of  liquids  has  a  reiqarkable  influence  over  eva. 
poration.  This  is  easily  proved  by  placing  ether  in  the  vacuum  of  an  air. 
pomp,  when  vapour  rises  so  abundantly  as  to  produce  ebullition. 

As  a  large  quantity  of  heat  passes  from  a  sensible  to  an  insensible  state 
during  the  formation  of  vapour,  it  follows  that  cold  should  be  generated  by 
evaporation.  The  faet  may  readily  be  proved  by  letting  a  few  drops  of  ether 
evaporate  from  the  hand,  when  a  strong  sensation  of  cold  will  be  excited ;  or 
if  tne  bulb  of  a  thermometer,  covered  with  lint,  be  moistened  with  ether,  the 
production  of  cold  will  be  marked  by  the  descent  of  the  mercury.  But  to 
appreciate  the  degree  of  cold  which  may  be  produced  b^  evaporation,  it 
is  necessary  to  render  it  very  rapid  and  abundant  by  artificial  processes; 
and  the  beat  means  of  doing  so,  is  by  removing  pressure  from  the  surface  of 
volatile  liquids.  Water  placed  under  the  exhausted  receiver  of  an  air-pump 
evaporates  with  great  rapidity,  and  so  much  cold  is  generated  as  would 
freeze  the  water,  did  the  vapour  continue  to  rise  for  some  time  with  the  same 
velocity.  But  the  vapour  iUelf  soon  fills  the  vacuum,  and  retards  the  eva. 
poration  by  pressing  upon  the  surface  of  the  water.  This  difficulty  may  be 
avoided  by  putting  under  the  receiver  a  substance,  such  as  sulphuric  acid, 
which  has  the  property  of  absorbing  watery  vapour,  and  consequently  of 
removing  it  as  quickly  as  it  is  formed.  Such  is  the  principle  of  Leslie's 
method  ror  fVeczing  water  by  its  own  evaporation.* 

The  action  of  the  cryophorus,  an  ingenious  contrfvance  of  'the  late  Dr. 
WoUaston,  depends  on  the  same  principle.  It  consists  of  two  glass  balls, 
perfectly  free  from  air,  and  joined  together  by  a  tube  as  here  represented. 


c 


One  of  the  balls  eontains  a  portion  of  distilled  m^r,  while  the  other  parts 
of  the  instrument,  which  appear  empty,  are  full  of  aqueous  vapour,  which 
checks  the  evaporation  from  the  water  by  the  pressure  it  exerts  upon  its  sur- 
face. But  when  the  empty  ball  is  plunged  into  a  freezing  mixture,  all  the 
vapour  within  it  is  condensed ;  evaporation  commences  from  the  surface  of 
the  water  in  the  other  ball,  and  it  is  frozen  in  two  or  three  minutes  by  the 
cold  thus  produced. 

Liquids  which  evaporate  more  rapidly  than  water,  cause  a  still  greater 
reduction  of  temperature.    The  cold  produced  by  the  evaporation  of  ether 

*  See  art  Cold,  in  the  Supplement  to  the  Encyclopedia  Britanntca. 
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in  the  Ttciram  of  the  eir-pamp,  is  eo  inteiue  as,  under  (ayoaraUe  eircuni- 
itenoes,  to  freese  mereary.* 

Sctentific  men  hate  differed  concerning  the  caoae  of  evaporation.  It  wan 
oDoe  suppoaed  to  be  owing  to  chemical  attraction  between  the  air  and  water, 
and  the  idea  ia  at  first  view  plaasiUe,  aince  a  certain  deme  of  affinity  does 
to  all  appearanee  enat  between  them.  But  it  la  nevertheless  impossible  to 
attribote  the  effect  to  this  cause.  For  evaporation  takes  place  equally  in 
ssesa  as  in  the  air ;  nay,  it  is  an  established  fact,  that  the  atmosphere  posi. 
^nAf  retards  the  process,  and  that  one  of  the  best  means  of  accelerating  it, 
is  hy  removing  the  air  altogether.  The  experiments  of  Dalton  prove  that 
heat  is  the  tme  and  only  cause  of  the  formation  of  vapour.  He  finds  that 
the  actual  quantity  of  vapour,  which  can  exist  in  any  given  space,  is  de- 
pendeot  ab&ely  upon  the  temperature.  If^  for  instance,  a  little  water  be  put 
into  a  dry  glfUH  flask,  a  quantity  of  vapour  will  be  formed  proportionate  to 
the  temperature.  If  a  thermometer  placed  in  it  stands  at  32°,  the  flask  wiU 
oontain  a  very  small  quantity  of  vapour.  At  40°,  more  vapour  will  exist  in 
it;  at  50°  it  will  contain  atiU  more;  and  at  60°,  the  quantity  will  be  still 
liirtfaer  augmented.  If^  when  the  thermometer  is  at  60°,  the  temperature  of 
the  flask  Ik  suddenly  reduced  to  40°,  then  a  certain  portion  of  vapoor  will 
he  converted  into  water ;  the  quantity  which  retains  the  elastic  form  being 
pieeisely  the  same  as  when  the  temperature  was  originally  at  40°. 

It  mat&era  not,  with  regard  to  these  changea,  whether  the  flask  ia  full  of 
air,  or  altogether  empty ;  for  in  either  case,  it  will  eventually  contain  the 
same  qnantitr  of  vapour,  when  the  thermometer  ia  at  the  same  height  The 
cmly  diect  or  a  difference  in  this  respect,  is  in  the  rapidity  of  evaporation. 
The  flask,  if  previously  empty,  acquires  its  full  comi^ement  of  vapour,  or,  in 
oommon  language,  becomes  saturated  with  it,  in  an  instant;  whereas  the 
presence  of  air  affbrds  a  mechanical  impediment  to  its  passage  from  one 
part  of  tbeflaak  to  another,  and,  therefore,  an  appreciable  time  elapses  before 
the  whole  space  is  saturated. 

Dahon  found  that  the  tension  or  elasticity  of  vapour  is  always  the  same, 
however  much  the  pressure  may  vary,  so  long  as  the  temperature  remains 
constant,  and  there  is  liquid  enough  present  to  preserve  the  state  of  satura* 
tioo  proper  to  the  temperature.  Iff  for  example,  in  a  flaccid  bladder  contain- 
ing' a  little  water,  the  pressure  on  its  surface  be  diminiahed,  the  vapour  in 
the  interior  will  expand  proportionally,  and  consequently  for  the  moment 
wiU  diminish  in  elasticity,  because  the  tension  of  gaseous  substances  at  a 
eoDstant  temperature  diminishes  in  the  same  ratio  as  the  volume  increases, 
or,  in  other  words,  the  elasticity  varies  inversely  as  the  volume ;  but  the  va- 
poor in  the  bladder  will  speedily  recover  its  original  tension,  since  the  water 
win  yield  an  additional  quantity  of  vapour  proportional  to  the  increase  of 
space.  Again,  if  the  pressure  on  the  bladder  be  increaaed  so  as  to  diminish 
its  capacity,  the  temperature  remaining  constant,  the  tension  of  the  confined 
vapoor  will  still  continue  unchanged,  because  a  portion  of  it  will  be  con- 
densed  proportional  to  the  diminution  of  apace ;  so  that,  in  fact,  the  remain- 
ing space  contains  the  very  same  quantity  of  vapour  as  it  did  originally. 
The  same  law  holds  good,  whether  the  vapour  is  pure,  or  mixed  with  air  or 
any  other  gas. 

The  elasticity  of  watery  vapour  at  temperatures  below  312°  was  care- 
fiilly  examined  by  Dalton,  (Manchester  Memoirs,  vol.  v.) ;  and  his  results, 
together  with  thoee  since  published  by  Dr.  Ure,  in  the  Philosophical  Trans- 
actions fi>r  1818,  are  presented  in  a  tabular  form  at  the  end  of  the  volume. 
"nwy  were  obtained  by  introducing  a  portion  of  water  into  the  vacuum  of  a 
common  barometer,  and  estimating  the  tension  of  its  vapour  by  the  extent 
to  which  it  depressed  the  column  of  mercury  at  different  temperatures.  But 
Dalton  did  not  confine  his  researches  to  water ;  he  extended  them  to  the 
▼apoor  of  variooa  liquids,  such  as  ether,  alcohol,  ammonia,  and  solution  of 

•See  a  paper  by  the  kte  Dr.  Marcet,in  NiofaolMm's  Journal, toL  xxziv. 
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chloride  of  ealciam,  uid  he  inferred  from  them  the  following  law :— that  0io 
force  of  vapour  from  all  liqaida  is  the  same,  at  equal  distances  above  or  be* 
low  the  several  temperatures  at  which  they  boil  in  the  open  air.  Sabae- 
qnent  observations  by  Dr.  Ure,  Despretz,  and  others,  have  proved  that  the 
law  is  fiur  fiom  univmal,  and  that  it  fiiila  remarkably  at  temperatures  dis- 
tant from  the  point  of  ebullition:  it  has,  indeed  been  abandoned  by  DalUm 
himself. 

A  knowledge  of  the  influence  of  heat  and  pressure  over  the  volume  of 
sous  matter  is  elegantly  employed  in  calculating  the  density  of  vapour ; 
before  giving  the  mode  of  makinjr  the  calculation,  it  will  be  useful  to 


gaseous  matter  is  elegantly  employed  in  calculating  the  density  of  vapour ; 
out  before  giving  the  mode  of  makinjr  the  calculation,  it  will  be  useful  to 
explain  what  is  meant  by  deruity.  This  term  is  generally  used  synony- 
mously with  specific  gravity^  and  indicates  the  compactness  of  a  substance, 
or  the  quantity  of  ponderable  matter  contained  in  a  body  compared  with  the 
space  which  it  occupies.  The  density  of  a  substance  is  found  by  dividing 
its  weight  by  its  volume.  Thus,  if  d,  10,  e,  represent  the  density,  weight, 
and  volume  of  aqueous  vapour,  and  d',  u/^  1/,  the  density,  weight,  and  volume 

of  «ir,  then  das — «  and  d'^—.    Hence,  comparing  these  densities,  d  i 

V  V 

w   10' 
d'  : :  — : Tt  if  the  vdumes  are  equal,  then  d  :  d^  : :  w  :  to' ;  and  if  the 

weights  are  equal,  d  :  ^  :  : — :  — .     Consequently,  the  density  of  sub- 

ilances  which  have  an  equal  volume,  is  directly  as  their  weight ;  and  when  the 
weights  are  equal,  the  densities  are  inversely  as  the  volumes.  Accordingly, 
if  we  weigh  an  equal  volume  of  any  number  of  substances,  temperature  and 
pressure  bein|r  the  same  in  all,  the  density  of  each  respectively  wili  be  re- 
presented by  Its  weight  Thus,  G^y-Luasac  ascertained  that  if  a  certain  vo- 
lume of  air  at  S12°  and  30  Bar.  weigh  1000  grains,  an  equal  volume  of 
aqueous  vapour,  at  the  same  temperature  and  pressure,  will  weigh  635 
grains;  and,  therefore,  the  density  of  steam  is  6S£s  compared  to  that  of  air 
as  1000.  Atmospheric  air  is  universally  taken  as  a  term  of  comparison  for 
the  density  of  gaseous  substanoes,  and  pure  water  for  that  of  liquids  and 
solids. 

As  gases  expand  and  contract,  from  varying  temperature  and  pressure* 
aooonfing  to  the  same  laws,  it  fellows  that  the  densities  found  at  any  one 
temperature  and  pressure  are  constant  for  all  others.  Thus  if  air  is  twice 
as  heavy  as  an  equal  volume  of  a  certain  gas,  both  being  weighed  at  33^ 
and  30  Bar.,  the  same  ratio  will  be  found  at  32^  and  15  Bar.,  and  at  313o 
and  30  Bar.  The  same  remark  applies  to  vapours,  except  when  they  snflcr 
condensation.  For  example,  the  density  of  air  and  steam,  both  being  weigh- 
ed at  2190  and  30  Bar.,  is  expressed  by  1000  and  625 :  the  same  ratu>  is  pre- 
served  at  212^  and  at  any  other  preesure  less  than  30  Bar.,  because  in  that 
case  the  vapour  will  expand  like  air ;  but  if  the  pressure  be  increased,  or  the 
temperature  diminished,  condensation  occurs,  and  the  density  of  the  vapour 
fells  below  625.  Hence  it  hsppens  that  the  density  of  vapours  varies  with 
the  temperature,  as  is  exemi^ified  by  the  following  table,  showing  the 
greatest  density  of  aqueous  vapour  at  the  temperatures  stated,  the  oorre- 
spnnding  elasticities  agreeably  to  Dalton^s  table,  and  the  weight  of  100 
cubic  inches  <^the  vapour. 


EUsUcity  in 

Weight  of 

Temp. 

inches  of  mercury. 

Density. 

100  cubic  inches. 

32^  F. 

0.2 

5.7292 

0.13716  grains. 

500 

0.375 

10.3539 

0ii478  1 
*  0.3394  ^ 

6O0 

0JS24 

1418306 

1000 

1.860 

46.6697 

1.117 

150O 

7.42 

170.B1 

4.084 

2120 

30 

625 

14.96 

In  cakulating  these  densities,  it  is  assumed  that  the  laws  of  gaseous  ex- 
pansion by  varying  heal  and  pfessure  are  tme^-^that  the  density  of  steam  at 
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2139  F.  and  90  Bur.  is  635,  eompaied  to  air  at  the  eame  temperatura  and 
pmsiire  as  1000,-"and  that  100  cubic  inches  of  air  at  21SP  uid  30  Bar. 
weigh  23.94  grains.  The  fbrmola  for  the  calculation  is  thus  deduced  >— If 
d  is  the  densitj  of  aqueous  vapour  at  any  pressure  p^  then  since  both  the 
densitj  and  elasticity  of  gaseous  substances  tstt  inversely  as  their  volume, 
the  dnuity  and  elasticity  are  proportional  to  each  other ;  so  that  d  :  625  : 

p  :  30,  and  hence  tf=G25.^.    This  gives  the  density  of  aqueous  vapour  at 

313°,  and  with  an  elasticity  equal  to  p.  In  this  state  the  vapour  is  rarefied, 
and  will  admit  of  being  cxwled  down  to  a  certain  point,  but  not  lower,  say  to 
f  degrees  above  32°,  without  condensation ;  and  when  it  has  reached  that 
point,  its  density  has  acquired  a  maximum.  Its  elasticity  remains  un. 
changed,  because  the  loss  of  tension  due  to  loss  of  heat  is  compensated  for 
by  dunlnuUoii  of  volame.  Its  density  has  increased  exactly  in  the  same 
ratio  as  its  Tolnnie  has  diminished,  and,  therefore,  the  formula  of  page  21  in- 
verted win  give  the  increased  density  owing  to  decrease  of  temperature. 

Heooe  we  shall  baye  <i=s625-^  Amii — '    ^^^  example,  if  we  wish  to  oal- 

colate  the  greatest  density  of  aqueous  vapour  at  100^  F.,  then  f=68,and  the 
elaaticity  <h  that  Taponr  by  Dalton^s  table  is  1.86.    Inserting  these  values  of 

1.86  660 
I  and  p  in  the  preceding  formula,  we  shall  find  J=625.— ^- =^s46.6697. 

It  admits  of  inquiry  whether  liquids  of  weak  volatility,  such  as  mercury 
and  oil  of  vitriol,  give  off  any  vapour  at  common  temperatures.  An  opintoa 
hss  prevailed,  that  evaporation  not  only  takes  place  from  the  sur&ce  of  these 
and  similar  liquids  at  all  times,  but  that  vapour  of  exceedingly  weak  ten. 
sicn  is  emiiled  at  common  temperatures  firom  all  substances  however  fixed 
in  the  fire,  even  from  the  earths  and  metals,  when  they  are  either  in  a  va- 
cuuoi,  or  surrounded  by  gaseous  matter.  It  has  accordingly  been  supposed, 
thai  the  atmoapbere  contains  difi[iised  through  it  minute  quantities  of  the  va- 
pours of  all  the  bodies  with  which  it  is  in  contact ;  and  this  idea  has  been 
made  the  basis  of  a  theory  of  the  origin  of  meteorites.  But  this  doctrine  has 
been  successfully  combated  by  Mr.  Faraday,  in  his  essay  On  the  Existence 
of  a  LimH  to  Vaporization,  published  in  the  PhilosophioEd  Transactions  for 
XS26,  The  argument  employed  by  Mr.  Faraday  is  founded  on  the  princi]de 
by  which  the  late  Dr.  WoUaston  accounted  for  the  limited  extent  of  the  at- 
moqihere.  Since  the  volume  of  gaseous  substances  is  dependent  on  the 
pressure  to  which  they  are  subject,  the  air  in  the  higher  regions  of  the  atmo- 
sphere must  be  much  more  rare  than  that  in  the  lower,  because  the  former 
sttstsins  the  pressure  of  a  shorter  atmospheric  column  than  the  latter ;  so 
that  in  ascending  upwards  from  the  earth,  each  successive  stratum  of  air, 
being  leas  compressed  than  the  foregoing,  is  likewise  more  attenuated.  Now 
it  is  fimnd  experimentally,  that  the  elasticity  or  tension  of  any  gaseous  mat- 
ter diminishes  in  the  same  ratio  as  its  volume  increases ;  and,  accordingly, 
whenever  the  tenuity  of  a  portion  of  air,  owmg  to  its  distance  from  the 
earth's  surface,  or  any  other  cause,  b  exceedin|H^  great,  its  tension  is  ex- 
oeedingly  small.  Reasoning  on  this  principle,  Wolfaston  conceived  that  at 
a  certain  altitude,  probably  at  a  distance  of  40  or  50  miles  fFom  the  surftce 
of  the  earth,  the  rarefaction  and  consequent  loss  of  elastic  force  is  so  ex- 
treme, that  the  mere  gravity  of  the  particles  becomes  equal  to  their  elas- 
ticity and  thus  puts  a  limit  to  their  separation. 
What  WoOaston  suggested  of  aerial  particles,  Mr.  Faraday  supposes  to 
'  in  all  substances ;  and  this  supposition  is  perfectly  legitimate,  becauK 
nis  matter  in  ^neral  is  subject  to  the  same  law  of  expansion,  and  is 
vise  under  the  mfiuence  of  gravity.  He  infers  that  every  kind  of  mat- 
ter ceases  to  assume  the  elastic  form,  whenever  the  gravitation  of  its  parti- 
dee  is  stronger  than  the  elasticity  of  its  vapour.  The  loss  of  tension  ne- 
cessary Ibr  e&cting  this  object  may  be  accomplished  in  two  ways,  either 
by  extreme  dilaUtion,  or  by  cold    For  substances  of  great  volatility,  suoh 
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as  air  and  most  gaaea,  the  former  condition  is  necessary  ;  because  the  de- 
gree of  cold  which  we  can  command  at  the  earth's  surftce  diminishes  their 
tension  in  a  degree  quite  insufficient  to  destroy  their  elasticity,  fiut  the  vo- 
latility  of  numerous  bodies  is  so  small,  that  their  vapour  at  common  tempe- 
ratures approximates  in  rarity  to  the  air  at  tlie  limits  of  the  atmosphere,  and 
a  small  degree  of  cold  may  suffice  for  rendering  its  elasticity  a  force  inferior 
to  its  opponent,  gravity.  In  that  case,  the  vapour  would  be  entirely  con- 
densed.  Mr.  Faraday  found  that  mercury,  at  a  temperature  varying  from 
60^  to  80°,  yields  a  small  quantity  of  vapour;  but  in  winter  no  trace  of  va- 
pour could  be  detected.  Hence  it  is  inferred,  that  at  the  former  tempera, 
ture  the  elasticity  of  mercurial  vapour  is  slightly  superior  to  the  gravity  of 
its  particles,  and  that  in  cold  weather  the  latter  power  preponderates, 'and 
puts  an  entire  check  to  the  evaporation  of  mercury.  The  earths  and  metals, 
which  are  more  fixed  than  mercury,  have  vapours  of  such  feeble  tension, 
tiiat  the  highest  natural  temperature  is  unable  to  convert  them  into  vapour. 
Another  force,  which  cooperates  with  gravity  in  overcoming  elasticity,  is 
the  attraption  of  aggregation,  or  the  attraction  exerted  by  a  solid  or  liquid 
on  the  ct^tignous  particles  of  the  same  substance  in  the  gaseous  form. — ^This 
argument >qnords  very  sufficient  grounds  for  believing  that  the  vapours  of 
earthy  and  Vietallic  substances  are  never  present  in  the  atmosphere ;  and 
Mr.  Faraday  has  proved  that  several  chemical  agents,  kept  in  a  confined 
space  with  moisture  during  four  years,  did  not  undergo  the  slightest  evapo- 
ration.    CJoumal  of  the  R.  Inst.  1. :  N.  S.) 

The  presence  of  vapour  has  a  considerable  influence  over  the  bulk  of 
gfases;  and  as  chemists  pfcnerally  determine  the  quantity  of  gaseous  sab- 
stances  by  measure,  it  is  important  to  estimate  the  increase  of  volume  due 
to  the  presence  of  moisture.  The  mode  by  which  a  vapour  acts  is  obvious. 
When  two  gases,  which  do  not  act  chemically  on  each  other,  are  intermin- 
gled,  each  retains  the  elasticity  suited  to  its  volume,  exactly  as  if  the  other 
gas  were  absent ;  so  that  the  elasticity  of  the  mixture  is  the  sum  of  the 
clastic  forces  of  its  ingredients.  The  same  remark  applies  to  the  mixture 
of  gases  and  vapours.  If  a  few  drops  of  water  are  added  to  a  portion  of  dry 
air,  confined  in  a  glass  tube  over  mercury,  the  air  will  speedily  become 
saturated  with  vapour,  and  must  in  consequence  be  increased  in  bulk.  For 
the  elastic  power  of  the  vapour  being  added  to  that  previously  exerted  by 
the  gas  alone,  the  mixture  will  necessarily  exert  a  stronger  pressure  upon 
the  mercury  that  confines  it,  and  will  therefore  occupy  a  greater  space.  It 
is  equally  clear  that  the  degree  of  augmentation  will  depend  on  the  tempera- 
ture ;  for  it  is  the  temperature  alone  which  determines  the  elasticity  of  the 
vapour. 

As  the  elasticity  of  vapour  is  not  at  all  affected  by  mere  admixture  with 
gases,  it  is  easy  to  correct  the  feJlacy  to  which  its  presence  gives  rise,  by 
means  of  the  data  furnished  by  the  experiments  of  Dalton.  The  formula 
for  the  correction  is  thus  deduced.    Let  n  be  the  bulk  of  dry  air  or  other 

Sas  expressed  in  the  degrees  of  a  graduated  tube ;  p  the  elasticity  of  the 
ry  air,  equal  to  the  atmospheric  pressure  as  measured  by  a  barometer;  n' 
the  bulk  of  the  air  when  saturated  with  watery  vapour,  and  /  the  elasticity 
of  that  vapour.  (Biot's  Traits  de  Pbvs.  i.  303.)  Now  as  the  elasticity  of  a 
gas  for  equal  temperatures  is  inverBely  as  its  volume,  it  follows  that  when 
the  dry  air  increases  in  bulk  fi>om  n  to  n\  its  elasticity  will  diminish  in  the 
ratio  of  n'  to  n.    Hence  its  .elasticity  ceases  to  be  s  ^  and  is  expressed  by 

^,:  p  IB  thensa  ~-f/»  ^^  ^  ^®  elasticity  of  the  moist  air,  added  to 
n  n 

the  elasticity  of  the  vapour  present,  is  equal  to  the  pressure  of  the  atmo- 
sphere.   From  this  last  equation  are  deduced  the  following  values :  pfn+fh' 

m:  jm' ;  pn ss pn' ^fnf ;  and  n^s^  vP*"-^^.  One  example  will  suffioo  for 

showing  the  use  of  this  formula.  Having  100  measures  of  air  saturated 
with  watery  vapour  at  60°  F.,  the  barometer  standing  at  30  inches,  how 
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muT  meamutm  wosid  the  air  oocupj  if  quite  dry?  n'  b  100;  pa  30;  /« 
0.534,  the  tensioo  of  watery  vapour  at  60^,  according  to  Dalton's  table. 
„                 100  X  (30— 0ii24)      100x29.476      ^^_      . ,  ^  .    .^ 
Henoe  »= ^  '     -^ ^g =  9855,  which  u  the  an- 

wfwnr  nqmoo. 

Tlbe  preceding  lonniila  ia  tme  only  when  the  gaa  ia  oonfiaed  in  a  space 
whteh  nadily  enlargea  proportiottally  to  the  additional  praeaore,  am  wlien  a 
tube  foil  of  air  ia  inverted  over  mercary.  If  the  gtm  ia  contained  in  a  space 
which  does  not  admit  of  enlarveraent,  and  a  drop  of  water  is  admitted,  the 
aqoeous  vapoar  adds  its  elaatic  roroe/  to  that  of  the  gas  j^  eaosing  the  pres. 
soFS  against  the  containing  vessel  to  be  equal  to  p  -{-/• 

The  preaenoe  of  aqueous  vapour  in  the  atmosphere  is  owing  to  evaponu 


tioD.  AU  the  aoemnidations  of  water  upon  the  sur&ce  of  the  earth  are  suh- 
jceted  hy  ila  means  to  a  natural  distillation ;  the  impurities  with  which  they 
are  impregnated  lemain  behind,  while  the  pure  vapour  aseenda  into  the  air, 
givea  rise  to  a  multitude  of  meteorological  phenomena,  and  after  a  time  de- 
■oendt  again  npon  the  earth.  As  evaporation  goes  on  to  a  certain  extent 
erea  at  low  temperatures,  it  ia  probaUs  that  the  atmosphere  is  never  abso* 
iutdT  free  from  vapoor. 

The  qoantity  of  vapour  present  in  the  atmosphere  is  nsry  variable,  in  oon^ 
•equeaee  of  tlie  coDtinoal  change  of  temperature  to  which  the  air  is  subject 
But  even  when  the  temperature  is  the  same,  the  quantity  of  vapour  is  still 
feond  to  vary;  lor  the  air  is  not  always  in  a  state  of  saturation.  At  one 
time  it  is  excessively  dry,  at  another  it  is  fully  saturated ;  and  at  other  times 
it  varies  between  tiiess  extremes.  This  variable  condition  of  the  atmosphere 
MM  to  sataration  ia  ascertained  by  the  hygrometer. 

A  great  many  hygrometers  have  been  invented }  but  they  may  ill  be  re- 
ferred to  three  prmciplea.  The  construction  of  the  first  kind  of  hygrome- 
ter is  ibanded  on  the  property  posscased  by  some  aufastances  of  expanding 
in  a  humid  atmosphere,  owing  to  a  deposition  of  moisture  within  them;  and 
of  partang  with  H  again  to  a  dry  air,  and  in  consequence  contracting.  Al- 
most an  bodiea  have  the  power  of  attracting  moisture  from  the  air,  though 
in  difiereat  proportions.  A  piece  of  glass  or  metal  weighs  sensiblv  less 
when  earefiiDy  dried,  than  after  exposure  to  a  moist  atmosphere;  thou||[h 
neither  of  them  ia  dilated,  becauae  the  water  cannot  penetrate  into  their  m- 
lerior.  Dilatation  fixMn  the  absorption  of  moisture  appears  to  depend  on  a 
depontion  of  it  within  the  texture  of  a  body,  the  particles  of  which  are  mo- 
dentely  soft  and  yielding.  The  hygrometric  property,  therefore,  belongs 
chiefly  to  organie  substances,  such  as  wood,  the  beard  of  com,  whalebone, 
hair,  and  ammal  membranes.  Of  these,  none  is  better  than  the  human 
hair,  which  not  only  elongates  freely  from  imbibing  moisture,  but,  by  reason 
of  its  elasticity,  recovers  its  original  length  on  dr^g.  The  hygrometer  of 
fianssure  is  made  with  this  material. 

Hie  second  kind  of  hygrometer  points  out  the  opposite  states  of  dryness 
and  moistore  by  the  rapidity  of  evaporation.  Water  does  not  evaporate  at 
all  when  the  atmosphere  ia  completely  saturated  with  moisture;  and  the 
freedom  with  which  it  goes  on  at  other  times,  b  in  proportion  to  the  diyness 
of  the  air.  The  h^grometrie  condition  of  the  air  may  be  determined, 
tfaeiefiiffe,  hv  observmg  the  rapidity  of  evaporation.  The  most  convenient 
aediod  of  doing  thu  is  by  covering  the  bulb  of  a  thermometer  with  a  piece 
of  ailk  or  linen,  moistening  it  with  water,  and  exposing  it  to  the  air.  The 
deseeot  of  the  mercury,  or  the  cold  produced,  will  corres]iond  to  the  quantity 
of  vapour  fermed  in  a  given  time.    Leslie's  hygrometer  is  of  this  kind. 

The  tlurd  kind  of  hygrometer  is  on  a  princi^e  entirehr  different  from  the 
ftffeg<jiny.  When  the  air  is  saturated  with  vapour,  and  any  colder  bodr  ia 
bwmght  mU»  contact  with  it,  deposition  of  moisture  immediately  takes  pace 
OB  its  sur&pe,  Thia  is  often  seen  when  a  glass  of  eold  spring  water  b  car- 
ried into  a  warm  room  in  summer  |  and  the  phenomenon  is  witnessed  dur. 

:  the  ibnnation  of  dew,  the  moisture  appearing  on  those  substances  only 
'\  ii«  po)der  ^m  th9  air.    The  degree  indicated  \j  the  thermometer 
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when  dew  beffins  to  be  depoeited,  is  called  the  dew-point.  If  the  ntantion 
be  complete,  the  least  diminution  of  temperature  is  attended  with  the  {brma- 
tion  of  dew;  but  if  the  air  is  dry,  a  body  must  be  several  derrees  odder  be- 
fore moisture  is  deposited  on  its  sur&os;  and  indeed  the  drier  the  atmo- 
sphere, the  grreater  will  be  the  difference  between  its  temperature  and  the 
dew-point  Attempts  were  made  to  estimate  the  hygfrometric  state  of  the 
air  on  this  principle  by  the  Florentine  Academicians,  but  the  first  accurate 
method  was  introduced  by  M.  le  Roi,  and  since  adopted  by  Dalton.  It  con- 
sists simply  in  putting  cold  water  into  a  glass  yessel,  the  outside  of  which 
is  carsfiillv  dried,  and  marking  the  temperature  of  the  liquid  at  which  dew 
beffins  to  be  deposited  on  the  glass.  The  water  when  necessary  is  cooled 
ei£er  by  means  of  ice  or  a  freezing  mixture.  A  conyenient  form  of  a|ipa- 
ntns  is  a  small  cup  made  of  thin  silver,  nicely  gilt  on  the  outside,  cap^Ia 
of  holding  about  half  an  ounce  of  water,  and  fitted  into  a  case  of  turned 
wood  liniSl  with  cloth,  which  serves  as  a  stand  for  the  cup  during  an  obser- 
vation. The  water  is  cooled  by  successively  adding  a  few  grains  of  a 
powder  made  of  equal  perts  of  nitre  and  sal  ammoniac  intimately  mixed, 
stirring  with  the  bulb  of  a  small  thermometer.  As  soon  as  dew  is  deposited, 
the  temperature  is  noted ;  and  the  first  observation  is  corrected  by  waiting 
until  the  cup  and  its  contents  p^row  warmer,  and  observing  the  temperature 
at  which  the  dew  begins  to  disappear.  The  last  observation  is  the  most 
trustworthy.  This  method,  when  deliberately  performed,  so  that  the  cup^ 
the  solution,  and  the  thermometer,  should  have  time  to  acquire  the  same 
temperature,  is  susceptible  of  great  precision. 

The  hygrometer  of  Professor  Daniell,  described  in  his  Meteorological  Es- 
says,  acts  on  the  same  principle.  It  consists  of  a  cryophorus,  as  described  at 
page  48,  but  modified  somewhat  in  ibrm,  and  containing  ether  instead  of 
water.  Within  one  of  its  balls  is  fixed  a  delicate  thermometer,  the  bulb  of 
which  is  partially  immersed  in  the  ether  so  as  to  indicate  its  temperature;, 
and  the  other  ball  is  covered  with  muslin.  When  the  instrument  is  used, 
the  muslin  is  moistened  with  ether,  and  the  cold  produced  by  its  evaporatioD 
condenses  the  vapour  within  the  cryophorus,  and  causes  the  ether  to  evapo- 
rate rapidly  in  the  other  ball.  The  cold  thus  generated  chills  the  ether  itself 
and  the  ball  containin|r  it;  and  in  a  short  time  its  temperature  descends  so 
low,  that  dew  is  deposited  on  the  surfece  of  the  glass.  As  soon  as  this  takes 
place,  the  temperature  is  observed  by  the  thermometer. 

The  akme  object  is  attained  in  a  still  easier  way  by  means  of  a  oontri- 
vanoe  described  by  Mr.  Jones  of  London  in  the  Philos.  Trans,  fer  1826,  and 
soon  after  in  the  Edin.  Philos.  Journal,  No.  xvii.  p.  155,  by  Dr.  Ck>ldstream 
of  Leith.  It  consists  of  a  delicate  mercurial  thermometer,  the  bulb  of  which 
is  made  of  thin  black  glusi  &nd,  excepting  about  a  fourth  of  its  surfece,  is 
covered  with  muslin.  On  moistening  the  muslin  with  ether,  the  temperature 
of  the  bulb  and  mercury  fells,  and  the  uncovered  portion  of  the  bulb  is  soon 
rendered  dim  by  the  deposition  of  moisture.  Tlie  temperature  indicated  at 
that  instant  by  the  thermometer  is  the  dew-point  It  appears  from  some 
remarks  by  Professor  DanioU  in  the  Quarterly  Journal  of  Science,  that  this 
hyvrometer  was  originaUy  invented  in  Germany,  so  that  Mr.  Jones  and  Dr. 
doldstream  are  second  inventors.  Professor  Daniell  considen  the  instrument 
inaccurate,  believing  that,  as  the  ether  is  applied  to  a  part  only  of  the  bulb, 
the  mercury  within  will  be  cooled  unequally ;  that  the  portion  corresponding 
to  the  covered  part  of  the  bulb  will  be  colder  than  the  mercury  opposite  to 
the  exposed  part ;  and,  consequently,  that  Ihe  dew-point  will  appear  lower 
than  it  ought  to  be.  This  objection  certainly  applies  when  the  muslin  is 
rendered  very  moist  with  ether,  and  the  temperature  of  the  bulb  is  rapidly 
reduced ;  but  when  the  cooling  is  slowly  efi^ted,  I  believe  the  indications  of 
this  hygrometer  to  be  at  least  as  correct  as  those  afforded  by  the  very  elegant, 
yet  more  costly  and  less  portable,  apparatus  of  Professor  Daniell.  For  fects 
confirmatory  of  this  opinion  the  reader  may  consult  an  essay  in  the  Eklin- 
bargh  Journal  of  Science,  No.  xiii.  p.  36,  by  Mr.  Foggo,  junior,  of  Leith. 

{t  is  desirable  o}[i  some  occasions,  not  merely  to  know  the  hygroraetrie 


BEAT. 


eoadttioB  of  air  or  gam,  bol  alio  to  deprito  dmn  entirelj  of  their  Yaponr. 
This  BiAy  be  done  to  a  preat  extent  by  ezpoaiof  them  to  intenae  cold ;  but 
the  method  now  geoerall^  preferred  is  by  bringing  the  moiai  gaa  in  contact 
with  aome  aubrtanee  which  has  a  powerful  dwmical  attraction  fir  water. 
Of  tfaew  Bone  is  preferable  to  chloride  of  calcium. 


OONSTITDnOW  OF  GASES  WITH  RESPECT  TO  HEAT. 

The  ezperiments  of  Mr.  Faraday,  on  the  Uque&etion  of  gaseous  substances, 
appear  to  justify  the  opinion  that  gases  are  merely  the  Tapoors  of  extremely 
soUtUe  liquids.  Most  of  these  liquids,  however,  are  so  ▼olatile,  that  their 
boiUng  point,  under  the  atmospheric  pressure,  is  lower  than  any  natural 
tmnperafture;  and  hence  they  are  always  found  in  the  gaseous  state.  By 
■abjecting  them  to  great  pressure,  their  elastieity  is  so  !ar  counteracted  thai 
Chey  beomne  liquid.  But  even  when  thus  compressed,  a  very  moderate  heat 
is  suiBdent  to  make  them  boil ;  and  on  the  removal  of  pressure  they  resume 
the  elastic  form,  most  of  them  with  such  riolence  as  to  cause  a  report  like  an 
explosion,  and  others  with  the  appearance  of  brisk  ebullition.  Intense  cold 
is  produced  at  the  same  time,  in  consequence  of  their  heat  passing  from  a 
eensible  to  an  insensible  state. 

Tbe  procees  for  condensing  gases  (Philos.  Trans,  for  18S3)  ooosists  in  ex- 
posing  them  to  the  pressure  of  their  own  atmospheres.  Tbe  materials  for 
producing  the  gas  are  put  into  a  strong  glass  tube,  which  is  afterwards 
•Baled  bennetically,  and  bent  in  the 
middle,  as  represented  by  the  figure. 
The  gas  is  generated,  if  necessary,  by 
the  ap^cation  of  heat,  and  when  the  < 
pleasure  becomes  sufficiently  mat,  tbe  liquid  is  formed  and  collects  in  the 
fiee  end  of  the  tube,  which  is  kept  cool  to  facilitate  the  condensation.  Most 
of  these  experiments  are  attended  with  danger  from  the  bursting  of  the  tubea, 
against  which  the  operator  must  protect  himself  by  the  use  of  a  mask. 

The  pressure  required  to  liquefy  gases  is  very  variable,  as  will  appear  firom 
the  foJIowing  table  ot  tbe  resnlU  obtained  by  Mr.  Faraday. 


Sniphofonsaeidgas    . 

3  atmospheres  at 

450  F. 

17 

50° 

Carbonic  acid  gas 

.      36         .        . 

330 

Chlorinegas 

4 

6O0 

Nitrons  oxide  gas 

50         .        .        . 

450 

3.6      ..        . 

450 

6.5      .        . 

SXfi 

Moriatie  acid  gas 

40 

50O* 

•  The  general  law  in  regard  to  the  elasticity  or  tension.  a£gB9eB  is  that 
this  propertT  is  directly  proportional  to  the  compressing  force.  (ABrsted,  how- 
ever,  has  shown,  that  it  does  not  always  hold;  for  he  ascertained  that  con- 
iifiiMihlc  gases,  subjected  to  a  pressure  approaching  to  that  at  which  their 
ooodeosancn  would  take  place,  undergo  a  greater  diminution  of  vdume  than 
m  irtffptiflFnn^'  to  the  pressure.  Berzefius  accounts  for  this  fact  by  supposing 
that  the  dose  proximity  of  the  molecoIe^Kif  a  {^  occasioned  by  great  pros- 
ooie,  brings  the  particfes  more  completely  within  the  sphere  of  each  other*s 
attractkm,  and  thus  counteracts  the  separating  power  of  the  caloric,  which 
he  flopcMves  to  act  under  unfovourable  circumstances;  unless  tbe  ^derabte 
■nffl^ff  sre  at  a  certain  distance  apart  (Berzelius,  Traits  de  Chimie,  i.  83, 
86.)  Tlwse  views  have  a  bearing  on  the  experiments  of  Mr.  Faraday  cited 
iathetext    Ed. 
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SOURCES  OF  HEAT. 

The  foiiroef  of  beat  may  be  reduced  to  six.  1.  The  aun.  2.  Combuation. 
3.  Electricity.  4.  The  bodies  of  animals  during  life.  5.  Chemical  action. 
6.  Mechanical  action.  All  these  means  of  procuring  a  supply  of  heat,  ez- 
oeptthe  last,  will  be  more  conveniently  considered  in  other  parts  of  the  work. 

The  mechanical  method  of  exciting  heat  is  by  friction  and  percnssion. 
When  parts  of  heavy  machinery  rub  against  one  another,  the  heat  excited,  if 
the  parts  of  contact  are  not  well  greased,  is  sufficient  for  kindling  wood. 
The  axle-tree  of  carriages  has  been  burned  from  this  cause,  and  the  sides  of 
ships  are  said  to  have  taken  fire  by  the  rapid  descent  of  tlie  cable.  Count 
Rumford  has  given  an  interesting  account  of  the  heat  excited  in  boring  can- 
non, which  was  so  abundant  as  to  heat  a  considerable  quantity  of  water  to  ite 
boiling  point    It  appeared  from  his  experiments  that  a  body  never  ceases  to 

E'vB  out  heat  by  friction,  however  long  the  operation  may  be  continued ;  and 
I  inferred  f^oro  this  observation  that  heat  cannot  bo  a  material  substance, 
but  is  merely  a  property  of  matter.  Pictet  observed  that  solids  alone  produce 
heat  by  friction,  no  elevation  of  temperature  taking  place  from  the  mere  agi- 
tation of  fluids  with  one  another.  He  found  that  Uie  beat  excited  by  friction 
is  not  in  proportion  to  the  hardness  and  elasticity  of  the  bodies  employed. 
On  the  contrary,  a  piece  of  brass  rubbed  with  a  piece  of  cedar  wood  produced 
more  heat  than  when  rubbed  with  another  piece  of  meUl;  and  the  heat  was 
■till  greater  when  two  pieces  of  wood  were  employed. 


SECTION  IL 

LIGHT. 

Omos,  from  VrTt/uci,  /  $ee,  is  the  ecience  which  treate  of  light  and  viaion. 
Of  the  nature  of  light  two  rival  theories  are  enterteined.  According  to  some, 
and  this  was  the  tneonr  sanctioned  by  the  great  authority  of  Newton,  light 
is  an  emanation  from  luminous  bodies,  such  as  the  sun,  Uie  fixed  stars,  and 
incandesoent  substances;  and  oonsisto  of  inconceivably  minute  particles, 
which  are  too  subtile  to  exhibit  the  common  properties  of  matter,  travel  in 
•traight  lines  with  immense  velocity,  and  produce  the  sensation  of  light  by 
paasug  into  the  eye,  and  striking  against  the  expanded  nerve  of  vision,  tlie 
rettfio.  Others  deny  to  light  a  separate  material  existence,  and  ascribe  ite 
eftcte  to  the  vibrations  or  undulations  of  a  subtile  ethereal  medium  universaUy 
preeent  in  nature,  the  pulses  of  which,  in  some  way  excited  by  luminous  ob- 
jects, pass  through  space  and  transparent  bodies,  and  give  rise  to  vision  by 
impressing  the  retina,  in  the  same  way  as  pulsations  of  air  impress  the  nerve 
of  hearing,  and  produce  the  sensation  of  sound.  The  Utter,  the  undtikUory 
themry  ef  lights  which  was  formerly  mainteined  by  Descartes,  Huygens,  and 
Eoler,  but  subsequently  fell  into  disuse,  has  of  late  received  puwerfm  support 
from  Sir  John  Herschel  and  Professor  Airy,  who  in  their  analytic  researches 
on  pdariaed  light  find  the  phenomena  more  fully  explicable  on  the  undola- 
tory  than  by  the  Newt&nmn  theory.  In  this,  however,  as  in  some  other  de- 
partmente  of  science,  either  of  two  theories  serves  the  purpose  of  classi^ing 
iaote  and  explaining  moet  of  the  phenomena,  the  advantage  lying  sometimes 
on  one  side  and  sometimes  on  the  other.  At  present,  the  stron^st  evidence 
is  in  &Toar  of  the  undnlatory  theory ;  but  as  the  views  of  Newton  are  still 
generally  used  and  understood,  and  readily  apply  to  all  the  subjects  which 
the  design  of  this  work  admite  of  being  noticed  here,  I  shall  continue  to 
adopt  it,  referring  those  who  are  prepar^  to  study  the  undnlatory  theory  to 
Sir  J.  Hersebers  article  on  liffbt  in  the  Eneydopedia  MeiropoHlanm^  and  to 
the  Mathematical  Tracts,  9nd  edition,  of  Profbssor  Airy. 
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DifmmiBm  af  Lffll^Iigfat  is  emitted  by  eveij  Turible  poinl  of  a  lamiiioiie 
object,  and  b  equdly  distribated  on  all  sides,  if  not  intercepled,  diverging 
ItKB  radii  drawn  firom  the  centre  to  the  circumierenoe  of  a  circle.  Tbos,  if 
a  single  luminoiis  point  were  placed  in  the  centre  of  a  hollow  sphere,  erery 
point  of  its  coocaTity  woald  be  illuminated,  and  equal  areas  would  receive 
equal  quantities  of  light.  The  smallest  portion  of  light  which  can  be  sepa- 
imitBd  from  contiguous  portions,  b  called  a  toy  of  lighL  Each  ra^,  when  not 
intermpted  in  its  course,  and  while  it  remains  in  me  same  medram,  moTcs 
in  a  straight  line ;  as  is  obvious  by  the  appearance  of  shadows  cast  by  the 
side  of  a  nouae,  or  of  a  sun-beam  admitted  through  a  small  aperture  into  a 
dark  room.  Owing  to  these  modes  of  distribution,  it  follows  that  the  quan- 
tity of  liffht  which  faUs  upon  a  given  surface  decreases  as  the  square  of  its 
distance  from  the  luminous  object  increases,  the  same  law  which  regulates 
Hie  heating  power  of  a  hot  body.  (Pago  9.) 

The  passage  of  tight  is  progressive,  time  being  required  for  its  motion 
from  one  place  to  another.  By  astronomical  obMrvations  it  b  found  that 
l^hC  travds  at  the  rate  of  nearly  195,000  miles  in  a  second  of  time,  and 
would  requite  about  eight  minutes  to  pass  from  the  sun  to  the  earth.  Owing 
to  thk  prodigious  velocity,  the  light  emitted  in  the  firing  of  a  cannon  or  a 
sky-rocket  b  seen  by  different  spectators  at  the  same  instant,  whatever  may 
be  their  respective  distances  from  the  rocket,  the  time  required  for  light  to 
travel  100  or  1000  miles  being  inappreciable  to  our  senses. 

When  light  ^b  upon  any  body,  it  may,  like  radiant  beat  (page  9,)  dis- 
\  of  itself  in  three  different  ways,  being  reflected,  refracted,  or  abaorhed. 
!  phenomena  connected  with  the  two  former  modes  of  distribution  I  shall 
proceed  to  consider  in  succession ;  while  those  of  absorbed  light  will  be  in- 
cluded under  the  head  of  DeeompotUion  of  Light, 

REFLBCrriON  OF  LIGHT. 

Ii|bl,so  &r  as  b  known,  b  not  reflected  by  purely  gaseous  bodies ;  but  it 
is  reflected  by  air  containing  floating  particles  of  moisturo  in  the  form  of 
doods,  and  by  all  solids  and  liquids,  though  in  very  different  degrees.  Bright 
metallic  surfaces,  such  as  polbhed  brass  and  silver,  or  clean  mercury,  reflect 
nearly  aD  the  rays  which  fiill  upon  them ;  while  those  which  ara  dull  and 
roo^  reflect  but  few  of  the  rays.  The  reflection  of  light,  like  that  of  heat, 
takea  pbce  at  the  sur&ce  of  bodies,  and  appears  influenced  rather  by  the 
condition  of  the  surface  than  by  the  nature  of  tlie  reflecting  body.  The  di- 
rection  of  the  reflected  ray,  whatever  may  be  the  nature  or  figure  of  the  re- 
fleeting  snr&oe,  is  regubted  by  these  two  laws. 

L  The  incident  and  reflected  ray  always  lie  in  the  same  plane,  which 
plane  b  perpendicubr  to  the  reflecting  surAce. 

II.  The  incident  and  reflected  ray  always  form  equal  angles  with  the  re- 
flecting snr&oe;  or,  what  amounts  to  tfie  same,  the  angle  of  incidence  b 
always  equal  to  the  angle  of  reflection. 

Let  At,  figure  1,  represent  a  plane  mirror,  n>  the  direction  of  a  ray  falling 
on  AB  at  the  point  d,  and  op  a  line  perpendicubr  Fig.  1/ 

to  the  mirror  ab.    Then  a  plane  passing  through  r  jp  j% 

n»  win  be  nerpendicubr  to  as,  and,  by  the  first    ^  ^' '  ' 

bw,  the  reflected  ray  mi  will  lie  mmuwhere  in 
that  pbne.  Also,  by  the  second  law,  the  angle 
of  reflection  rdf  must  be  equal  to  the  angle  of 
incidence  idp.    Hence,  as  soon  as  tlie  direction 

of  the  incident  ray  b  given,  that  of  the  reflected 

nj  b  known  also.  J\.  J>  JB 

Theee  kws  apply  equally  to  conTcz  and  concave  mirrors.    A  cirele  or  any 
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eurtemay  be  viewed  tf  a  polTfcn  with  fwy#lM^  fides  cirenilucribii^  the 


oarve,  as  ahown  in  a&,  fig.  3 ;  and  on  this  prin- 
eiple  a  tangent  tH  at  any  point  d  of  a  curve  ab, 
nay  be  taken  as  identical  at  tbe  touching  point 
with  the  curve  ilaelf.  Similarly,  may  a  plane,  tan- 
rent  to  a  curved  surface,  be  considered  as  part  of 
Uiat  aurfaoe  at  the  point  of  contact  The  action 
of  a  curved  mirror  may  hence  be  referred  to  that 
of  a  number  of  taneent  planes*  which  will  reflect 
~  'ht  agreeably  to  the  two  laws  above  mentioned. 


9%us,  let  AB,  fiff.  3,  be  a  convex  mirror,  being  a  segment  of  a  sphere,  the 

centre  of  which  is  c ;  let  id,  i'd'  Fig.  3. 

be  parallel  rays,  incident  at  d,  d'. 

The  dotted  lines  or,  dV  will  be 

respectively  perpendicular  to  the 

tangent  at  n,  d'  ;  the  angles  of  tn- 

eidenoe  are  idp,  i'dV  ;  and  pds, 

p'd'r',  the  angles  of  reflection.  ^^^ 

Parallel  rays  fuling  on  a  convex  /j^-  -  '  " 

mirror  are  obviousfy  scattered  or     '  ^  '  *  *  ^  ^ 

made  to  diverge. 

On  the  same  principle  must 
parallel  rays  falling  on  a  concave 
spherical  mirror,  as  represented 
by  fig.  4,  be  so  reflected  as  to  con- 
verge and  meet  together  at  one  point  r,  which  is  called  its  /oom  for  fonXLd 
rays,  or  its  principal  foetu,  and  is  situated  midway  between  the  centre  c,  and 
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tbe  axis  of  the  mirror  x.  The 
dotted  lines  represent  the 
perpendicular  to  the  tangent 
at  the  respective  points  of 
incidence,  d,  d'  J,  <f .  From 
the  same  figure  it  is  obvious 
that  the  diverging  rays  emit- 
ted by  a  light  placed  in  the 
focus  of  a  concave  mirror 
are  rendered  parallel  by  re- 
flection. If  the  light  be  pla- 
ced between  x  and  f,  then 
the  rays  will  continue  divergent  ader  reflection.  On  placing  the  light  be- 
tween  f  and  c,  the  incident  rays,  diverging  less  rapidly  than  when  the  light 
was' at  F,  will  converge  aflcr  reflection,  and  meet  at  some  point  bevond  c, 
which  point  is  more  remote  firom  c  the  nearer  the  light  is  to  p.  When  the 
light  is  at  c,  all  the  rays  are  reflected  back  to  c ;  since  each  ray  will  then  be 
perpendicular  to  the  tangent  mt  its  point  of  incidence.  The  student  will 
easily  comprehend  these  statements,  if  he  wiU  but  take  rule  and  compass, 
and  draw  a  few  figures  for  himself. 

The  statement  above  made,  that  paraUel  rays  are  collected  into  one  point 
by  reflection  from  a  concave  spherical  mirror,  is  not  strictly  correct    When 


Fiff.5. 


the  mirror  is  very  flat,  being  a 
small  segment  of  a  large  sphere, 
the  rays  meet  very  nearly  in  one 
point ;  but  they  are  far  from  doing 
so  when  the  curvature  of  the  mir- 
ror  is  considerable.  This  defect 
of  spherical  mirrors,  which  arises 
from  their  form,  and  is  termed 
Mpkerieal  ohemiian^  is  exhibited 
in  fig.  5,  where  the  rays  ui,  t'lf, 
near  the  axis,  meet  at  f;  whereas 
the  remoter  rays  id,  i'd',  are  collected  at  /.    Tlie  consequence  of  such  aber- 
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ntkm  IS  a  eonfbsed  image,  a  defect  which  is  remedied  br  diminishing  cur- 
Tftture,  and  entting  off  by  screens  the  rays  most  distant  from  the  axis.  Pa* 
raboUc  idBectors,  when  accurately  made,  are  entirely  free  from  this  incon* 


Hie  position  in  which  objects  are  seen  after  being  reflected  will  now  be 
easily  understood.  Let  mn,  6g.  6,  be  an  arrow 
placed  before  a  plane  mirror  ab,  k  the  eye  of 
■B  observer,  me  me  rays  emanating  from  the 
point  of  the  arrow,  and  vf  ltd  rays  proceed- 
ing from  its  shaft  The  only  reflected  rays 
wbich  reach  the  eye  sre  those  that  ftll  be- 
tween the  points  e  and  d.  Those  issuing 
from  any  single  point,  v,  continue  to  diverge 
al  the  same  rate  after  as  bc&re  reflection; 
and,  though  they  are  reflected  and  enter  the 
eye  separately,  they  are  collected  together  by 
toe  reacting  power  of  that  organ,  and  ap. 
pear  to  the  obseryer  to  issue  from  a  point  m, 
at  which,  if  continued  back,  they  would  in- 
tersect The  same  is  true  of  rays  issuing 
from  If,  and  from  all  points  intermediate  between  v  and  ir.  By  inspecting 
the  figure  it  wifi  be  seen  that  each  part  of  the  image  mn  is  at  the  same  dis- 
tance bdund  the  mirror  ss  the  object  mn  is  before  it,  and  that  the  image  and 
object  have  the  same  length ;  consequences  which  flow  necessarily  from  the 
laws  ef  reflection  and  the  known  properties  of  triangles. 

Again,  let  the  arrow  Hit,  Gg*  7,  represent  a  high  distant  object,  towards 
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which  a  spherical  mirror  ab  is  directed.  Rays  emanating  from  m  and  falling 
on  the  mirror  at  a,  e,  and  a,  will  be  so  reflected  that  they  all  meet  at  a  point 
m ;  raya  diverging  from  n,  and  reaching  the  same  points  of  the  mirror,  will 
be  collected  at  n;  and  all  points  intermediate  between  m  and  n  will  be  repre- 
sented alon^  the  line  mn^  forming  a  small  inverted  imsge  of  the  object  As 
the  rays  prior  to  reflection  were  divergent,  their  focal  points  will  be  nearer 
die  centre  c  than  the  focus  for  parallel  rays.  The  image  mn,  will  be  much 
■roaOer  than  the  object,  the  ratio  of  their  lengths  being  directly  as  their  dis- 
tances from  the  mirror,  a  relation  which  the  geometric  reader  will  discover 
fer  himself  fay  inspecting  the  figure :  if  mn  be  1000  feet  from  the  mirror, 
and  am  at  one  foot,  the  imsge  will  be  diminished  in  length  1000  times. 
Henee,  as  the  site  and  position  of  the  image  can  be  measured,  the  distance  of 
the  object  mav  be  calculated  if  we  know  its  size ;  or  its  size  may  be  inferred 
from  a  knowledge  of  its  distance. 

^  The  construction  of  the  simple  reflecting  telescope  depends  on  the  prin- 
ciple just  explained.  The  small  size  of  the  image  is  compensated  for,  partly 
by  its  brightness,  since  each  point  is  formed  by  the  concentration  of  many 
raya,  and  partly  by  the  advantage  of  placing  the  eye  close  to  it  In  order 
to  see  the  image  mn^  the  observer  may  place  in  the  mens  a  piece  of  ground- 
gbas  or  tissue-paper ;  or,  a  hole  being  cut  in  the  mirror  at  a,  the  image 
may  be  received  on  a  small  plane  mirror  plaoed  in  the  foous,  and  be  reflect* 
ed  to  tlie  observer  at  a.  Instead  of  using  a  plane  mirror  for  ihis  purpose, 
m  may  be  coondered  as  a  new  otjeet,  and  be  reflected  by  a  second  smaller 
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concave  mirror  placed  faetweeo  mn  and  c,  and  in  front  of  AB ;  for  the  con- 
verging rays  which  meet  at  any  point  m  of  the  image,  croaa  each  other  at 
that  point,  and  then  diverge  exactly  as  though  the  place  of  the  image  were 
occupied  by  a  real  arrow.  The  aecond  mirror  may  be  bo  pUced  as  to  mag- 
nify the  image  mn ;  and  the  second  image  may  be  atill  further  enlarged  by 
a  convex  lens.  Compound  reflecting  telescopes  are  constructed  on  thu  prin- 
ciple. 

The  arrangement  displayed  by  figure  7  is  exactly  that  of  a  simple  reflect- 
ing microscope,  provided  mn  be  viewed  as  a  small  real  object,  and  mn  as 
its  magnified  inverted  image.  If  mn  were  placed  in  the  principal  focus,  the 
reflected  rays  would  be  parallel,  and  hence  could  not  meet  to  form  an 
image ;  but  if  situated  rather  beyond  the  principal  focus,  as  in  the  figure, 
then  the  rays  converge  after  reflection,  and  give  an  enlarged  ima^  of  the 
small  object  The  ratio  of  the  length  of  the  object  and  image  will,  as  be- 
fore, be  as  their  respective  distances  from  the  mirror. 

REFRACTION  OF  LIGHT. 

Light  traverses  the  same  transparent  medium,  such  as  air,  water,  or 
glass,  in  a  straight  line,  provided  no  reflection  occurs,  and  there  is  no 
change  of  density ;  but  when  it  passes  from  one  medium  into  another,  or 
from  one  part  of  the  same  medium  into  another  of  a  different  density,  a 
change  of  direction  always  ensues  at  the  place  of  junction  of  the  media, 
except  when  the  ray  is  perpendicular  to  that  plane.  For  instance,  let 
AB  a'b',  fig.  8,   represent  a  vertical  Fig.  if. 

section  of  a  vessel  fhll  of  water,  and 
pp'  the  perpendicular  to  the  surface 
of  the  water  at  the  point  o.  Should 
a  ray  of  light  enter  the  water  perpen- 
dicularly to  its  surface,  as  in  the  line 
of  PC,  it  will  continue  on  its  course  J{, 
to  f^  without  deviation ;  but  if  it  de- 
scend obliquely,  as  in  the  direction  of 
ic,  it  will  suffer  a  bend  at  c,  and  ^ 
proceed  to  x,  instead  of  advancing 
along  the  dotted  line  to  p.  Converse- 
ly, were  a  ray  of  light  to  emanate  from  m  and  emerge  at  c,  it  would  not 
advance  to  e,  but  take  the  direction  of  ci.  By  comparing  the  direction  of 
the  refracted  ray  in  these  two  cases  in  relation  to  the  vertioal  pp',  it  wUI  be 
seen  that  the  ray  approaches  the  perpendicular  in  entering  from  air  into 
water,  and  recedes  from  it  in  passing  out  of  water  into  air.  The  same  re- 
mark applies  to  the  passage  of  light  from  or  into  air  into  or  out  of  solid 
or  liquid  media  in  gcneraL 

Boidies  differ  in  their  power  of  refracting  light  In  general,  the  denser 
a  substance  is,  the  greater  is  the  deviation  which  it  produces.  If  in  ^,  8 
•olphnrie  acid  were  mixed  with  the  water,  the  ray  ic  would  be  refracted  to 
some  point  between  x  and  a ;  and  if  a  solid  cake  of  glass  were  substituted 
for  that  liquid,  the  refracted  ray  would  be  bent  down  to  oo.  But  this  i^  &r 
from  universal : — alcohol,  ether,  and  olive  oil,  which  are  lighter  than  water, 
have  a  higher  refractive  power.  Observation  has  shown  it  to  be  a  law,  to 
which  no  exception  is  yet  known,  that  oils  and  other  highly  inflammable 
bodies,  such  as  hydrogen,  diamond,  phosphorus,  sulphur,  amber,  olive  oil. 


and  camphor,  have  a  refractive  power  which  is  from  two  to  seven  times 
greater  than  that  of  incombustible  substances  of  equal  density.  But  what- 
ever may  be  the  refractive  power  of  bodies  in  relation  to  each  other,  re- 
fraction  is  always  governed  by  the  two  following  laws,  discovered  in  1618, 
by  Snell,  though  usuallv  ascribed  to  Descartes. 

1.  The  direction  of  the  incident  and  refracted  ray  is  always  in  a  plane 
perpendicnlar  to  the  snrfkoe  common  to  the  media. 
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9.  Tbs  nne  of  die  aogle  of  incidence  asd  the  etne  of  the  angle  of  rafiie- 
tkm  are  in  a  eonetant  report  for  the  same  media. 

The  first  law  is  similar  to  the  first  Uw  of  reflection  already  explained^— 
(Pa|^  55.)  To  explain  ,the  second  law, 
let  Awm,  fig.  9,  be  a  vertical  section  of  a  ~ 
refracting  mediom,  rr'  the  perpendicular 
to  it,  ic  a  raf  of  iight  incident  at  c,  and 
em  the  refracted  ray.  Then  icp  is  the 
a v2e  tf  imeidenee^  and  Bcr'  the  angle  of 
r^metkn.  Also  fi'om  c,  as  a  centre, 
with  any  radios  ci,  and  in  the  plane  of ' 
the  ray  ks,  draw  a  circle ;  and  from  the 
pointB  I  and  ■,  where  the  course  of  the 
ray  cata  the  circle,  let  fall  la,  u  at  right 
anglea  to  rr'.  Then  may  la  be  consiifer- 
ed  the  stns  of  the  angle  of  incidence, 
and  me  the  shk  of  the  angle  of  refraction. 
The  second  law  denotes  that  these  lines  are  for  each  sobstance  in  a  constant 
ratio,  whaterer  may  be  the  direction  of  the  incident  ray.  In  the  figure  the 
sine  of  the  anp^le  of  refiraction  is  to  the  sine  of  the  angle  of  incimnce  aa 
1  to  2;  and  this  ratio  being  once  determined,  each  ray  most  conform  itself 
to  it,  so  that  any  angle  of  incidence  being  given,  the  direction  of  the  refract- 
ed ray  may  be  foretold.  Thus,  if  to  bo  a  second  ray  incident  at  c,  of  which 
i5  is  the  sine  of  the  angle  of  incidence,  the  ray  will  be  bent  into  such  a 
eonrse,  that  ed  ahall  betoi6aslisto2.  This  ratio  is  nearly  that  observed 
in  glass  made  of  one  part  of  flint  to  three  of  oxide  of  lead.  In  common 
flint-glass  the  ratio  is  nearly  as  1  to  1.6;  in  water  it  is  as  1  to  1.336;  in  oil 
of  cassia  aa  1  to  1.641 ;  jn  diamond  as  1  to  2.755;  in  phosphorus  as  1  to 
2i224 ;  and  in  melted  sulphur  as  1  to  2.148.  By  thus  representing  the  sine 
of  the  angle  of  refitiction  by  1,  the  sines  of  the  angle  of  incidence  in  all 
bodiea  refer  to  the  aame  unit  of  comparison,  and  are,  therefore,  at  once  com- 
parable with  each  other:  sach  numbers  are  called  indket  cf  refradion^  and 
indicate  the  degree  of  refractive  power.  For  example,  the  index  of  refrac- 
iiam^  for  water  is  1J336;  for  flint-glass  1.6;  and  for  diamond  2.755. 

Bj  means  of  SneU's  laws  of  refiraction,  and  with  a  knowledge  of  the  in. 
dices  of  refraction,  the  course  of  a  ray  of  light  throueh  any  medium  may 
be  indicated,  whatever  may  be  the  nature  or  figure  of  that  medium,  or  the 
direction  of  the  ray.  The  refracting  sobstance  most  used  in  optics  is  glass, 
which  is  ground  into  dififerent  forms,  such  aa  prisms  and  lenses,  according 
to  the  purpose  for  which  it  is  designed.  One  of  the  simplest  cases  is  the 
refraction  of  a  plane  glass,  such  as  Uie  pane  of  a  window. 
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Let  ic,  fig.  10,  be  a  ray  incident  on  the 
upper  side,  la,  of  a  plane  glass,  and  ci  the 
refracted  ray :  at  its  exit  at  the  under  side, 
aV,  which  ia  parallel  to  At,  it  will  be  re- 
fracted  to  the  same  amount  as  at  its  en- 
trance, and  will  pass  on  in  the  direction  of 
■c,  appearing  to.  an  observer  at  e  to  have 
come  along  the  line  I'x,  parallel  to  its  real 
course  ic.  Hence,  in  looking  at  an  object 
throogh  a  window  it  is  not  seen  in  its  real 
pooition;  but  as  all  the  rays  are  similarly 
affected,  the  object  is  not  distorted,  provided 
the  opposite  sides  of  the  glass  are  really 

In  studying  tlie  influence  of  curved  media  on  light  the  same  rule  is  to  be 
ebeeifcJ  aa  in  reflection  I7  curved  mirrors  (page  56) :  a  plane,  tangent  to 
the  carved  sor&ce  at  each  point  of  incidence,  ia  to  be  drawn  or  imagined, 
and  the  direction  of  the  ray  deduced  in  reference  to  that  plane.  On  apply, 
ing  this  rule  to  convex  and  concave  lenses,  it  is  found  that  the  former  act 
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Uke  ooneave  mirron,  and  tend  to  collect  the  refracted  rayi  toother;  where- 
aa  a  concave  lens,  like  a  coDvez  mirror,  tenda  to  scatter  them.  Figure 
11  represents  parallel  rays  falling  Fig.  11. 

upon  a  doubly  convex  lens,  the  two 

curved  surfaces  of  which  are  shown         _  ^-A, 

by  the  vertical  section  as.  The  ray 
or,  which  falls  perpendicularly,  goes 
without  deviation  through  the  mid-  . 
die  or  axu  of  the  lens.  The  other 
rays  enter  and  quit  the  lens  so  as  to 
form  a  smaller  angle  on  one  side 
than  on  the  other,  aud  the  acute 
angle  obviously  lies  on  the  side  towards  the  axis ;  every  ray  is  bent  towards 
that  axis  by  both  surfaces;  and  as,  from  the  figure  of  the  lens,  the  rays  most 
distant  from  the  axis  approach  the  lens  at  the  smallest  angle,  they  also 
suffer  the  greatest  refraction.  The  result  is,  that  the  rays  converge  and 
meet  at  a  point  f,  termed  the  /octia  of  parallel  rayt^  or  the  mrincipatfocua. 
Ita  distance  from  o  varies  both  with  the  curvature  of  the  lens  and  the  re- 
fracting power  of  the  glass  with  which  it  is  made.  With  glass  of  the 
same  quality  the  focal  distance  depends  on  the  figure  of  the  lens,  the 
greatest  convexity  eiving  the  ahorteat  focal  distance. 

As  the  lens  in  figure  11  brinsrs  parallel  rays  into  a  focus  st  r,  it  is  ob- 
vious that  rays  divergioflr  from  a  hunmous  object  placed  at  r  wiU  be  render- 
ed  parallel  by  the  same  fens,  the  course  of  the  rays  being  simply  reversed. 
Were  a  light  situated  between  r  and  c,  its  rays  would  diverge  so  mudi  that 
the  lens  could  not  render  them  parallel,  and  they  would  continue  divergent 
after  refiraction.  On  removing  the  light  to  the  right  of  p,  the  incident  rays 
have  such  diminished  divergence  that  they  converge  after  refraction,  and 
meet  at  a  certain  distance  to  the  left  of  the  lens,  which  distance  diminishes 
aa  the  light  recedes  from  r ;  until  at  length,  when  the  luminous  object  is  so 
fiir  on  t&  right  side  of  the  lens  that  the  incident  rsys  may  be  considered 
parallel,  they  will  be  bent  into  a  focus  at  w^. 

Convex  lenses  are  subject  to  the  defect  called  $pherieal  aberration  equally 
with  concave  mirrors  (page  56),  and  from  the  same  cause.  The  opherical 
figure  of  a  convex  lens  causes  undue  refraction  of  the  rays  incident  n«sar  its 
margin,  so  that  such  rays  have  a  shorter  focal  distance  than  those  incident 
near  its  axis.  The  defect  is  more  conspicuous  in  lenses  of  considerable  curva- 
ture than  in  flat  ones ;  and  it  may  be  remedied  by  intercepting  the  marginal 
rays  with  an  opaque  screen,  or  by  forming  such  a  combination  of  lenses,  as 
may  augment  the  convergence  of  the  rays  near  the  axis  without  equally 
acting  on  thoiie  more  distant  from  it  In  the  eye  this  evil  is  averted  by  the 
substance  of  the  lens  increasing  in  density  from  its  margin  to  the  axis. 

The  action  of  concave  lenses, 
fig.  13,  is  the  opposite  to  that 
of  convex  lenses.  Drawing  a 
tangent  to*  any  point  of  the  X 
curve,  and  constructing  the  ^ 
sines  of  incidence  and  refrac-  rf  'Titfr'*''" 
tion,  as  in  figure  9,  it  will  be  ^  J^  ^^""'-^"Iz 
found  that  parsllel  rays  will  ^r 
be  so  refracted  by  both  sur-  -^ 
fiices  of  a  doubly  concave  lens, 
that  they  will  diverge  as  if  they  had  emanated  from  a  common  point  p  be- 
fore  the  lens,  termed  iu  principal  focus,  the  position  of  which  depends  on 
the  refracting  power  of  the  substance  of  the  lens,  as  well  as  on  iu  cnrya- 
ture.  Ckmversely,  the  rays  d'  d,  i{,  iT,  converging  towards  the  principal 
focus  r  of  a  doubly  concave  lens,  will  be  rendered  parallel  by  such  lens :  if 
their  original  convergence  were  less  rapid,  they  would  diverge  after  refnc- 
tion;  but  if  their  convergence  were  to  a  point  between  r  and  c,  they  would 
•till  converge  after  refraction,  and  meet  somewhere  along  the  axis  ro,  at  a 
point  less  remote  the  greater  the  original  convergence.    Rays  already  di- 
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^pergent  wiH  di?erge  still  more  after  pttanng  through  a  eoneare  lenik  Thus 
the  influence  of  ooncaTe  lenses,  whether  ooncave  on  both  sides  or  on  one 
odIt,  is  exactly  opposed  to  that  of  convex  lenses.  The  former  tend  to  dimi- 
nisn  or  destroy  converirenoe,  and  to  render  diverging  rays  still  more  diver- 
gent; whereas  the  latter  diminish  or  destroy  divergence,  and  give  increased 
convergence  to  rays  already  convergent 

TTie  refracting  properties  of  convex 
lenses  are  extensively  applied  in  the  con- 
sCroction  of  refracting  telescopes  and  micro- 
scopes, the  object  being,  as  in  reflecting  te- 
lescopes and  microscopes,  to  obtain  a  dis- 
tinct small  image  of  a  large  distant  object,  or 
a  magnified  representation  of  a  near  small  oh* 
jeet.  The  nature  of  such  combinations  is  illus- 
trated  by  the  annexed  wood-cat.  Fig.  13,  in 
which  obis  A  doubly  convex  lens  acting  on 
rays  from  a  distant  object  represented  by 
the  arrow  ux.  As  the  incident  rays  are 
not  parallel,  but  divergent,  the  rays  from 
each  point  oif  mn  will  be  collected  into  a  fo- 
cus at  a  distance  behind  o^,  somewhat 
greater  than  the  focus  of  parallel  rays/; 
and  an  inverted  image  nm  will  be  produced. 
The  length  of  the  image  to  that  of  the  ob- 
ject will  be  directly  as  their  respective  dis- 
tances from  the  centre  of  the  lens  a6,  ex- 
actly as  in  the  reflecting  telescope  (page 
57).  If  im  is  weU  illuminated,  its  image 
win  be  bright,  since  each  point  is  formed 
by  the  confluence  of  many  rajrs.  Tlie 
image  will  be  inverted,  the  rays  which 
emanate  from  the  upper  part  of  the  object 
forming  the  lower  part  of  the  image,  and 
conversely.  The  direction  in  which  the 
Fsys  from  any  point  m  meet,  may  be  found 
by  drawing  a  straight  line  from  m  through 
the  centre  e  of  the  lens  ab ;  for  as  the  ray 
Me  enters  the  lens  above  the  axis  at  the 
same  distance  as  it  quits  it  below  the  axis, 
the  second  refraction  is  exactly  the  reverse 
of  the  first,  and  the  ray  emerges  as  though 
it  had  passed  through  a  plane  sXrbb  (fig.  10), 
— movme  onwards,  not  strict^  in  the  same 
straight  line,  (though  for  convenience  it  is 
Qsoally  represented  as  such,)  but  in  a  line 
parallel  to  it  figure  13  likewise  exhibits  the  application  of  a  convex  lens 
m  the  construction  of  a  microscope.  For  if  nm  be  a  small  object  placed  a 
fittle  beyond  the  principal  focus  of  the  lens  a6,  the  rays  will  be  so  refracted 
as  to  form  a  large  inverted  image  mn,  the  size  of  which  is  determined  by 
the  rule  above  mentioned. 

A  convex  lens  fitted  into  the  wall  of  a  darkened  chamber  constitutes  the 
arrangement  of  a  camera  obacura,  the  inverted  images  of  external  objects 
being  received  on  a  disk  of  paper  or  a  white  board,  in  the  simple  telescope 
the  lens  is  placed  at  the  extremity  of  a  tube  of  such  length  that  the  image 
may  be  formed  witliin  the  tube,  and  the  observer  looks  from  the  other  end 
at  the  image  formed  in  the  air.  The  eye  acts  on  the  same  principle.  Lu- 
minoGs  rays  entering  the  transparent  parts  of  the  eye  are  refracted  by  the 
eomea  and  crystalline  lens,  and  are  brought  into  a  focus  at  the  bottom  of 
the  eye,  an  inverted  image  of  external  objects  bein^  formed  upon  the  retina 
IS  oo  the  table  of  a  camera  obscura.    For  distinct  vision  it  is  necessary  that 
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ilUi  imafftflliMiU  be  feraed  ejmc^j  on  tiw  reUoa.  Hence  were  (he  eye  an 
iM^Uaary  km,  hafing  an  wvariable  fixsus,  oar  range  of  vision  would  be  wry 
jMirow:  an  eye  fitted  lor  aeeing  at  a  diiitanoe,  would  be  uteleie  lor  near 
.objeota;  and.peraona  who  oould^ee  near  objects,  would  be  blind  to  remote 
jenea.  Two  rays  emanating  from  a  distant  point  cannot  both  fall  npon  ao 
small  an  object  as  the  eye,  unless  they  are  nearly  parallel ;  lor  if  they  di- 
verged by  even  a  very  small  angle,  they  would  before  reaching  the  eye  sepa- 
rate by  an  interval  exceeding  the  diameter  of  the  cornea.  On  the  contrary, 
rajrs  in  rapid  divergence  may  enter  the  eye,  provided  the  point  irom  which 
they  emanate  be  duee  to  it ;  and  the  nearer  the  object,  the  more  divecg^ot 
the  rays  which  enter.  When,  therefore,  we  observe  a  distant  landscape, 
then  successively  notice  nesrer  and  nearer  objects,  and  lastly  cast  the  eyes 
upon  the  pasfe  of  a  book  only  six  inches  disUnt,  we  receive  rays  oommg 
from  a  multitude  of  difierent  objects,  each  set  of  rays  having  iu  own  peco- 
liar  divergence,  and  requiring  a  separate  focus ;  and  yet,  so  wonderful  is  the 
adjusting  power  of  the  eye,  a  single  minute  suffices  for  distinctly  seeing  all 
the  objects  so  beheld,  without  the  consciousness  of  an  effort 

The  adjustment  of  the  eye  for  difierent  distances  appears  to  depend  on  a 
power  of  mcreasing  or  decreasing  the  distance  between  the  posterior  part  of 
the  eye  and  the  lens,  though  the  mechanism  by  which  this  is  accomplished 
is  unknown.  Some  ascrilM  it  to  a  change  in  the  figure  of  the  whole  eye- 
ball,  produced  by  the  muscles  which  move  the  eye ;  but  Sir  D.  Brewster,  I 
think  with  better  reason,  considers  the  position  of  the  lens  to  be  varied  by 
the  same  contractile  tissue  which  determines  the  movements  of  the  iris  and 
the  size  of  the  pupil.  To  this  adjusting  power,  however,  there  is  a  limit. 
The  distance  at  which  most  persons  see  small  objects  distinctljr  is  about  six 
Inches :  at  shorter  distances  the  rays  are  so  divergent,  that  their  focal  point 
Alls  behind  the  retina,  and  indistinct  vision  is  toe  consequence.  Persons 
caUed  long-^ighUd  are  unable  to  see  near  objects  distinctly,  owing  to  a  weak 
ren-acting  power  of  the  e^e,  due  to  deficient  convexity  or  densit]^  in  the  ho- 
mours  ofthe  eye.  This  is  the  infirmity  of  advancing  life,  and  is  remedied 
by  convex  glasses,  which  cause  diverging  rays  to  be  parallel  or  slightly  coo* 
vergent.  uk  tkori-ngkied  persons  the  refractive  power,  either  from  undue 
convexity  or  undue  otensity  of  the  cornea  and  lens,  is  so  powerful,  that  all 
rays  which  do  not  diverge  rapidly  are  brought  to  a  focus  before  they  reach 
the  retina.  Youth  is  the  period  most  obnoxious  to  this  imperfection,  and 
assistance  is  derived  fi'om  a  concave  glass,  which  causes  parallel  rays  to  di> 
verge,  and  thereby  counteracts  the  refracting  influence  of  the  eye. 

Objects  are  seen  erect  though  their  images  on  the  retina  are  inverted. 
The  direction  in  which  each  point  of  an  object  is  seen,  may  depend  either 
on  the  direction  ofthe  rays  which  form  it,  or  on  the  part  ofthe  retina  which 
is  imiuressed.  On  inspecting  the  image  nm,  figure  13,  it  will  be  seen  that 
any  point  n  is  formed  by  a  multitude  of  rays  lying  within  the  angle  6na, 
each  of  which  has  a  different  direction  from  the  others;  and  yet  when  a 
similar  collection  of  rays  is  formed  on  the  retina,  the  observer  sees  only  one 
jxiint  ir,  situated  nearly  in  the  direction  of  nes^  Such  and  similar  conside- 
rations justify  the  behef,  that  the  direction  in  which  a  luminous  point  is 
seen  depends  not  on  the  direction  of  the  rays  as  they  enter  the  eye,  but  on 
the  part  of  the  retina  which  is  impressed.  Sir  D.  Brewster  contends  that 
the  line  of  visible  direction  is  always  perpendicular  to  that  part  on  which  a 
ray  faUs ;  and  that,  as  the  eve-ball  isiiearly  a  perfect  sphere,  these  perpendicu- 
lars must  all  pass  through  the  centre  of  the  eye,  which  he  regards  as  the  centre 
of  visible  direetion.  To  me  his  arguments  do  not  appear  conclusive.  Were 
this  opinion  true,  the  point  m'  of  an  arrow  m'n',  figure  14,  would  be  seen 
along  the  dotted  line  mop,  appearingr  at  a  spot  very  remote  from  its  real  po. 
pition.  It  seems  more  consistoot  with  observation  to  take  the  centre  of  the 
crystalline  lens,  or  rather  of  the  collective  humours  of  the  eye  regarded  as 
one  lens,  as  the  centre  of  visible  direction.  Through  that  centre  c,  fig.  14, 
all  the  directions  pass  froop  each  part  of  an  image,  and  these  cross  each 
other :  the  lowest  part  of  an  imaffe  is  the  hiffhost  of  the  object,  and  the 
highest  ofthe  image  the  lowest  oft))e  object.    It  has  been  supposed  that  in 
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inftncy  we  actaal^  tee  erect  objectB  inverted,  and  enl^  dlMover  tkat  tiM 
are  nd  so  by  the  habitual  correetlon  derived  from  eiperienee;  hut  thia  ftl 
lacy  has  been  fttlly  corrected  by  obeervation  'on  peraona  bom  bind,  whb 
f&ral  obtained  the  power  of  naion  when  of  an  afe  to  eapreaa  what  theyi  m#. 

Tba  apparent  sise  of  objecta  depends  on  tSair  dia- 
tanoe  from  Uie  eye.    Let  mc,  nc,  fig.  14,  be  rays  from  ***•  ^*- 

the  eilreme  points  of  the  arrow  mw,  which  cross  within 
the  eye  at  o :  then  the  angle  mcn  is  teroied  the  vutud 
mmgie.  Mere  inspection  of  the  figure  shows  that  the 
Jai^  that  angle  is,  the  greater  will  be  the  arc  on  the 
retina  occupied  by  the  image  mn;  and  also  the  greater 
that  image,  the  greater  wm  be  the  angle  included  by 
the  Uaea  of  ▼isible  direction.  The  Tisoal  angle  in  fiict 
variea  exactly  as  the  arc  of  the  image ;  axnl  as  that  an. 
tl^  m^y  be  found  with  sufficient  accuracy  by  drawing 
MPM  fiom  the  eye  to  the  extremity  of  an  object,  it  af- 
fttds  a  cooreoient  expression  for  the  length  of  the  image : 
wbsn  the  anglea  are  aoiall,  the  linear  magnitudes  of  two 
objects  are  nearly  in  the  same  ratio  as  their  visual  an. 
fMB.  If  a  aecond  arrow  M'lf',  twice  as  long  as  mn,  be 
placed  parallel  to  mn,  and  at  double  ita  disUnce  from  the 
eye,  then,  by  the  properties  of  similar  trianglea,  their 
visual  anglea  will  be  equal,  and  their  apparent  magni. 
tode  identical  Conveiaely,  if  the  two  arrowa  be  paraL 
Jel,  haw  the  same  visual  angle  or  apparent  magnitude, 
and  one  be  twice  as  distant  aa  the  ether,  the  more  re. 
note  one  must  be  twice  aa  long  aa  the  other.  The  ap- 
parait  nsagutude  of  the  aome  object  at  different  dis- 
taacM  may  be  inferred  on  the  same  principles.  .  Thus 
B  M»  approach  the  eyev  remaining  upright  all  the  time, 
th»  visual  angle  wiil  enlarge,  and  at  half  the  distaaceita 
Mfth  wiU  appear  double;  or  if  mn  recede  from  the  eye, 
iMwIl  be  aeen  under  a  smaller  angle,  and  appear  pro- 
pertionaiiy  amaUeiv  until  at  double  the  distance  it  will 
■eem  to  be  half  of  jia  original  length.  In  fact,  the  ap- 
pamni  Jenglh  of  an  object  htcieaaea  in  the  ssoie  ratio  aa 
■*■  Aj^noe  from  the  eye,  or  mere  atricUy  from  the  point 
«  withw  ib»  eye)  decreaaea.  A  krge  object  seems  a  i^  "?.  I  L 
■MM  >|Mi  at  a  great  distance;  and  a  mmute  object  is  '  Su..iig> 
mvwUe  unless  brought  dose  to  the  eye.    To  bring  an  '"    ^^ 

u^e^  near  the  eye  is  to  magnify  it  Aiower  which  ap- 
pen  100  feet  high  to  a  person  4  miles  disUnt,  will  seem  SOO  feet  high  at  SI 
iiMlaB,aBd400atl  nHe;  and  the  type  of  a  book  which  at  12  inches  i^^peanra 
Ime  IB  Iragth,  will  appear  two  lines  at  6  inchea.  In  these  cases  it  is  the  Untax 
magmtode  which  variea  inversely  aa  the  distance :  the  aupevficial  exUnt,  or 
**?Lr«L^'y  MJ'^raely  aa  the  square  of  the  distance* 

T—.^'i^fi^  considerations  account  for  many  optical  phenomena.  Short. 
i^led  persons  see  m'raute  objects  better  than  those  who  have  a  long  aigfat, 
beeauee,  from  the  greater  refractive  power  of  their  eyes  (page  62),  they  can 
brag  the  object  closer  XA  the  eye  than  those  who  are  long.8ighted,and  there. 
*■»  aee  it  under  a  greater  angle.  But  byaid  of  a  convex  lens  a  long-sighted 
peraon  may  attain  the  same  end.    Let  him  place  the  object  in  the  focus  of  a 
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cwvex  lens,  and  the  eye  at  a  distance  behind  convenient  for  receiving  all 
ue  raya  which  pass  through  it  j  the  diverging  raya,  rendered  parallel  by  the 
{•"■•.•'•'•wJily  formed  by  the  eye  into  an  image  on  the  retina,  and  the  ob- 
jfet  I*  Men  under  the  same  angle  aa  though  the  eye  had  occupied  the  posi. 
tai  of  the  lens.  This  armgement  is  shown  by  figure  13,  where  mn  is  the 
o^ect,  aa  the  lens,  and  x  the  eye  of  the  observer.  If  the  focal  distance  of 
the  lens  be  1  inch,  we  gain  the  same  advantage  aa  though  the  eye  itself  were 
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|iUoed  at  one  inch ;  and  taking  6  inches  ai  the  sfaortett  diatanoe  of  diatinct 
.fiaion  with  the  unaided  eve,  the  apparent  lenflrth  of  the  arrow  will  be  in- 
ereaaed  in  the  ratio  of  1  to  6.  With  a  lens  of  hdf  an  inch  focoa,  the  increase 
.will  be  as  i  to  6,  or  1  to  12;  and  if  the  focua  ia  ^l^tliof  an  inch,  the  iocreaae 
will  bea8]to6,orlto60.  Cunvex  lenses  are  hence  familiarly  known 
bj  the  name  of  fiia^i^fi|-  glasses. 

Convex  lenses  are  simikrlj  employed  in  the  construction  of  compound 
mierascopes  and  telescopes.  In  figure  13,  let  nm  represent  a  small  object 
formed  by  Uie  lens  ah  into  an  enlarcred  image  hn  :  that  image  may  be  viewed 
by  the  eye  at  the  distance  of  6  inches ;  but  by  interposing  a  second  lens  ab 
of  1  inch  focal  distance,  the  effect  is  the  same  as  though  She  eye  were  at  1 
inch,  and  thus  the  image  is  further  increased  in  the  ratio  of  1  to  6.  The 
lens  AB  is  called  the  eye-glass,  and  ab  the  ohjeei-glass.  Again,  in  a  telescope^ 
a  large  distant  object  is  represented  as  a  minute  image,  and  so  ftr  its  mag- 
nifying power  depends  on  the  eye  being  able  to  inspect  a  small  image  at  6 
inches  instead  of  the  large  object  at  a  great  distance.  For  instance,  a  tower 
400  feet  high,  formed  into  an  image  1  foot  long,  is  thereby  shortened  400 
times ;  but  as  that  image  can  be  seen  distinctly  at  the  distance  of  )  a  foot 
instead  of  the  object  at  400  feet,  the  elongation  due  to  this  cause  alone  is  tm 
1  to  800.  The  apparent  height  of  the  tower  is  thus  diminished  400  times 
by  one  cause,  and  increased  oOO  times  by  another ;  so  that  the  compound 
efiect  is,  that  it  is  doubled.  But  by  employing  a  second  kns  with  a  very 
short  focus,  the  image  may  be  atlll  further  magnified  to  a  rreat  extent 

Double  Refraetion. — If  on  a  piece  of  paper  with  a  {{lack  line  on  its  sur- 
fiuie  we  nlace  a  rhombohedron  of  Iceland-spar,  and  then  look  at  the  line 
through  the  crystal,  it  will  be  found  that  in  a  certain  position  the  line  ap- 
peara  single  as  when  seen  through  water  or  glass ;  but  in  other  positions  of 
the  crystal  two  lines  are  visible  parallel  to  each  other,  and  separated  by  « 
distinct  interval.  The  light  in  passing  through  the  crystal  is  divided  into 
two  portions,  one  of  whidi  obeys  the  laws  of  refraction  already  explained 
(page  58) ;  whereas  the  other  portion  proceeds  in  a  wholly  different  direc- 
tion, and  hence  gives  the  appearance  of  two  objects  instead  of  one.  The 
former  ia  termed  the  ordinary,  the  latter  the  extraordinary  ray.  This  phe- 
nomenon is  known  by  the  name  ofdotMe  rrfraeiion,  and  has  been  witnessed 
in  many  crystallized  substances,  as  in  minerals  and  artificial  salts.  ^ 

Light,  transmitted  tlirough  Iceland-spar  or  other  doubly  refracting  sub- 
stances, is  found  to  have  suffered  a  remarlcable  change.  In  this  state  it  is 
distinguished  firom  common  light  by  the  circumstance,  that  when  it  ftlle 
upon  a  plate  of  glass  at  an  angle  of  56<>  IT,  it  is  almost  completely  reflected 
in  one  position  of  the  glass,  and  is  hardly  reflected  at  all  in  another:  if  re- 
fleeted^  when  the^  plane  of  reflection  is  vertical,  no  reflection  ensues  when  the 
reflecting  plane  is  horizontal,  the  incident  angle  being  maintained  at  56°  ir. 
This  curious  property,  so  different  from  common  light,  hss  been  theoreti- 
cally ascribed  to  a  kind  of  polarity  of  such  sort,  that  each  side  of  a  ray  of 
li^ht  is  thought  to  have  a  character  different  from  the  two  adjacent  sides  at 
ri^ht  angles  to  it;  and  hence  the  origin  of  the  term  polarized  tight,  by  which 
this  property  is  distinguished.  Light  is  polarized  by  reflection  from  many 
substances,  such  as  glass,  water,  air,  ebony,  mother-of-pearl,  and  many  crys- 
tallized substances,  provided  the  light  is  incident  at  a  certain  angle  peculiar 
to  each  surface,  and  which  is  called  the  polarizing  anffle.  Thus,  the  polar- 
izing angle  for  glass  is  56°  11',  and  for  water  53°  14';  that  is,  common 
light  reflected  by  glass  and  water  at  the  angles  staled  will  be  polarized. 

The  phenomena  of  double  refraction  and  polarized  light  constitute  a  de- 
partment of  optics  of  grest  and  increasing  interest;  but  it  is  too  remote  fW>m 
the  pursuits  of  a  chemical  student  to  be  treated  of  at  length  in  this  vrark. 
Those  interested  in  such  studies  will  find  an  excellent  guide  in  SirD.Brcw- 
fter*B  Treatise  on  Optics  in  the  Cabinet  Cyclopedia. 
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DBCOMPOSinON  OF  LIGHT. 

The  A&alyns  of  %ht  may  be  efiected  either  by  refractios  or  abeorptaon. 
Newton,  who  discovered  the  compoimd  nature  of  aolar  ligiit,  eiieeled  hi  da^ 
compoBition  by  refraction,  employing  a  solid  pieoe  of  glaae  bounded  by  three 
plane  eoriaceB,  well  known  under  the  name  of  the  primn.  Hie  nuide  of  ope- 
rating conaieted  in  adoutting  a  ray  of  light  lo,  £g,  1&,  into  a  dark  ohamber 
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tbroogfa  a  window^utter  dkf,  and  interposing  the  prism  acb,  so  that  the 
ray  shoold  pass  obliquely  through  two  surfaces,  and  be  refhicted  by  both. 
On  receiTing  the  refracted  ray  upon  a  piece  of  white  paper  lm,  there  ap- 
peared, instead  of  a  spot  of  white  light,  an  oblong  coloured  surface  compoeed 
of  eeren  diflSerent  tints,  called  the  pritmatic  or  9olar  spectrum.  On  subject- 
ing each  of  these  colours  to  refraction,  no  further  separation  was  accomplished; 
but  on  causing  the  rays  separated  by  one  prism  to  pass  through  a  second  of 
the  nune  power  and  in  an  inverted  position  cua,  the  seven  colours  disappear- 
ed, and  a  spot  of  white  lifht  appeared  at  h,  in  the  very  position  which  it 
woold  have  occupied  had  both  prisms  been  absent  From  such  and  similar 
experiments  Newton  inferred  that  white  light  is  a  mixture  of  seven  cdlor\fic 
rays, — ^red,  orange,  yellow,  green,  blue,  indigo,  and  violet ;  and  that  the  sepa- 
ration of  these  primary  or  simple  rays  depended  on  an  original  difference  of 
refrangibifity,  violet  being  the  most  refrangible  and  red  the  least  so. 

Though  a  prbm  is  the  most  convenient  mstrument  for  decomposing  li^ht, 
the  separation  of  the  coloured  rays  is  more  or  less  effected  by  refracting 
media  in  general  Lenses,  accordingly,  disperse  the  colorific  rays  at  the 
same  time  that  they  refract  them ;  and  this  effect  constitutes  one  of  the 
greatest  difficulties  m  the  construction  of  telescopes,  in  so  much  as  the  sepa- 
ration or  tUapernotty  as  it  is  termed,  of  these  rays  diminishes  the  distinctness 
of  the  image.    Thexombinations  by  which  the  defect  is  remedied  are  called 

Newton's  analysis  of  light  led  him  to  explain  the  origin  of  the  colours  of 
natural  objects.  Of  opaque  bodies,  those  are  black  which  absorb  all  the 
light  that  fidls  upon  them,  and  those  white  which  reflect  it  unchanged  ;  the 
various  combinations  of  tints  are  the  consequence  of  certain  rays  teing  ab- 
sorbed, while  those  alone  whose  intermixture  produces  tlie  observed  colour 
m  reflected.  The  same  applies  to  transparent  media,  which  are  colourless 
like  pore  water  when  the  light  passes  throuoh  unchanged,  but  are  coloured 
when  some  rays  are  transmitted  and  others  absorbed.  Iliis  absorption  of  cer- 
tain rays  by  coloured  media,  such  as  glass  of  different  tints,  affords  another 
mode  oif  decomposing  light ;  and  Sir  D.  Brewster  has  ingeniously  applied  it  to 
•aalyxe  the  seven  colours  which  compose  the  prismatic  spectrum.  He  has 
proved  by  such  experiments,  what  has  been  maintained  before,  that  the  seven 
eoloart  of  the  spectrum  are  occasioned  not  by  seven  but  by  three  simple  or 
primary  raya ;  namely,  the  red  yellow,  and  blue.    These  rays  are  ooncen- 
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tratad  iri  those  parte  of  the  spectram  where  each  pniutry  coloar  respectively 
appears ;  but  each  spreads  more  or  less  over  the  whole  spectrum,  the  mix- 
ture of  red  and  yellow  eiving  oran^  of  yellow  and  blue,  green,  and  red 
with  blue  and  a  little  yellow  causing  the  vibleU 

The  prismatic  colours,  according  to  the  cxperimcnte  of  Sir  W.  Herschel, 
differ  in  their  illuminating  power :  the  orange  illuminates  in  a  higher  de- 
gree than  the  red,  the  yellow  than  the  orange.  The  maximum  of  illumina- 
tion lies  in  the  brigiitest  yellow  or  palest  green.  The  green  itself  is  almost 
equally  bright  with  the  yellow ;  but  beyond  the  full  deep  green  the  illumi- 
nating  power  sensibly  decreases.  The  blue  is  nearly  equal  to  the  red,  the 
indigo  is  inferior  to  the  blue,  and  the  violet  is  the  lowest  on  the  scale.  (PhiL 
Trans.  1800.) 

Solar  light,  both  direct  and  diffused,  possesses  the  property  of  exciting 
beat  as  well  as  light  This  efiect  takes  place  only  when  the  ray  is  abaorl^ 
ed,  the  temperature  of  transparent  substances  through  which  it  passes,  or  of 
opaque  ones  that  reflect  it,  remaining  unchanged.  Hence  the  burning-glass 
and  concave  reflector  are  themselves  nearly  or  quite  cool,  though  at  the 
same  time  intense  heat  is  developed  at  the  focus.  The  intense  (^Idneas  vS 
the  higher  strata  of  the  air  arises  from  the  same  cause :  the  sun*s  rays  pass 
on  unabsorbed  through  the  atmosphere ;  and  its  lower  strata  would  also  be 
Tery  cold,  did  they  not  receive  heat  by  contact  from  the  earth. 

The  absorption  of  li|['ht  is  much  influenced  by  the  nature  of  the  surflioe 
oo  which  it  &lls ;  and  it  is  remarkable  that  those  substances  which  absorb 
radiant  heat  most  powerfully,  are  also  the  best  absorbers  of  light  Difference 
of  colour  has  still  greater  influence  over  the  absorption  of  light  than  of  sim- 
ple heat  That  dark-coloured  substduces  acquire  in  sunshine  a  higher  tem- 
perature  than  light  ones,  may  be  inferred  from  the  general  preference  given 
to  the  latter  as  articles  of  dress  during  the  summer;  and  this  practice, 
founded  oo  the  experience  of  mankind,  has  been  justified  by  direct  experi- 
ment Dr.  Hooke,  and  subsequently  Dr.  Franklin,  proved  tlie  fact  by 
placing  pieces  of  cloth  of  the  same  texture  and  size,  but  of  different  colours, 
upon  snow,  and  allowing  the  sun*s  rays  to  fall  upon  tliem.  The  dark- 
ooloured  specimens  always  absorbed  more  heat  than  the  light  ones,  the 
snow  beneath  the  former  having  melted  to  a  greater  extent  than  under  the 
others ;  and  it  was  remarked  that  the  effect  was  nearly  in  the  ratio  of  the 
depth  of  shade.  Sir  H.  Davy  also  exarpined  the  subject,  and  arrived  at  the 
same  conclusions. 

Calorific  Rays  of  the  Spectrum. — ^The  rays  of  the  prismatic  spectrum  difl 
fer  from  each  other  in  their  heating  power  as  well  as  in  colour,  a  fact  first 
observed  by  Sir  W.  Herschel,  whose  attention  was  attracted  to  it  by  the  cir- 
cumstance, that,  in  viewing  the  sun  with  large  telescopes  through  differently 
coloured  glasses,  he  sometimes  felt  a  strong  sensation  of  heat  with  little 
light,  and  at  other  times  he  had  a  strong  light  with  little  heat  This  obser- 
vation led  to  his  celebrated  researches  on  the  heating  pr)wer  of  the  prismatic 
colours.  (Phil.  Trans.  1800.)  The  experiments  were  made  by  transmitting 
a  solar  beam  through  a  prism,  receiving  the  spectrum  on  a  table,  and 
placing  the  bulb  of  a  very  delicate  thermometer  successively  in  the  different 
parte  of  it  While  engaged  in  this  inquiry,  he  observed  not  only  that  the 
red  was  the  hottest  ray,  but  that  there  was  a  point  a  little  beyond  the  red, 
altogether  out  of  the  spectrum,  where  the  thermometer  strxxl  higher  than  in 
the  red  itself.  By  repeating  and  varying  the  experiment,  he  found  that  the 
most  intense  heating  power  was  always  beyond  the  red  ray,  where  there 
was  no  light  at  all ;  and  that  the  heat  progressively  diminished  in  passing 
from  the  red  to  the  violet,  where  it  was  least  He  hence  inferred  that  there 
cxiste  in  the  solar  beam  a  distinct  kind  of  ray,  which  causes  heat  but  not 
light;  and  that  these  rays,  from  being  less  refrangible  than  the  luminous 
ones,  deviate  in  a  smaller  degree  from  their  original  direction  in  passing 
through  the  prism.  "* 

All  succeeding  experimenters  confirtn  the  stetement  of  Sir  W.  Herschel, 
that  the  prismatic  colours  differ  in  heating  power;  but  they  do  not  agree  as 
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to  the  flpQi  where  the  kfitit  is  g^test.  Sir  H.  Englefidd,  Davy,  and  others 
•ffirmed  with  HerBchel  that  it  is  beyond  the  red  ray  ;  while  others,  and  in 
puticiilar  Leslie,  oootended  that  it  is  in  the  red  itself.  The  obserFatians  of 
the  late  Dr.  Seebeck  (Edin.  Joar.  of  Science,  i.  358),  have  explained  these 
ooQlradiGtoTy  statements,  by  showing  that  the  point  of  greAtBti  heat  varies 
with  the  kind  «if  prbm  which  is  employed  for  forming  the  spectrum.  When 
ha  used  a  ^ism  of  fine  flint-glass,  the  greatest  heat  was  uniformly  beyond 
the  red;  with  a  prism  of  crown-glass,  the  red  itself  was  the  hottest  part; 
and  with  a  prism  externally  of  glass,  but  containing  water  within,  the  mazi- 
mmn  heat  waa  neither  in  the  red  itself,  nor  beyond  it,  but  in  the  yellow. 
TlMse  experiments  have  been  confirmed  by  Melloni,  who  has  suooeeded  with 
a  pffiam  <^  rock-salt  in  separating  the  spot  of  maximum  heat  from  the  colour- 
ed  part  of  the  spectrum  by  a  much  greater  interval  than  had  been  done  pre- 
vioDsly :  his  carious  and  surprising  results  appear  to  me  to  dissipate  all  re- 
inaimng  doubt  as  to  the*  existence  in  solar  light  of  calorific  rays  distinct 
firom  trae  rays  which  produce  colour.  He  aim  traces  the  cause  of  the  va- 
ryi^  position  of  the  maximum  heat  to  the  unequal  absorptive  power  of  di& 
Mrent  transparent  media.  Rock-salt  is  freely  transmissible  to  the  least  re* 
fiangibfe  calorific  rays  in  solar  light,  but  absorbs  a  greater  proportion  of 
thoee  which  are  more  refinngible;  whereas  the  latter  pass  more  easily 
through  flint-glass,  yet  more  readily  through  crown-glass,  and  with  stilt 
greater  freedom  through  wster.  Hence  in  successively  employing  a  prism 
of  these  finr  substances  in  the  order  stated,  the  spot  of  grreatest  he£  is  found 
to  be  &r  beyond  the  red,  then  approaches  the  red,  next  in  the  red  itself  and 
hstly  is  in  the  yellow  part  of  the  spectrura^ — ^Thie  preceding  facto  go  fiir  to 
prove  that  most,  if  not  all,  of  the  heating  power  ascribed  to  Tight  is  due,  not 
to  the  absorption  of  luminous  rays,  but  to  that  of  the  heat  by  which  they  are 
accompanied. 

CActmeai  Rajftj— -It  has  long  (been  known  that  solar  light  is  capable  of 
prodocing  powerful  chemical  changes.  One  of  the  most  striking  instances 
of  it,  is  ito  power  of  darkening  the  white  chloride  of  silver,  an  effect  which 
takes  place  slowly  in  the  difiiued  light  of  day,  but  in  the  course  of  two  or 
three  minutes  by  exposure  to  sunshine.  This  effect  was  once  attributed  to 
the  influence  of  the  luminous  rays;  but  it  appears  from  the  observations  of 
Ritter  and  WoUaston,  that  it  is  owing  to  the  presence  of  certain  rays  that 
excite  neither  heat  nor  lifht,  and  which,  from  their  peculiar  agency,  ar« 
termed  ekemieal  rays.  It  is  found  that  the  greatest  chemical  action  is  ex- 
erted  just  beyond  or  at  the  verge  of  the  violet  part  of  the  prismatic  speo- 
tram ;  that  the  spot  next  in  energy  is  the  violet  itself;  and  that  the  property 
gradually  diminishes  in  advancing  to  the  green,  beyond  which  it  seems 
whoDy  wanting.  It  hence  follows  that  tlie  chemical  rays  are  still  more  re- 
frangible than  the  luminous  ones,  in  consequence  of  which  they  are  dis- 
persed in  part  over  the  blue,  indigo,  and  violet,  but  in  the  greatest  quantity 
at  the  extreme  border  of  the  latter. 

Magnetiximg  Rays. — ^The  more  refrangible  rays  of  light  have  been  thought 
to  possces  the  property  of  rendering  steel  and  iron  magnetic.  The  existence 
of  this  property  was  first  asserted  by  Dr.  Morichini  of  Rome.  Other  ob- 
servers subsequently  failed  in  obtaining  the  same  resulta ;  but  in  the  year 
1836  the  fiict  appeared  to  be  decisively  established  by  the  learned  and  ac- 
complished  Mrs.  Somervillc,  in  an  essay  published  in  the  Transsctions  of 
the  Royal  Society.  .  Since  that  period  the  subject  has  been  re-examined  by 
MM.  Kiess  and  Moser.  They  object  to  Mm.  Somerville*s  results,  that  her 
method  of  ascertaining  the  magnetic  state  of  the  needles  used  in  the  experi- 
meoto  was  not  sufficiently  precise :  they  found  that  the  duration  of  the  oscil* 
lations  of  needles  is  exactly  the  same  whether  they  are  made  to  oscillate  in 
the  shade  or  underexposure  to  the  ooncentratin]  violet  ray  of  the  spectrum,  a 
rBBuh  which  could  not  occur  had  even  a  feeble  degree  of  msp^etism  been 
excited ;  and  they  accordingly  deny  the  supposed  magnetizmg  power  of 
light    (Edin.  Joorn.  of  Science,  ii.  225.) 
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TERRESTRIAL  LIOHTT. 

Under  tkii  head  are  included  all  kinds  of  artificial  lif  ht.  The  oommon 
method  of  obtaining  sach  light  ia  bj  the  oombuation  of  inflamflAable  matter^ 
which  gi?e8  oat  ao  maeh  hMt  that  the  horning  aabatance  is  rendered  Inmi- 
noua  in  the  act  of  being  bnmed.  All  bodies  begin  to  emit  light  when  beat 
ie  aecnmolated  within  them  in  great  quantity ;  and  the  appearance  of  glow- 
ing or  ahining,  which  they  then  assome,  is  called  ineandetcenc:  The  tem- 
peratore  at  which  solids  in  general  begin  to  ahine  in  the  dark  is  between 
600^  and  70(K>  F;  bat  they  do  not  appear  laminons  hi  broad  daylight  till 
they  aro  heated  to  about  1000^.  The  oolonr  of  ineandeseent  bodies  Tariee 
with  the  intensity  of  the  heat  The  first  degree  of  laminonsness  is  an  ob« 
score  f«d.  As  the  heat  augments,  the  redness  becomes  more  and  mortf  vivid, 
till  at  last  it  acquires  a  full  red  glow.  If  the  temperature  still  increase,  the 
character  of  the  glow  changes,  and  by  degrees  it  becomes  whiter  shining 
with  increasing  brilliancy  as  the  beat  augments.  Liquids  and  gaees  likewise 
baoome  ineandeseent  when  strongly  heatod ;  but  a  yery  high  tsmperatore  ia 
required  to  render  a  gaa  luminous,  more  than  ia  soffictsnt  for  heating  a  rntbd 
body  even  to  whiteness.  The  difierent  kinds  of  flame,  as  of  the  fire,  candlaa, 
and  gas  light,  are  instances  of  incandescent  gaseous  matter. 

Artificial  lights  difier  in  colour,  and  accordingly  exhibit  dificnrent  appear* 
ances  when  transmitted  through  a  prism.  The  white  light  of  incandescent 
charcoal,  which  is  the  princifnl  source  of  the  fight  from  eandlta,  oils,  and 
the  illuminating  gases,  contains  the  three  primary  colorific  rays,  the  red, 
yellow,  and  srreen.  The  daxaUng  light  emitted  by  lime  intensely  healed, 
first  proposed  by  Lieut  Drammond  ibr  the  trigonometrical  survey  (Phil. 
Trans.  1^3U),  and  of  late  so  successfully  applied  by  Messrs.  Cooper  and  Carey 
fiir  their  gas  microscope,  gives  the  prismatic  colours  almost  as  bright  as  in 
the  solar  spectrum.  The  light  emitted  by  iron  feebly  incandescent  consists 
principally  of  the  blue  and  red  rays,  as  docs  the  red  light  obtained  by  means 
of  strontia  and  lithia ;  that  from  ignited  boractc  acid  is  such  a  mixture  of  the 
blue  and  yellow  rays  as  constttutes  green ;  and  incandescent  soda  emits  a 
yellow  li|^t,  almost  wholly  free  firom  the  rays  which  cause  the  red  and  blue 
Coloars. 

Artificial  light  Htkn  from  solar  light  in  eontaining  beat  in  two  states.  It 
contains  simple  radiant  heat  like  that  radiated  from  a  body  not  luminous, 
and  which  may  be  separated  by  transmission  through  a  plate  of  moderately 
thick  glass;  but  the  light  so  purified  still  heats  any  body  which  absorbs  it, 
and  ia  thus  bdievod  to  possess  calorific  rays  associated  with  its  lominous 
rays  like  those  in  solar  light,  and  like  them  to  be  susceptible  of  refraction  by 
transparent  media.  Thus,  Mr.  Daniell  fijund  that  the  rays  firom  ineandes- 
cent  lime  were  concentrated  by  convex  lenses,  and  set  fire  to  phaephoms 
placed  in  the  focus.  (Phil.  Mag.  N.  S.  ii.  59.)  The  heat  exeited  under  such 
circumstances  may  of  course  be  ascribed  to  the  absorption  of  luminous  rays ; 
but  the  experiments  of  Herschel  with  si>lar  light  suggest  the  idea  that  ealori. 
fie  rays  capable  of  transmission  through  glass  may  also  exist  in  artifidal 
light,  and  this  q>inion  has  been  verified  by  the  late  researches  of  Melloni. 
Nothing  could  show  the  fact  in  a  more  distinct  point  of  view  than  the  disco, 
very,  by  this  ingenious  cxperinkcnter,  that  transparent  me<fia  are  u neeuoUy 
permeable  by  colorific  and  calorific  rays :  subsUnccs  almost  opaque  in  re- 
gard to  light,  were  fiinnd  to  give  free  passage  to  calorific  rays ;  while  others 
oi  the  most  perfect  transparsncy  are  little  permeable  to  heat  Melloni  has 
consequently  introduced  a  difitinct  name,  diathermanous  (from  /lo  and  d-*^. 
fAajfm)  to  denote  free  permeability  to  heat,  just  as  diaphanous  is  formed  from 
Si^  and  ^«i>«.  Rook-salt  is  remarkably  diathermanous  or  trutueaUnt^ 
greatly  more  so  than  glaos  offer  greater  transparency.  Chloride  of  sulphur 
of  a  reddisb.brown  tint  is  more  diathermanous  than  nut  and  dive  oil  of  a  light 
yellQw  colour,  and  these  than  the  purest  ether,  alcohol,  and  water,  the  trans, 
parency  of  these  substances  being  in  the  opposite  order.  A  great  many  fiwts 
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of  a  like  kind  are  ennmerated  in  Melloni's  eaaay,  which  ii  hirhly  deaenring 
of  attention.  The  source  of  heat  was  a:n  argand  oil-lamp,  and  the  tempera- 
tore  measured  bjr  the  thermo-multiplier  (page  11).  (An.  de  Ch.  et  de  Ph. 
liii.5.) 

The  cbemical  agency  of  artificial  light  is  analogous  to  that  from  the  sun. 
In  general  the  former  is  too  feeble  for  producin|r  any  Tiaible  effect ;  but  light 
0^  considerable  intensity,  such  as  that  from  ignited  lime,  darkens  chloride  of 
ailTer,  aod  seems  capaUe  of  exerting  the  same  cbemical  afenuies  as  solar 
ligfaC,  though  in  a  degree  proportionate  to  its  inferior  brilfiancy.  (An.  of 
nH  xzriL  451.) 

Light  is  emitted  by  some  substances  either  at  common  temperatures  or  at 
a  degree  of  heat  disproportioned  to  the  effect,  giving  rise  to  an  appearance 
whidi  is  called  plumphore$eence.  This  is  exemplified  by  a  composition  termed 
CmmiatC$  jfkoapkorutt  made  by  mixing  three  parts  of  calcined  oyster-shells 
witib  ooe  of  the  flower*  of  sulphur,  and  exposing  the  mixture  for  an  hour  to 
a  etroi^  heat  in  a  covered  crucible.  The  same  property  is  possessed  by 
chloride  <^  caJdum  (Homberg's  phosphorus),  anhydrous  nitrate  of  lime 
(Baldwin^  phosphorus),  some  carbonates  and  sulphates  of  baryta,  strontia,  and 
Iioie,  the  diamond,  some  varieties  of  fluor-spar  called  ehlerophane^  apatite, 
boracic  acid,  borax,  sulphate  of  potaasa,  sea-salt,  and  by  many  other  sub- 
■tenoes.  Scarcely  any  of  these  phospfaori  act  unless  they  have  been  pre- 
viooaly  exposed  to  liffht :  for  some,  diffused  day.light  or  even  lamp-hght 
wiD  suffice ;  while  others  require  the  direct  solar  light,  or  the  light  of  an 
deetric  discharge.  Exposure  for  a  few  aeconds  to  sunshine  enables  Canton's 
phosphorus  to  emit  light  visible  in  a  dark  room  for  several  hours  afterwards. 
Warmth  increases  the  intensity  of  liffht,  or  will  renew  it  after  it  has  ceased  ;— 
but  it  diminishes  the  duration.  When  the  phosphorescence  has  ceased  it 
nay  be  restored,  and  in  general  for  any  number  of  times,  by  renewed  expo- 
rare  to  sunshine ;  and  tte  same  effect  may  be  produced  by  passing  electric 
fiadiargcs  thToup^h  the  phosphorus.  Some  phoephori,  as  apatite  and  chloro- 
rinne,  do  not  shine  until  they  are  gently  heated ;  and  yet  lif  exposed  to  a  red 
beat,  they  lose  the  property  so  entirely  that  exposure  to  solar  light  does  not 
restore  it.  Mr.  PearsaU  has  remarked  that  in  these  minerals  the  phoepho- 
reooenoe,  destroyed  by  beat,  is  restored  by  electric  discharges ;  that  speci- 
meDS^  of  floor-spar,  not  naturally  phosphorescent,  may  be  rendered  so  by 
ttfedricitj;  and  that  this  agent  exalts  the  energy  of  natural  phospbori  in  a 
rerj  remarkable  degree.  (R.  Inst.  Journal,  N.  S.  L)— The  theory  of  these 
phenomena,  like  that  of  light  itself,  is  very  obscure.  The^r  have  been  attri- 
buted to  direct  absorption  of  light,  and  its  subsequent  evolution ;  but  the  fact, 
that  the  .colour  of  the  light  emitted  is  more  dependent  on  the  nature  of  the 
phosphorescent  body  than  on  the  colour  of  the  light  to  which  it  was  exposed, 
seems  inconsistent  with  this  explanation.  Chemical  action  is  not  connected 
with  the  phenomena ;  for  the  phospbori  shine  in  vacuo,  and  in  gases  which 
do  not  act  on  them,  and  some  even  under  water. 

Another  kind  of  phosphorescence  is  observable  in  some  bodies  when 
strongly  heated.  A^  piece  of  lime,  for  example,  heated  to  a  degree  which 
would  only  make  other  bodies  red,  emits  a  brilliant  white  light  of  such  in- 
tensity  that  the  eye  cannot  support  its  impression. 

A  third  species  of  phosphorescence  is  observed  in  tbe  bodies  of  some  ani- 
mals, either  in  the  dead  or  living  state.  Some  marine  animals,  and  particu- 
lariy  fish,  possess  it  in  a  remarkable  degree.  It  may  be  witnessed  in  the 
body  of  the  herring,  which  begins  to  phosphoresce  a  day  or  two  afier  death, 
and  be&re  any  vieiUe  sign  of  putrefaction  has  set  in.  Sea-water  is  capable 
of  dissolving  the  luminous  matter ;  and  it  is  probably  from  this  cause  that 
the  waters  of  the  ocean  sometimes  appear  luminous  at  night  when  agitated. 
Hiis  appearance  is  also  ascribed  to  the  presence  of  certain  animalcules, 
wUeh,  like  tbe  glow-worm  of  this  country.  Or  the  fire-fly  of  the  West  Indiea, 
■re  natorally  phosphorescent  . 

Light  is  sometimes  evolved  during  the  process  of  crystalliaation.  This  is 
"^   1  by  a  tepid  solotion  of  sulphate  of  potassa  In  the  act  of  crystal- 
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Ikin^;  diiditli^b  been  likewise  widened  uniler  slpilkr  circomBtances  io  a 
■blafion  of  fluoride  of  sodium  and  nitrate  of  strontia.  Another  instance  of 
th^  kind  is  afforded  by  the  sabliroation  of  benzoic  acid.  Allied  to  this  phe- 
nomenon is  the  phosphorcsoeoce  which  attends  the  sudden  contraction  of 
pbrous  substances.  Thus,  on  decomposing  by  heat  the  hydrates  of  zirconia, 
peroxide  of  iron,  and  green  oxide  of  chromium,  the  dissipation  of  the  water 
IV  followed  by  a  sudden  increase  of  density  suited  to  the  changed  state  of  the 
oxide,  and  a  vivid  glow  appears  at  the  same  instant.  The  essential  conditions 
si^  that  a  substance  shodd  be  naturally  denser  after  decomposition  than  it 
was  previously,  and  that  the  transition  from  one  mechanical  state  tO  the  other 
rfxomd  be  abrupt 

It  is  sometimes  of  importance  to  measure  the  comparative  intensities  of 
figlit,  and  the  instrument  by  which  this  is  dodc  is  called  a  Photometer.  The 
otdf  photometer  which  is  empfoyed  forestimatinjor  the  relative  strength  of  the 
rftfn*B  light  is  that  of  Leslie.  It  consisU  of  his  differential  thermometer, 
#ith  one  ball  made  of  black  ^lass.  The  clear  ball  transAiits  all  the  light  that 
fkib  upon  it,  and,  therefore,  its  temperature  is  not  affbcted ;  they  are  all  ab- 
^rbed,  oni  the  eodtrarv,  b^  the  black  ball,  and  by  heating  and  expanding  the 
e&t  within;  cause  ttk^  liquid  to  ascend  in  the  opposite  stem.  The  whole  in. 
stmment  is  covered  witn  a  case  of  thin  glass,  the  object  of  which  is  to  pre- 
vent the  bafls  fi-om  being  affected  by  currents  of  cold  air.  The  action  of 
this  ph<)tometer  depends  on  the  heat  produced  by  the  absorption  of  light 
£eali^  conceivcffl  that  light  when  absorbed  is  converted  into  heat ;  but  aecord- 
ihg  tb  the  experiments  already  referred  to,  the  effbct  must  be  attributed,  not 
so  nCmeh  (o  the  light  itself,  as  to  the  absorption  of  the  calorific  rays  by  whicb 
it  is  accompattiied. 

Bit  J.  ficslii^  recommended  his  photometer  also  for  determining  the  relative 
intensities  of  Artificial  light,  sucn  atf  that  emitted  by  candles,  oil,  or  eas. 
This  appficatiott  of  it  diffbrs  from  the  fbregoing,  becnuse  light  prooeemng 
ttom  terrestrial  sources  contains  heat  under  two  forms.  One  portioiris  ana^ 
logous  to  that  emitted  by  a  hot  body  which  is  not  luminous ;  the  other  i# 
■imihir  to  that  which  Accompanies  solar  light  It  is  presumed  that  the  first 
fbrm  of  Heat  will  not  prove  a  source  of  error ;  that  these  rhys  are  wholly  in- 
tdrtepted  by  the  outer  Case  of  glass ;  or  that,  should  a  f^w  pettetrale  into  the 
interior,  they  wQl  hb  absoibed  equally  by  both  balls,  and  will  therefore  heat 
them  to  the  same  extent.  It  is  probable  jliat  this  reasoning  is  not  wide  of  the 
ttlith ;  and,  consequently;  the  photometer  win  give  correct  indications  so  fiur 
ai  ra^rds  the  new  element — ^non-luminous  heat  But  it  is  not  applicable  t» 
IMts  which  differ  in  colour,  because  the  relation  between  the  heating  and* 
illuminating  power  of  such  lights  is  exceedingly  variable.  Thus,  the  light 
emitted  by  burning  cinders  or  red-hot  iron,  even  after  passing  through  glass, 
contains  a  quantity  of  calorific  rays,  which  is  out  of  tA\  proportion  to  the 
Imninous  ones ;  and,  oonsequentlr,  they  may  and  do  produce  a  greater  effect 
on  the  photometer  than  some  lights  whose  illuminating  powers  are  fiur 
•trdhger. 

The  second  kind  of  photometer  is  cm  a  totally  dif!brent  principle.  It  de- 
termines the  comparative  strength  of  lights  by  a  comparison  of  their  sha- 
dows. This  instrument  was  invented  by  Count  Rumford,  and  is  described 
by  him  in  his  Essays.  It  is  susceptible  of  great  accuracy  when  employed 
with  the  requisite  care;*  but,  like  the  foregoing,  its  indications  cannot  be 
trusted  when  there  is  much  difference  in  the  colour  of  the  lights;  In  this 
ease,  the  best  mode  of  obtaining  an  approximatiye  result,  is  by  observing 
the  distance  from  each  light  at  which  any  given  object,  as  a  printed  page, 
ceases  to  be  dbtinctly  visible.l  The  illummating  power  of  the  bgfats  so  oom- 
pured  is  as  the  squares  of  their  distances. 

-■-■   1  -  ■  .11 -  I 

*  See  an  Essay  on  the  construction  of  Ckwl  6aB  Burners,  d&c  in  the  Edin- 
borgh  Philosophical  Journal  for  1835. 
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SECTION  III. 


ELECTRICITY. 

EiemaUmy  PaeU. — When  certain  rabetanees,  saojb  u  amber,  glass,  seal- 
in^^-waz  and  snlphnr,  are  nibbed  with  irj  silk  or  cloth,  they  are  fbond  to 
have  acquired  a  property,  not  observable  m  their  ordini^ry  state,  of  causing- 
ooDtignoos  light  bodies  to  mo?e  towards  them ;  or  if  the  substances  so  rob- 
bed l^  light  and  freely  suspended,  they  wHl  move  towards  contiguous  bodlcai. 
After  a  while  tUs  cnrioas  phenomenon  ceases ;  but  it  may  be  renewed  ap 
Indefinite  number  of  times  by  friction.  The  principle  thus  called  into  action 
is  known  by  the  name  of  eUetrieity,  from  the  Greek  word  nik.M'r^er,  amber, 
because  the  electric  property  was  first  noticed  in  it  The  same  term  is  ap- 
plied Co  the  science  which  treats  of  the  pheoomena  of  electricity. 

When  a  substance  by  friction  or  any  other  means  acquires  the  property 
just  stated,  it  is  said  to  be  eUctr^/Ud,  or  to  be  electrieaUy  excited ;  and  its 
motion  towards  other  bodies,  or  of  other  bodies  towards  it,  is  ascribed  to  a 
ibvee  called  tUehie  atlradum.  But  its  influence,  on  examination,  will  be 
fevnd  to  be  not  merely  attractive ;  on  the  contrary,  light  substances,  niter 
toodhing  the  electrified  body,  will  be  disposed  to  recede  from  it  just  as  ac- 
tiveljjT  as  they  approached  it  before  contact  This  is  termed  eUciric  repulsion* 
By  aid  of  the  dectrical  machine  these  phenomena  of  electric  attraction  and 
repulsion  may  be  displayed  by  a  great  variety  of  arousing  and  instructive 
dperimentp,  showing  how  readily  an  invisible  power  is  ca&d  into  operation, 
and  how  wonderfully  inert  matter  is  subject  to  its  control.  But  the  student 
inay  witness  these  efiects  quite  satisfactorily  by  very  simple  apparatus.  Let 
him  soapend  a  thread  of  white  sewing  silk  from  the  back  of  a  chair  so  that 
nne  end  may  hang  freely,  taking  the  precaution  to  moisten  that  end  slightly 
iiy  hoUBnff  it  between  the  fingers,  while  the  rest  of  the  thread  is  carefully 
diied  by  the  fire ;  and  let  bim  then  place  near  the  free  end  a  piece  of  sealing- 
wax  previonsiy  rubbed  oo  the  sleeve  of  his  coat  The  silk  will  move  towards 
it ;  bot  wiSler  touching  the  excited  wax  two  or  three  times,  it  will  recede 
frtNn  it 

When  an  electrified  body  touches  another  which  is  not  electrified,  the 
electric  property  is  imparted  by  the  former  to  the  latter.  Thus,  on  touching 
the  f^  end  of  the  suspended  silk  thread  with  the  excited  wax,  the  silk  wifl 
itself  be  exeited,  as  shown  by  its  moving  towards  a  book,  a  knife,  or  other 
mezeited  object  |daoed  near  it  But  though  electricity  is  always  imparted 
by  an  exdted  to  an  unexcited  body  by  contact,  the  latter  does  not  always 
exhibit  electric  excitement  If,  for  example,  the  suspended  silk  be  wetted 
«]ong  its  whole  length,  it  will  be  strongly  attracted  by  the  excited  wax,  but 
•fler  contact  it  will  not  evince  the  least  sign  of  being  itself  electrified.  Never. 
theless,  eketridty  is  commmunicated  to  the  silk  in  both  cases,  only  it  is 
retained  by  silk  when  dry,  and  is  lost  as  soon  as  received  by  wet  silk.  Such 
obseryatioos  led  to  the  discovery  that  electricity  passes  with  great  case  over 
the  surftce  of  some  substances,  and  with  difiiculty  over  that  of  others,  and 
hence  to  the  division  of  bodies  into  condttetorw  and  fum-eondmctore  of  ekc- 
trieaty.  If  electricity  be  imparted  to  one  end  of  a  conductor,  such  as  a  cop- 
per  wire,  the  other  extremity  of  which  touches  the  ground,  or  is  held  by  a 
perso|i  stending  6n  the  ground,  the  electricity  will  pass  along  ite  whole  length 
and  escape  in  an  instant,  though  the  wire  were  several  miles  long ;  whereas 
exeited  ghss  and  resin,  which  are  non-conductors,  may  be  freely  handled 
without  losing  any  electricity  except  at  the  parte  actually  touched.  To  this 
daas  of  oottdnetors  belong  tte  metels,  charcoal,  plumbago,  water,  and  aqneons 
•olotioDS,  and  substances  generally  which  are  moist  or  contain  water  in  ite 


79  SLCcTRicirr. 

liquid  itate,  sach  w  animals  and  plants,  and  the  sur&ce  of  the  earth.  TheM, 
however,  diflfer  in  their  oondnctin^  power :  of  the  metals,  Mr.  Harris  found 
silver  and  copper  to  be  the  best  condactors,  and  after  these  follow  jrald,  sine, 
nhitinum,  iron,  tin,  lead,  antimony,  and  bismuth.  (Phil.  Trans.  1^7,  Part  i. 
izl.)  Mr.  Forbes  has  lately  called  attention  to  the  fact  that  the  foregoing 
order  is  very  nearly  the  same  as  that  expressive  of  their  conducting  power 
for  heat  Aqu^us  solutions  of  acids  and  saUs  conduct  much  better  than 
pure  water.  To  the  list  of  non-conductors  belong  glass,  resins,  sulphur,  dia- 
mond, dried  wood,  precious  stones,  earth  and  most  rocks  when  quite  dry, 
silk,  hair,  and  wool.  Air  and  gases  in  general  are  non-conductors  if  dry,  but 
act  as  conductors  when  saturated  with  moisture. 

This  knowledge  is  of  continual  application  in  electrical  ezperimenta. 
When  it  is  wished  to  collect  electricity  on  a  metallic  surfiice,  the  metal  roust 
be  insulated^  that  is,  cut  off  from  contact  with  the  earth,  and  with  conductors 
touching  the  ground,  by  means  of  some  non-conductor ;  an  object  commonly 
effected  either  by  supporting  it  on  a  handle  of  glass,  or  by  placing  it  on  a 
stool  made  with  glass  feet  Another  mode  of  insulating  is  to  suspend  a  sub- 
stance by  silk  threads.  But  such  insulators  must  be  dry ;  since  they  begin 
to  conduct  as  soon  as  they  grow  damp,  and  conduct  well,  as  in  the  experiment 
above  described,  when  wet  Again,  electrical  experiments  are  very  apt  to 
fail  in  damp  weather,  because  the  moisture  both  carries  off  electricity  directly, 
and  by  bein|r  deposited  on  the  glass  supports,  destroys  the  insulation. 

To  diminish  this  inconvenience  it  is  usual  to  keep  the  insulators  warn, 
and  to  coat  them  with  a  varnish  made  by  dissolving  the  resin  called  shell-lac 
in  alcohol,  this  resinous  matter  being  much  less  prone  to  attract  moisture 
from  the  air  than  glass.  The  same  principles  account  for'an  error  once  preva- 
lent that  a  metal  cannot  be  excited  by  friction :  if  held  in  the  hand,  indeed,  it 
exhibits  no  sign  of  excitement  when  rubbed,  because  the  electricity  is  carried 
off  as  soon  as  excited ;  but  if,  while  carefully  insulated,  it  is  rubbed  with  a 
dry  cat*8  fur,  excitement  readily  ensuea 

On  comparing  the  electric  properties  manifested  by  glass  and  sealing-wax 
when  both  are  rubbed  by  a  wooUen  or  silk  cloth,  they  will  be  found  essen- 
tially different ;  and  hence  it  is  inferred  that  there  are  two  kinds  or  stales  of 
electricity,  one  termed  vUrequ$,  because  developed  on  glass,  and  the  other 
resinoiu  eleqtricity,  from  being  first  noticed  on  resinous  substances.  These 
two  kinds  of  electricity,  one  or  other  of  which  is  possessed  by  every  etoe- 
trified  substance,  are  also  termed  pontive  and  negative,  the  terms  vtlreoKS 
and  paeitive  hf^in^  used  synonymously,  as  are  resinous  and  negative.  The 
mode  of  distinguishing  between  positive  and  negative  electricity  is  founded 
on  the  circumstance,  that  if  two  electrified  substances  are  both  positive  or 
both  negative,  they  are  invariably  disposed  to  recede  from  each  other,  that  is, 
to  exhibit  electric  repulsion ;  but  if  ope  be  positive,  and  the  other  negative, 
their  mutual  action  is  as  constantly  attractive.  The  end  of  a  silk  Siread, 
after  contact  with  an  electrified  stick  of  sealing-wax,  is  repelled  by  the  wax, 
because  both  are  in  the  same  electric  state ;  but  if  a  dry  warm  wine-glass 
be  rubbed  with  cloth  or  silk,  and  then  presented  to  the  thread,  attraction  wiH 
ensue.  A  silk  thread,  in  a  ibiotrn  electric  state,  thus  indicates  the  kind  of 
electricity  possessed  by  other  substances :  a  convenient  mode  of  doing  this, 
is  to  draw  a  thread  of  white  silk  rapidly  through  a  fold  of  coarse  brown  pa^ 
per  previously  warmed,  by  which  means  its  wnole  length  will  be  rendered 
positive. 

When  two  substances  are  rubbed  together  so  as  to  electrify  one  of  them, 
the  other,  if  in  a  state  to  retain  electricity,  will  be  excited  also,  one  being 
always  negative  and  the  other  positive.  It  is  easy  to  be  satisfied  of  this  by 
very  simple  experiments.  Rub  a  stick  of  sealing-wax  on  warm  coarse  brown 
paper,  and  the  paper  will  be  found  to  repel  a  positively  excited  thread  of  silk, 
while  the  wax  will  attract  it;  if  a  warm  wine-glass  be  rubbed  on  the  brown 
paper,  the  glass  will  be  positive,  as  shown  by  its  repelling  the  posiUve  thread, 
while  the  same  thread  will  be  attracted  by  the  negative  paper ;  friction  of 
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anlin^f-wmx  an  i,nlk  riband  nndera  the  wax  negafti?e  and  the  riband  poaHiTS, 
but  with  glaaa  the  riband  is  negative.  If  two  rilk  ribands,  one  white  and 
the  other  black,  be  made  qnite  warm,  placed  in  contact,  and  then  drawn 
q^dckly  through  the  doeed  fingers,  they  will  be  found  on  separation  to  be 
highly  attractive  to  each  other,  the  white  being  positive  and  the  black  ne- 
gative, 'nie  back  of  a  eat  is  positive  to  aD  substances  with  which  it  has 
been  tried,  and  smooth  glassis  positive  to  all  ezoept  the  back  of  a  cat  Seal- 
ing-wax is  n^^ve  to  all  the  snbstances  jnst  enumerated,  but  becomes  po- 
sitive hj  friction  with  most  of  the  metals.  The  reader  will  perceive  fVora 
these  htXs  that  the  same  substance  may  acquire  both  kinds  of  electricity, 
becoming  positive  by  friction  with  one  Iwdy,  and  negative  with  another. 

THEORIES  OF  ELECTRICITY. 

The  nature  of  electricity,  like  that  of  heat  and  light,  b  at  present  involved 
in  obscurity.  All  these  principles,  if  really  material,  are  so  light,  subtile, 
and  ^Ruive,  that  it  has  hitherto  been  found  impossible  to  recognize  in  them 
the  ofdinary  characteristics  of  matter ;  and,  therefore,  electric  phenomena 
might  be  idb-red,  not  to  the  agency  of  a  specific  substance,  but  to  some 
pwyerty  or  elate  of  common  matter,  Just  as  sound  is  produced  by  a  vibrating 
medium.  But  the  effects  of  electricity  are  so  similar  to  those  of  a  me- 
chanical ayent;  it  iqipears  so  distinctly  to  emanate  from  substances  which 
contain  it  m  excess,  and  rends  asunder  all  obstacles  in  its  course  so  exactly 
like  a  body  in  rapid  motion,  that  the  impression  of  its  existence  as  a  distinct 
material  substance  svt  generis  forces  itself  irresistibly  on  the  mind.  AH 
nations,  aooordinglj^,  have  spontaneously  concurred  in  regarding  electricity 
as  a  material  principle ;  and  scientific  men  give  a  preference  to  the  same 
view,  because  it  ofiers  an  easy^  explanation  of  phenomena,  and  suggests  a 
natural  language  easily  intelligible  to  alL 

Theory  of  Two  EUetrie  rtuids^^TioB  theory,  the  fundamental  ftcts  of 
which  were  supplied  partly  by  Dufay,  and  partlj^  by  Symmer,  is  founded  on 
the  assumed  existence  of  two  electric  fluids,  which  Dufay  distineuished  by 
the  terms  vUreoue  and  reekumo  electricity.  In  order  to  account  for  electric 
phenomena  by  this  supposition,  the  two  fluids  are  assumed  to  possess  the 
foUowing  properties: — ^They  are  both  equally  subtile  and  elastic,  universally 
diffused,  and,  therefore,  present  in  all  bodies,  possessed  of  the  most  perfect 
fluidity,  each  highly  repulsive  to  its  own  particles,  and  as  highly  attractive 
to  those  of  the  opposite  kind ;  these  attractive  and  repulsive  forces  being  ex- 
actly equal  at  the  same  distance,  and  both  varying  inversely  as  the  square  of 
the  distance  varies.  Electric  quiescence  is  ascnbed  to  these  fluids  being 
combined  and  nentralized  with  eadi  other;  and  electric  excitation  is  the  con- 
sequence of  either  fluid  bein^  in  excess.  Their  combination  is  destroyed  by 
several  causes,  of  which  friction  is  one.  The  application  of  these  principles 
is  as  ioUows.  Two  unexcited  contiguous  bodie^  a  and  b,  are  electricall;f  in- 
different lo  eaeh  other;  for, though  each  electricity  in  a  repels  the  electricity 
of  the  same  name  in  a,  attraction  to  precisely  the  same  extent  is  exerted 
between  the  opposite  electricities,  and  no  chancre  results.  If  a  and  b  an 
rubbed  together*  a  portion  of  the  combined  electricities  in  both  is  decomposed, 
and  the  separated  resinous  fluid  is  transferred  to  one  of  them,  suppose  to  a, 
and  the  vitreous  to  b,  each  being  electrified  to  the  same  degree,  though  op- 
positely. The  free  particles  of  resmous  electricity  in  a  tend  bv  their  rcpul- 
sion  to  reoede  firom  each  other,  and  would  quit  a  altogether,  unless  their  pas^ 
sage  were  impeded  by  a  non-conductor :  the  atmosphere,  if  dry,  cuts  off  the 
retreat,  and  by  its  pressure  confines  the  resinous  fluid  to  the  surface  of  a. 
The  same  happens  to  the  vitreous  fluid  on  the  surfiioe  of  b.  But  the  opposite 
dedridtiea  find  on  a  and  b  exert  a  strong  mutual  attraction,  and  may  sue- 
essd  either  in  forcing  their  vray  across  the  intervening  stratum  of  air,  or  of 
acUmlly  drawing  a  and  b  into  contact  In  either  ease  the  free  electricitiee 
nonite,  and  the  electrio  eqaUibriom  is  restored.    On  the  contrary,  if  a  and 

7 


74  KLVCTBIOITT. 

B  are  limiUrlr  ekctriBed,  thai  is,  poMen  the  Mme  kind  of  fi«e  electricity^ 
the  effort  of  the  electric  fluid  to  escape  in  opposite  directions  causes  the  sub- 
stances themselves  to  fly  asunder,  if  the  repulsive  fiiroe  exceed  their  weight, 
and  thus  produces  electric  repulsion. 

This  theory,  as  commonly  stated,  takes  little  or  no  cognizance  of  any  at- 
traction between  the  electric  fluids  and  other  material  substances.  But  it 
would  be  aifainst  all  analogy  to  suppose  no  such  inflaenoe  to  exist ;  and  in- 
deed the  supposition  of  an  attractive  force  acting  at  insensible  distances 
seems  necessary  to  account  for  the  impediment  caused  by  non-conductors  to 
the  free  movement  of  the  electric  fluids. 

T%eory  tfa  Single  FUiid^-^Tho  celebrated  American  philosopher,  Frank- 
lin, proposed  a  di&rent  theory,  founded  on  the  supposition  of  a  single  elec- 
tric fluid,  the  partides  of  which  are  conceived  to  repel  each  other  with  a  force 
diminishing  as  the  squares  of  the  distance,  and  to  be  attracted  by  matter  in 
general  according  to  the  same  law.  Material  substance  in  its  undectric 
state  is  regarded  as  a  compound  of  electricity  and  matter,  saturated  and  neu^ 
trallzed  with  each  other.  It  is  also  an  assumption,  shown  to  be  necessary 
by  £pinus  and  t^'avendish,  that  ponderable  bodies  repel  each  other  with  Une 
same  force  and  according  to  the  same  law  as  the  particles  of  electricity. 
From  the  nature  of  these  postulates  it  will  be  easy  to  anticipate  their  appfi- 
cation.  Unelectric  bodies  are  such  as  have  their  natural  quantity  of  elec- 
tricity, which  precisely  suffices  to  saturate  and  neutralize  the  matter  of  which 
they  consist  They  are  then  electrically  indifferent:  because  the  repolsion 
exerted  between  the  electricity  and  matter  of  contiguous  bodies  is  exactly 
counteracted  by  the  attraction  of  the  electric  fluid  in  each  for  the  matter  of 
the  other.  Electrical  excitement  is  occasioned  either  by  increase  or  diminu- 
tion of  the  natural  quantity  of  electricity.  On  rubbing  a  tube  of  glass  with 
a  woollen  cloth,  the  electric  condition  of  both  is  disturbed :  the  gloss  ae- 
quires  more  electricity  than  it  naturally  possesses,  or  is  overcharged  with 
electric  fluid ;  and  the  cloth,  losing  what  the  glass  gained,  contains  less  than 
its  natural  supply,  or  is  under-charged.  These  opposite  states  are  denoted 
by  the  algebraic  terms  wmitive  and  negtUivtj  the  former  corresponding  to  the 
vitreous,  the  latter  to  the  resinous  electricity  of  Dufay.  Bodies,  positively 
excited,  repel  each  other  by  means  of  the  repulsion  among  the  particles  of 
the  elcctridty  with  which  they  are  surcharged ;  and  the  equal  tendency  of 
negatively  excited  bodies  to  separate  is  ascribed  to  the  mutual  repulsion 
among  the  partides  of  matter.  The  electric  equilibrium  in  excited  sub- 
stances b  restored  by  the  electricity  escaping  from  those  where  it  is  in  ex- 
cess,  and  passmg  to  those  which  are  under-cbarged. 

To  the  theory  of  Franklin  it  is  objected  that  it  invdves  an  assumption  at 
variance  with  the  laws  of  gravitation,  namely,  that  of  matter  being  repobive 
to  itself;  but  in  fact  thb  assumption,  if  admitted,  would  not  satisfactorily 
expbin  the  unequal  distribution  of  the  electric  energy  over  the  surface  of  the 
electrified  bodies,  as  well  negative  as  positive,  dependent  on  their  form.  To 
account  for  this  phenomenon  the  theory  requires  a  repulsive  fluid  superadded 
to  matter,  and  freely  moveable  among  its  partides,  a  sort  of  resident  electric 
fluid,  capable  of  peribrming  all  the  functions  ascribed  to  resinous  electricity. 
With  such  addition,  however,  the  theory  of  Franklin  would  virtually  cease 
to  be  that  of  a  single  dectric  fluid,  and  would  still,  I  suspect,  be  less  generally 
applicable  than  the  theory  of  two  fluids.  I  fed  it  necessary,  accordingly,  to 
adopt  the  latter,  substituting,  however,  agreeably  to  present  usage,  the  terms 
ptmtive  and  negative  for  viireoue  and  rennous  electricity.* 


*  The  chief  bbjeetion  which  has  been  urged  against  the  Franklinian 
theory  of  one  electric  fluid  is,  that  it  faib  to  eypbin  the  repulsion  of  two 
negatively  electrified  bodies.  It  is  alleged  that  the  condition  of  two  bodies, 
the  essence  of  which  consists  in  the  absence  of  a  subtle  prindple  called  elcc- 
tridty, cannot  cause  them  to  repel  each  other;  for  thb  would  be  attributing 
to  a  negation  the  possession  of  a  positive  property,  which  u  absurd.    It  was 
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CAUSES  OF  ELBCTRIC  EXCITEMENT. 

FVietioik — Thia  cause  of  electric  excitement  having  been  already  men- 
Ijoned,  it  liere  only  xemaina  to  state  the  usual  modes  of  developing  electricity 
by  frictioo.  A  sui>ply  of  negative  electricity  is  easily  obtained  by  rubbing 
«  stick  of  sealing-wax,  or  a  glass  tube  covered  with  stading-wax,  with  silk  or 
wooikn  cloth;  and  positive  electricity  is  freely  developed  when  a  dry  gUss 
tabe  is  robbed  with  silk,  brown  paper,  or  flannel,  the  surface  of  which  is  co- 
vered with  a  little  amalgam.  But  ^r  obtaining  an  abundant  supply  of  elec- 
tricity it  is  necessary  to  employ  an  electrical  machine,  which  is  a  mechani- 
cal contrivance  for  exposing  a  large  surface  of  glass  to  continuous  friction. 
As  now  ooDstmcted,  it  is  mrmed  either  with  a  cylinder  or  plate  of  glass 
which  is  made  to  revolve  upon  an  axis,  and  pressed  during  rotation  by  cush- 
ions or  rubbers  noade  of  leather  stuffed  with  flannel,  and  covered  usually 
with  eilk.  On  the  rubber  is  spread  an  amalgam  of  tin  and  zinc,  rendered 
adhesive  by  admixture  with  a  small  quantity  of  lard  or  tallow.  To  prepare 
the  amalgam,  melt  in  a  Hessian  crucible  one  ounce  of  tin  and  three  of  zinc, 
then  add  two  ounces  of  mercury  heated  to  near  its  boiling  point,  stir  briskly 
with  a  stick  for  a  few  minutes,  and  pour  the  mixture  on  a  clean  dry  stone : 
when  cold  pulverize  and  sift,  and  preserve  the  fine  powder  in  a  weu-corked 
dry  phlaL  Another  essential  part  of  the  machine  is  the  prime  conductor^ 
which  is  an  insulated  conductor,  commonly  made  of  brass,  placed  in  such 
unmediate  proximity  to  the  revolving  glass,  that  the  electric  state  of  the  one 
is  instantly  imparted  to  the  other. 

The  el^tricity  devdoped  by  the  electrical  machine  is  due  partly  to  firie- 
tioD,  which  disunites  the  combined  electric  fluids  of  the  p^lass  and  rubber, 
but  principally  to  the  oxidation  of  the  amalgam.  The  positive  fluid  is  trans- 
ferred to  the  fflass,  from  it  to  the  contiguous  prime  conductor,  and  thence  to 
any  system  of  conductors  connected  witn  the  prime  conductor ;  and  similarly 
the  negative  fluid  collects  upon  the  rubber,  whence  it  is  distributed  to  one  or 
more  ooDductors  with  which  the  rubber  may  be  in  connexion.  Thus  all 
insnlated  conductors  in  contact  with  the  prime  conductor  are  positive,  an4 
those  attached  to  the  ruUier  are  negative.  When  once  the  glass  and  rubber 
are  excited,  it  is  necessary  that  the  electric  equilibrium  or  both  should  be 
restored  before  a  second  development  can  occur ;  and  accordingly  it  is  found 
that  very  little  electricity  is  obtained  when  the  prime  conductor  and  rubber*s 
oondoctor  are  both  insulated.  On  taking  positive  electricity  from  the  prime 
coodaetor,  the  rubber  should  communicate  with  the  ground,  that  its  negative 
dectricity  might  escape;  and  when  negative  electncitf  is  taken  from  the. 
robber's  ooodnctor,  the  prime  conductor  is  connected  with  the  ground.  Tlie 
ttme  object  may  be  accomplished  by  connecting  the  prime  conductor  with 
the  rubber's  oonductor,  though  in  experiments  it  is  commonly  inconvenient 
to  employ  this  arrangement 

Change  ^  Temperature,— The  operation  of  this  cause  of  electric  excite- 
ment was  first  notieed  in  certain  minerals,  such  as  tourmalin  and  boracite, 
not  possessed  of  that  symmetric  arrangement  of  parts  commonly  observed  in 
cryrtab,  and  which  are  electrified  by  the  application  of  heat.  But  a  far 
more  general  principle  was  detected  by  the  late  Dr.  Seebeck,  who  found  that 
the  electric  equilibrium  is  disturbed  in  certain  metallic  rods  or  wires  when 
one  extremity  has  a  difierent  temperature  from  that  of  the  other,  whether 


this  apparent  difficulty  which  induced  ^pinus  and  Cavendish  to  assert  that 
the  theory  of  Franklin  required  the  assumption  that  matter  was  repulsive  to 
itself.  Loaded  with  this  oostuUte,  the  theory  may,  indeed,  be  untenable ;  but 
the  question  arises,  whether,  in  point  of  fact,  the  postulate  mentioned  is  ne- 
cessary  to  the  Franklinian  theory.  We  think  it  b  not;  but  are  inclined,  with 
Dr.  Hare,  to  refer  the  apparent  repulsion  of  negatively  electrified  bodies  to 
an  attraetioD  between  such  bodies  and  the  contiguous  air,  electrified  posiUvel^ 
by  ipdqctioq^-^gd, 
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Um  differeuoe  be  efibeCed  fay  the  mpplicatioo  of  heei  or  cold.  This  dbaenrm- 
tion  has  been  einoe  diown  by  Profeeaor  Camming  to  be  tnie  of  all  metals. 
(An.  of  PhiL  N.  S.  ▼.  437.)  See  alto  the  reoent  experimenta  by  Mr.  Pri- 
deauz.    (Phil.  Mas.  iii.)    The  experiment  ia  nsaally  made  by  heating  or 

whW 


'  the  point  of  junction  of  two  metallic  wires,  which  are  soldered  toge- 
ther ;  W  M.  Beoquerel  has  pro?ed  that  the  contact  of  di£forent  metals  is  not 
essential.    (An.  de  Ch.  et  de  Ph.  xli.  353.) 

Chemical  Aetunu — ^Another,  and  very  fertile  source  of  electricity,  is  che- 
mical action.  This  was  strongly  denied  by  the  late  Sir  H.  Davy  in  his  Bake- 
rian  lecture  ibr  1826;  but  the  experiments  of  Beoqnerel,  De  la  Rito,  and 
PouiUet,  afford  decisive  proof  that  chemical  union  and  decomposition  are 
both  attended  with  electrical  excitement  (An.  de  Ch.  et  de  Ph.  T.  35,  36, 
37,  38,  and  39.)  Pouillet,  in  particular,  has  demonstrated  that  the  gas  aris- 
ing firom  the  surface  of  burning  charcoal  is  positive,  while  the  charcoal  itself 
ia  negative ;  and  he  has  proved  that  similar  phenomena  are  produced  by  the 
combustion  of  hydrogen,  alcohol,  oil,  and  other  inflammables  of  the  same 
kind.  In  all  theae  inatances  the  combustible,  in  the  act  of  burning,  renders 
contiguoua  particlea  negative ;  while  the  oxygen  imparts  positive  electricity 
to  the  products  of  combustion.  The  fact,  with  respect  to  charcoal,  was  on- 
ginally  noticed  by  Volta,  La  Place,  and  Lavoisier,  but  was  subsequently  de- 
nied by  Saussure  and  Sir  H.  Davy.  Pouillet  has  reconciled  these  conflicting 
statements  by  showing  that  the  result  depends  on  the  mode  in  which  the 
experiment  la  conducted.  For  if  the  carbonic  acid  be  completely  removed 
from  the  burning  mass  at  the  inatant  of  its  formation,  both  are  round  to  be 
electrical;  but  if  the  carbonic  acid  subsequently  flow  over  the  sur&ce  of  the 
charcoal,  the  equilibrium  will  instantly  be  restored,  and  no  sign  whaterer  of 
excitement  be  perceptible.  Decisive  evidence  of  the  same  kind  is  supplied  by 
the  amalgam  of  the  electrical  machine,  the  influence  of  which  is  proportional 
to  the  decree  of  chemical  action,  and  which  ceases  to  be  useful  as  soon  as 
the  metals  are  oxidized.  Thus,  Wollaston  found  that  amalffams  of  silver  and 
platinum,  which  are  indisposed  to  oxidize,  are  of  no  use  when  applied  to  the 
rubber ;  and  that  an  amalgam  of  zinc  and  tin,  which  is  the  most  oxidable,  is 
also  the  best  amalgam  ibr  exciting  the  machine.  He  observed  that  a  ma- 
chine in  good  action  ceased  to  act  when  surrounded  with  carbonic  acid,  but 
instantly  recovered  its  action  on  readmitting  the  air.  (Phil.  Trana.  1801.) 
On  aucn  facta  is  founded  the  foregoing  statement,  that  the  energy  of  the 
electrical  machine  is  much  more  owing  to  chemical  action  than  to  fric- 
tion. 

Contact. — Another  reputed  aource  of  electricity  is  contact  of  difierent  sub^ 
stances,  especially  of  metals ;  a  source  originally  suggosted  by  Volta,  who 
founded  on  it  a  theory  of  galvanism.  The  facts  on  which  Volta  rested  his 
opinion  were  of  this  nature.  Well-cleaned  plates  of  zinc  and  copper  were 
furnished  with  ^lass  handles,  fay  which  they  could  be  both  supported  and 
insulated  :  the  zinc  plate,  held  by  its  glasa  handle,  was  laid  repeatedly  on  the 
copper,  which  at  the  time  need  not  bio  insulated,  and  after  each  contact  the 
zinc  was  made  to  touch  the  instrument,  ahortly  to  be  described,  called  the 
condenser,  A  positive  charge  was  gradually  accumulated ;  and  on  operating 
in  the  aame  manner  with  the  inaolated  plate  of  copper,  it  was  found  to  com- 
municate a  negative  charge.  He  also  stated  that  if  one  end  of  a  zinc  plate 
communicate  with  the  condenser,  while  the  zinc  at  its  other  end  is  in  con- 
tact with  a  plate  of  copper,  a  positive  charge  is  communicated ;  and  that  n». 
gative  electricity  ia  indicated  when  a  copper  plate,  in  contact  with  zinc  at 
one  end,  rests  at  its  other  upon  the  condenser.  From  such  experiments  it 
was  inferred,  that  the  contact  of  zinc  and  copper  disturbs  the  electric  equili- 
brium in  both  metals,  the  latter  acquiring  an  excess  of  negative  and  the  for- 
mer of  positive  electricity. 

The  quantity  of  electricity  developed  by  contact  is  confessedly  so  small, 
that  it  requires  for  its  detecUon  the  aid  of  very  delicate  instruments  and  of 
▼ery  careful  manipulation;  and  the  opinion  is  daily  gaining  ground  that 
mere  contact  is  incapable  of  causing  electric  excitation.    The  phenomena 
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referred  Vy  Volte  to  ooDtact,  are  ascribed  by  others  to  chemical  aetion  and 
to  frictioo.  De  la  Rive  of  Geneva  contends  (An.  de  Ch,  et  de  Ph.  zzziz.3970 
that  the  fteble  charge  commonly  observed  from  the  oontact  of  zinc  and  cop- 
per, is  doe  to  slight  oxidation  caused  by  moisture -and  ozvgenof  the  air  act- 
ing on  the  plate  of  zinc.  When  he  prevented  such  oncution  by  (grating 
in  an  atmosphere  of  hydrogen  or  nitrogen,  no  electric  excitement  fol- 
lowed; and  when  he  purposely  increased  cbsmical  action,  as  by  exposing 
the  line  to  acid  fiimes,  or  bjr  substituting  for  zinc  a  more  oxidabie  metaX 
•oeh  as  potassium,  the  electrical  effects  observable  on  contact  with  copper 
were  greatly  angmented.  ESectric  excitation  and  chemiod  action  were  ob- 
•erved  to  be  strictly  proportional  to  each  other.  Again,  Parrot  of  St  Peten- 
bargh  (An.  de  Ch.  et  de  Ph.  zlvi.  361,)  not  onlr  confirms  the  statements  of 
De  la  Rive,  but  shows  that  in  those  instances  where  electric  excitement  luui 
been  witniOBed  under  circumstances  which  appear  to  exclude  chemical  aetioOf 
the  phenomenon  may  be  ascribed  to  friction  of  the  metals.  He  gives  as  the 
nsolt  of  nwnefooB  experiment!  made  with  strict  care,  that  the  oontact  of 
zinc  and  copper,  if  unattended  by  friction  or  chemical  action,  causes  not  the 
JeasC  developement  of  electricity.  The  opposite  evidence  addiioed  by  Volta 
and  others  must,  therefiire,  I  apprehend,  be  rejected ;  and  the  only  remain- 
ing  feds  in  &voar  of  Volta*s  opinion  are  derived  from  certoin  chemical 
agencies  evinced  by  metals  daring  contact,  a  subject  which  will  be  discussed 
in  the  section  on  galvamsm. 

Ckmngea  tf  Arm^^The  chax>ges  of  form  caused  in  a  substance  by  varia- 
lioDs  oflemperatore,  audi  as  Kque&etion  and  solidification,  the  formation 
end  eondensation  of  vapour,  constitute  another  reputed  source  of  electricity. 
On  fiqnefying  sulphur  in  a  glass  vessel,  and  removing  the  cake  after  cod- 
ing, the  sulphnr  is  imind  to  be  negative  and  the  glass  positive;  and  on  pour- 
inr  water  into  a  hot  iron  vessel  or  on  a  hot  ^al  communicating  with  a 
ddicato  electrometer,  the  rapid  evaporation  of  the  water  is  attended  with 
decisive  indications  of  electrical  excitement  To  processes  of  this  nature, 
onntinuaMy  taking  place  in  the  atmosphere,  the  electricity  of  the  clouds  is 
generally  ascrib^  Bet  the  opinion  is  questioned  by  PouiUet,  who  has 
ehown  thai  in  most  of  the  experiroente  adduced  in  iU  favour,  chemical  ac- 
tions ensue  at  the  same  time,  and  that  the  jfreatest  part  of  the  effect  is  due 
to  such  cfaangeSi  f ^  for  exam]^  evaporation  be  accompanied  by  chemical 
deeompositioo,  as  when  saline  solutions  are  evaporated,  the  water  being 
eeparated  from  the  salt  with  which  it  was  previously  united,  or  if  the  vessd 
consist  of  iron  or  other  easily  oxidaUe  material,  which  is  more  or  less 
chemically  attacked  by  the  evaporating  water,  then  the  development  of 
eleetrictty  is  very  decinve;  but  he  contends  that  pure  water,  evaporated  in 
m  dean  platinum  vessel,  gives  rise  to  no  electrical  excitement  whatever. 
From  such  experimento  PouiOet  concludes  that  the  electricity,  hitherto  re- 
lerred  to  changes  of  form,  is  entirely  owing  to  the  chemical  a^on  by  which 
they  are  generally  attended ;  and  these  phenomena,  of  which  evaporation 
fitym  the  ocean,  rivers,  and  the  snrfiice  of  the  earth,  aiSbrds  an  instance,  pure 
water  being  therein  separated  from  its  saline  imprecation,  as  also  the 
ehemical  changes  attendant  on  the  growth  and  nutrition  of  plants,  he  re- 
gards as  a  fertile  source  of  atmos^eric  electricity.  (An.  de  Ch.  et  de  Ph. 
zxxv.  401,  and  xxxvi.  5.  In  these  views  there  is  much  truth.  I  have  re- 
peatedly noticed  free  electric  excitement  on  pouring  a  solution  of  chloride 
of  eodinm  or  snlphato  of  seda  into  a  heated  phttinum  crucible,  and  also 
when  pure  water  was  dropped  on  red-hot  iron  or  a  glowing  cinder;  but  I 
have  as  constantly  fiiiled  of  procuring  any  indication  when  pore  water  was 
evaporating  on  |riatinum.  Mr.  Hams,  however,  informs  me  that  with  an 
apparatus  of  unusual  deUcacy,  he  finds  evaporation  Of  pure  water  from  pUu 
tinoffl  to  be  attended  with  distinct  development  of  electricity. 

/Vstzimfty  to  sit  SUcbri/ied  Body.— It  is  a  direct  ooQsequence  of  the  at- 
tractive  and  repulsive  powers  ascribed  to  the  electric  fluids,  that  an  unelectri. 
fied  conductor  musl  be  excited  by  the  vicinity  of  an  electrified  body.    Let 
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AB,  fiff.  1,  be  an  upezcited  conductort  aup-  Fig.  i. 

ported  on  an  inralatin^  glaaa  rod  be;  and      f^  J\.          n 

let  o,  containing  free  positive  electricity,   rjj^  r 

and  aimilarlv  insulated,  be  nlaoed  near  it  on    Lit-'  ^^ 


and  similarly  insulated,  be  placed  near  it  on 
the  side  a.  The  free  positive  electricity  on 
c  will  both  repel  the  positive  6nidof  ab,  and 

attract  its  negative  fluid,  and  the  result  of  ^^^ 

these  concurrinpr  forces  is  instantly  to  de-    c^  <SS^ 

compose  a  portion  of  the  combined  electri- 
cities of  AB,  Uie  free  negative  fluid  approaching  as  close  as  possible  to  c,  and 
the  positive  fluid  receding  from  it  The  relative  position  of  these  fluids  is 
indicated  in  the  figure  by  the  si^s  -f-  end  — ,  the  former  denoting  positiTe 
and  the  latter  negative  electricity.  The  opposite  ends  of  the  conductor  ab 
are  thus  oppositely  electrified,  and  in  an  equal  degree :  the  excitement  is 
fiinnd,  as  would  be  anticipated,  to  be  greatest  at  the  extremities,  and  to 
diminish  gradually  towards  the  middle  line  ai,  which  is  neutraL  ^  The 
quantity  of  electricity  thus  set  free  depends  on  the  extent  to  which  o  is  ex- 
cited,  and  on  its  distance  from  ab.  if  now  c  be  suddenly  withdrawn,  the 
opposite  fluids  at  a  and  b  coalesce,  and  the  equilibrium  of  ab  is  restored. 
But  so  long  as  c  retains  its  position,  a  will  be  negatiTC,  even  were  it  uninsik- 
lated.  The  only  efiect  of  communication  with  Sie  ground  is  to  neutralize 
the  positive  fluid  at  b  by  supplying  to  it  negative  electricity  firom  the  earth : 
if  after  having  effected  this  by  touching  the  cylinder  for  an  instant  with  the 
finger,  o  be  withdrawn,  ab  is  left  with  an  excess  of  the  negatiTe  fluid.— -The 
electricity  thus  developed  by  the  contiguity  of  an  electrified  body  is  said  to 
be  induc^d^  or  to  be  excited  by  inductUm. 

It  is  essential  that  the  student  should  reflect  carefully  on  these  plain  ogo- 
Bequenoes  of  the  theory  of  electricity,  since  the  applications  of  this  know- 
ledge  are  numerous.    A  few  of  these  may  now  be  enumerated: — 

1.  An  electrified  bodjr  attracts  light  objects  near  it,  because  it  induces  in 
them  a  state  opposite  to  itself.  The  attraction  is  most  lively  when  the  light 
object  is  a  conductor,  and  in  contact  with  the  ground,  since  it  then  more 
completely  assumes  an  electric  state  opposed  to  that  of  the  inducing  body. 
A  non-conductor  is  very  inperfectly  electrified  by  induction,  because  the 
electric  fluids  cannot  quit  each  other  from  inabiUty  to  move  through  the 
non-condactor. 

2.  If  a  stick  of  sealing-wax,  strongly  negative,  be  presented  to  a  thread 
or  pith  ball  which  is  also  negatively,  but  feebly,  excited,  repulsion  will  ensue 
at  a  considerable  distance,  fdlowed  by  attraction  when  the  distance  is  smalL 
This  attraction  is  due  to  the  strongly  excited  wax  acting  by  induction  on 
the  feebly  negative  thread,  thereby  causing  it  to  have  an  excess  of  positiTe 
electricity. 

3.  The  positive  electricity  collected  on  the  prime  conductor  of  an  electri- 
cal  machine  is  by  some  ascribed,  not  to  a  transfer  of  that  fluid  from  the 
glass  to  the  prime  conductor,  but  to  a  part  of  the  combined  electricities  c^ 
ue  prime  conductor  bein^  separated  by  induction,  and  the  negative  fluid 
being  imparted  to  the  positive  glass.  The  same  view  is  applicable  to  aiij 
aystem  of  conductors  in  contact  with  the  prime  conductor,  as  also  to  con- 
ductors connected  with  the  rubber.  It  is  difficult  to  say  which  explanation 
is  the  more  correct,  or  whether  both  may  not  be  true. 

4.  On  moving  the  hand  towards  the  prime  condactor  of  an  excited  elec- 
trical  machine,  the  hand  becomes  negative  by  induction,  and  the  spark  ulti> 
matel^  obtained  restores  the  equilibrium.  In  like  manner  a  negatively 
electrified  cloud  renders  positive  a  contiguous  tree  or  tower,  and  then  a 
stroke  of  lightning  follows  as  a  consequence  of  attraction  between  the  two 
accumulated  fluids. 

5.  The  action  of  the  Leyden  Jar  depends  on  the  principle  of  induced 
electricity.  A  glass  jar  or  bottle  with  a  wide  mouth  is  coated  externally 
and  internally  with  tmfoil,  except  to  within  three  or  feor  inches  of  its  sum- 
mit; and  its  aperture  is  dosed  by  dry  wood  or  some  imperfect  coDductor, 
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throwh  the  centre  of  which  paeees  a  metallie  rod  oommnnicKiiBg  with  the 
tinfim  on  the  inside  of  the  jar.  On  placing  the  metallic  rod  in  contact  with 
the  prime  condactar  of  an  excited  electri<^  machine,  while  the  outer  coat- 
ing oommonicales  with  the  ground,  the  interior  of  the  jar  acquire!  a  chtfge 
of  poaiti?e  electricitj,  and  Uie  exterior  becomes  as  strongly  negative.  1^ 
the  jar  bein^  insulated,  the  metallic  rod  be  placed  clooe  to  the  prime  coo- 
dactor,  avoiding  actual  contact,  while  an  uninsulated  conductor  be  held  at 
an  eqod  distance  from  the  outer  coating,  electric  sparks  in  equal  number 
and  of  equal  aize  will  pass  between  both  intervals,  and  both  sides  of  the  jar 
are  found  to  be  in  the  same  conditbn  as  before ;  but  no  charge  will  be  re- 
c^ved  when  the  inner  coating  communicates  with  the  prime  conductor,  and 
the  outer  coating  is  strictly  insulated.  From  these  facts  it  b  inferred  thai 
the  interior  of  me  jar  becomes  positive,  either  by  receiving  positive  dectri- 
eity  directly  from  the  prime  conductor,  or,  as  b  more  probaUe,  by  commo- 
nieating  to  it  negative  electricity ;  and  that  the  exterior  then  becomes  nega- 
tive by  the  loss  of  a  quantity  of  positive  electricity  equal  to  that  on  the 
interior.  Unless  means  be  afforded  for  the  escape  of  the  positive  electricity 
fivm  Che  exterior,  no  charge  ought  to  be  received ;  and  this  condnsion  is 
quite  eonformable  to  the  fact  above  stated. 

The  opposite  electric  fluids  accumulated  on  the  opposite  sides  of  a  charged 
Leyden  jar  exert  a  strong  mutual  attraction  through  the  substance  of  the 
gluB,  and  the  presence  of  each  secures  the  continuance  of  the  other.  The 
exterior  of  the  jar  may  be  freely  handled,  and  its  coaling  removed,  without 
deatrojing  the  charge,  provided  no  communication  be  made  at  the  same 
time  with  the  interior;  and  if  the  exterior  be  insulated,  the  charge  will  be 
preaerved,  though  the  tinfoil  of  the  interior  be  removed.  But  when  a  con- 
doctor  communicates  with  both  surfaces  at  the  same  instant,  the  two  fluids 
msh  together  with  violence,  and  the  equilibrium  is  restored.  Whether  in 
this  and  similar  cases  the  two  fluids  coalesce  entihsly  on  the  intermediate 
coodoelor,  or  whether  each  from  its  velocity  may  not  in  part  pass  the  other, 
and  be  projected  to  the  opposite  sur&ce,  is  a  question  on  which  electricians 
axe  not  agreed. 

The  Leyden  jar  affords  the  means  of  passing  through  bodies  a  large 
quantity  of  electricity.  For  not  only  may  jars  of  any  required  size  be  em- 
ployed, hot  it  is  €9sy  bo  to  arrange  any  number  of  such  jars,  that  they  shall 
all  be  charged  and  discharged  at  the  same  time,  constituting  what  is  termed 
an  EUdrical  BaiUry,  The  arrangement  is  made  by  placing  a  number  of 
Leyden  jars  in  a  box  lined  with  tinfoil,  by  which  means  their  outer  surfiuMs 
have  free  metallic  communication  with  each  other,  and  connecting  their 
inner  surfaces  by  wires. 

The  explanation  above  given  of  the  action  of  a  Leyden  jar  suggests  a 
corioos  point  of  theory.  A  jar  after  it  has  been  discharged  contains  a  smaller 
quantity  of  the  combined  fluids  than  before  it  was  charged  ;  since  the  act  of 
charging  is  ascribed  to  Joss  of  negative  electricity  by  the  inner  and  of  positive 
electricity  by  the  outer  surface  of  the  jar,  which  loss  is  not  restored  at  tho 
moment  of  discharge.  Hence,  if  tho  same  jar  were  charged  and  discharged 
many  times  in  succession,  the  total  quantity  of  electricity  remaining  in  the 
jar  ought  to  be  diminished :  and  yet  a  Leyden  jar  does  not  seem  to  be  iro- 
paired  by  use,  but  is  equally  effective  at  last  as  at  first  Several  kinds  of 
assumption  may  be  made  to  explain  this.  1.  It  is  possible  that  the  quantity 
of  elec^idty  present  in  bodies  may  be  so  enormous,  that  any  loss  obtained 
in  our  experiments  is  inappreciable.  '2.  There  may  be  some  unknown 
mode  by  which  electricity  abstracted  from  a  substance  is  restored  to  iL 
3.  It  may  be  assumed  that  when  the  total  quantity  of  the  electricity  in  a 
jar  IS  diminbbed  to  a  certain  extent,  the  excited  prime  conductor  no  lon^r 
charges  the  interior  by  decomposing  Its  combined  fluids,  but  by  imparting 
to  it  positive  electricity ;  and  that  the  outer  surface  of  the  jar  is  then  sup. 
pfied  with  a  corresponding  quantity  of  electricity  directly  from  the  earth. 
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6.  The  principle  of  induced  deetridtj  was  Inffeniously  Fig.  t. 
mpplied  by  Volta  in  the  construction  of  the  Condenter,  ~ 
This  apparatus,  shown  in  fig.  2,  consiits  of  two  brass 
plates,  A  and  a,  supported  on  a  common  stand  d.  One 
of  the  plates  b  is  attached  to  the  stand  by  means  of  a 
hinge  o,  so  that,  though  represented  upright,  it  may  be 
placed  horizontally,  and  thus  be  withdrawn  from  the  vici. 
nity  of  the  plate  a,  the  support  of  which  is  made  of  glass. 
On  electrifying  the  insulated  plate  pontively,  the  pl^  a, 
expressly  placed  dose  to  a,  b  rendered  negative  by  induc- 
tion ;  and,  as  happens  in  the  Leyden  jar,  the  excitement 
of  B  will  be  proportional  to  that  of  a.  The  negative  charge 
of  B  tends  to  preserve  the  positive  char^  of  a,  which  may 
consequently  receive  still  mure  electricity  by  contact  with  any  positive  sur- 
face, without  losing  what  it  had  previously  acquired.  Thus  is  electricity  ac- 
cumulated or  amaen$ed  on  a  ;  so  that  a  substance  too  feebly  exdted  to  pro- 
duce any  appreciable  effects  of  itself^  may,  by  repeated  contact  with  the 
insulated  plate  of  a  condenser,  communicate  a  charge  of  considerable  inten- 
sity. The  effect  of  the  accumulation  is  made  apparent  by  withdrawing  b, 
and  bringing  a  in  contact  with  a  delicate  electrometor.  The  condenser  is 
much  employed  in  experiments  of  delicacy,  and  the  plate  a  is  often  perma- 
nentlyfixed  on  the  gold-leaf  electrometer. 

7.  The  EUUropharuB  is  another  contrivance  of  Volta's,  which  acts  by  in- 
duced electricity.  It  consists  essentially  of  two  parts ;  one  bein£  a  flat  cake 
of  resin,  made  by  pouring  melted  resin  into  a  shallow  plate  or  circular  dish 
of  tinned  iron,  and  the  o£er  a  disk  of  brass,  of  rather  smaller  diameter  than 
the  resin,  supplied  with  a  glass  handle.  The  surface  of  the  resin  is  nega- 
tivd^  exdted  by  friction  or  flapping  with  silk  or  flannel,  and  the  brass  disk 
IS  laid  upon  it  The  resin  being  a  non-conductor  retains  its  own  electricity 
in  spite  of  the  super-imposed  brass,  and  decomposes  the  combined  electria- 
ties  of  the  latter,  causing  its  under  surface  to  be  positive,  and  its  upper  nc- 
^tive.  On  touching  tlie  brass  with  the  finger,  its  upper  sor&ce  b  neutral- 
ised, and  on  then  withdrawing  the  brass  plate,  it  is  found  to  have  an  excess 
of  positive  electricity.  On  repladng  the  brass  as  before,  the  resin,  having 
lost  none  of  iti  electricity  in  the  process,  acts  again  upon  the  metallic  disk 
as  on  the  first  occasion,  and  will  continue  so  to  act  for  an  indefinite  number 
of  times.  Kept  in  a  dry  place  the  dectrophorus  will  keep  in  action  for 
months. 

ELECTROSCOPES  AND  ELECTROMETERS. 

It  is  very  important,  in  experimenti  on  electricity,  to  possess  easy  methods 
of  discovering  when  a  substance  is  electrified,  of  ascertaining  its  tnXenstfy 
or  the  degree  to  which  it  is  excited,  and  distinguishing  the  kind  of  excitement. 
The  means  for  effecting  these  objects  are  founded  on  electrical  attraction 
and  repulsion,  and  the  instruments  employed  for  the  purpose  are  called 
jEUetro9cope$  and  EUclrometertt  the  latter  denoting  the  intensity  of  dec 
tricitv,  the  former  inerely  indicating  excitement,  and  tlie  electrical  state  b^ 
which  it  is  produced.  The  term  electrometer,  however,  is  often  indiscrimi- 
nately applied  to  all  such  instruments,  since  the  methods  of  ascertaining  the 
kind  of  excitement  give  at  the  same  time  some  idea  of  its  intensity. 

OoUUtaf  £/ecfroinet6r.— Several  simple  electroscopic  methods  have  al- 
ready  been  indicated.  (Page  73.)  Small  balls  made  of  the  pith  of  dder  are 
used  for  the  same  purpose.  A  single  pith  ball,  suspended  by  a  cotton  thread, 
is  attracted  by  a  focbly  electrified  substance.  Also,  when  two  pith  balls  are 
suspended  from  the  same  point  by  cotton  threads  of  equal  length,  and  an 
electrified  body  is  placed  near  them,  the  two  balls  are  thrown  by  induction 
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into  the  aune  electric  atate,  and  diverge.  The  goid-Ioaf  electro- 
meter,  6gure  3«  invented  by  Mr.  Bennett,  acts  upon  the  same 
prin^ple,  hot  is  &r  more  delicate.  It  consists  of  a  glass  cyl- 
inder cemented  below  npon  a  brass  plate  co,  and  covered 
above  by  a  brass  plate  ab,  pierced  in  its  centre  for  the  inser- 
tioo  of  a  glass  tube  6c,  the  top  of  which  is  closed  by  a  brass 
|date  a :  into  this  plate  is  screwed  a  thick  brass  wire,  which 
paaaes  throagh  the  glass  tube,  and  from  the  lower  end  d  of 
which  two  slips  of  gold-leaf  are  suspended,  llieae  different 
parts  are  pat  together  while  quite  dry,  all  the  joinings  are  se- 
cured by  wax  cement,  and  the  glass  is  covered  by  lac  Tarnish. 

The  effect  of  these  arrangements  is  to  insulate  the  plate  a  with  its  win 
and  gold  leaves,  while  the  latter  are  secure  against  being  moved  by  corrente 
of  air.  The  approach  of  any  electrified  body,  even  though  feebly  eicited, 
to  the  pUte  a,  is  immediately  detected  b^  the  divergence  of  the  leaves,  as 
■hown  in  the  figure.  The  instrument  is  equally  useful  in  indicating  the 
kind  of  excitement,  provided  the  plate  and  leaves  be  permanently  electrified, 
which  may  easily  be  done  on  the  same  principle  as  in  charging  the  metal- 
lic disk  of  an  electrophorus.  Thus,  on  placing  a  negatively  excited  body, 
as  ibr  example  a  stick  of  sealing-wax  after  friction  on  woollen  cloth,  near 
the  brass  plate  of  the  electrometer,  the  electric  equilibrium  of  its  whole  roe- . 
tallic  surface  is  distvbed :  the  brass  plate  becomes  positive,  and  the  slips  of 
gold-leaf  diverge  from  being  negative.  If  the  plate  be  then  touched  with  the 
finger,  the  equilibrium  of  Uie  gold-leaves  is  restored,  and  their  divergence 
ceases,  while  an  excess  of  positive  electricity  is  preserved  on  the  plate  by  the 
vicinity  of  the  negative  sealing. wax.  On  removing  ^rsf  the  finger,  and  then 
the  sealing-wax,  the  brass  is  left  with  an  excess  of  positive  electricity,  which  ex- 
tends Qwer  the  whole  metallic  surface  of  the  electrometer,  and  thus  produces 
a  divergence  which  continues  for  a  considerable  time  if  the  glass  be  dry, 
and  the  atmosphere  moderately  free  from  moisture.  The  approach  to  the 
brass  plate  of  a  positively  excited  body  increases  the  divergence  of  the  ^d 
leaves ;  because  the  plate  becomes  negative  by  induction,  and  the  positive 
fluid  retiring  to  the  extremities  of  the  leaves,  renders  them  still  more  posi- 
tive. A  negatively  excited  body  has  an  exactly  opposite  effect,  by  attract- 
ing the  positive  fluid  towards  the  plate  and  fix>m  the  leaves,  and  diminishing 
divergeooe* 

Qitadrani  EUetrometer, — An  instrument  much  used  for  estimating  the 
degree  or  intensity  of  electricity  is  the  quadrant  dectrome-  Fig.  4. 

ter^  figure  4,  invented  by  Mr.  Henley.  It  consists  of  a 
smooUi  round  stem  of  wood  a  6,  about  seven  inches  long, 
to  the  upper  part  of  which,  and  projecting  from  its  side, 
is  attached  a  semicircular  piece  of  ivory.  In  the  centre 
c  of  the  semicircle  is  fixed  a  pin,  from  which  is  suspend-  qq  | 
ed,  to  serve  as  an  index,  a  slender  piece  of  wood  or  cane 
d  e,  four  inches  in  length,  and  terminated  by  a  small 
balL  When  the  apparatus  is  screwed  on  the  prime  con- 
ductor of  the  electrical  machine,  of  placed  on  any  elec- 
trified body,  it  indicates  differences  of  electric  intensity 
by  the  extent  to  which  the  index  recedes  from  the  stem ; 
and  in  order  to  express  the  divergence  in  numbers,  the 
lower  half  of  the  semicircle,  which  is  traversed  by  the  in- 
dex, is  divided  into  90  equd  parts  called  degrees.  This 
iostmment,  though  convenient  for  experiments  of  illostra- 
tion,  is  not  suited  to  those  of  research,  wherein  the  object  is  to  examine 
the  effects  of  substances  feebly  electrified,  and  ascertain  their  relative  forces 
with  accuracy. 

JVrmon  fZsetrometer.— This  instrument,  invented  hy  Coulomb,  is  pecu- 
Karly  fitted  for  aoientific  investigation.  It  consists  of  a  small  needle  of  gum- 
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lac  e  <!,  fig.  5,  tuBpeoded  hortsontally  by  a  ttlk  thread  as  Pif-  3. 

spun  by  the  silk-worm,  or  by  a  fine  silver  wire  a  6 ;  on  the 
point  of  the  needle  is  fixed  a  small  gilt  ball  made  of  the 
pith  of  elder ;  and  the  whole  is  covered  with  a  glass  case 
to  protect  it  from  moisture  and  currents  of  air.  The  pith 
ball,  when  the  apparatus  is  at  rest,  is  in  contact  with  the 
knob  e  of  a  metallic  conductor /e,  which  passes  through  a 
hole  in  the  glass .  case,  and  is  secured  in  its  place  by  ce- 
ment ;  but  when  an  excited  body  is  made  to  touch  the  con- 
dtactor,  the  pith  ball  in  contact  with  it  is  similarly  excited, 
and  recedes  from  it  to  an  extent  proportional  to  the  degree 
of  excitement  The  needle  consequently  describes  the  arc 
of  a  circle,  which  is  measured  on  the  graduated  arc  as, 
and  in'its  revolution  twists  the  supporting  thread  more  or  less  according  to 
the  length  of  the  arc  described.  The  torsion  thus  occasioned  calls  into  play 
the  elasticity  of  the  thread,-HL  feeble  but  constant  force,  which  opposes  the 
movement  of  the  needle,  measures  by  the  extent  to  which  it  is  overcome  the 
repulsive  force  exerted,  and  brings  back  the  needle  to  its  original  position 
as  soon  as  the  electric  equilibrium  is  restored.  It  has  been  proved  that  the 
ibrce  which  causes  the  torsion  is  exactly  proportional  to  the  arc  described 
by  the  needle. 

Balatwe  EteetromeUr^— -Mr,  Harris  of  Plymouth  has  made  a  happy  appli- 
cation  of  the  common  balance  and  wei^ts  to  estimate  the  mutual  attrac- 
tion of  oppositely  electrified  surfaces.  The  appa-  Fig.  6. 
ratus,  figure  fi,  consists  of  a  brass  beam  ■■',  sup- 
ported by  a  conductor  co  standing  on  a  wooden 
frame  aa';  d  \a  a,  scsle  for  holding  weights,  and  x 
its  support;  a,  6,  are  gilt  cones  made  of  fight  wood, 
a  being  suspended  by  a  silver  wire  from  s',  and  h 
insulated  by  the  glass  support  A'd\  The  instrument 
IS  prepared  for  use  by  placing  a  and  d  in  exact 
equipoise ;  the  cone  a  is  suspended  so  that  its  base 
shall  be  opposite  and  parallel  to  the  base  of  the  cone 
6,  as  may  be  done  by  means  of  three  adiusting 
•crews  in  the  frame  aa'  ;  and  b  is  raised  by  nelp  of 
a  graduated  brass  slide  c,  until  the  bases  of  the 
cones  are  just  in  contact  The  cone  6  is  then  de- 
pressed to  any  desired  distance,  which  may  be  va- 
ried at  will  during  an  experiment  The  same  cone 
is  connected  with  the  inner  coating  of  a  Leyden 
jar,  the  outer  coating  of  which  communicates  with 
the  frame  of  aa',  and  along  cdb'  with  the  cone  a : 
these  cones  may  thus  be  made  parts  of  a  charged 
Leyden  jar,  and  be  oppositely  excited,  as  indicated  by  the  signs  •{-  and  — . 
The  attractive  forces  exerted  between  their  bases  tends  to  draw  down  the 
cone  a  into  contact  with  6,  discharging  the  jar ;  but  befi>re  it  can  do  so,  it 
has  to  overcome  the  weight  which  may  be  in  the  scale  d.  By  this  ingenious 
contrivance  any  number  of  attractive  forces  are  estimated  by  a  common 
standard,  namely,  the  number  of  grains  which  each  is  able  to  raise. 

Ufdt  Jar, — ^This  is  another  contrivance  of  Mr.  Harris,  and  is  a  most 
important  addition  to  our  stock  of  electrical  apparatus.  It  is  formed  of  a 
email  inverted  Leyden  jar,  figure  7,  supported  and  insulated  by  a  slender 
^ass  rod  ef,  which  is  covered  with  lac  varnish,  and  fixed  into  a  wooden 
mune  a.  The  inner  coating  of  this  jar  is  in  metallic  contact  with  a  brass 
ball  d  and  a  wire  a,  which  wire  communicates  with  the  prime  conductor 
of  an  active  electrical  machine ;  whereas  the  brass  ball  e  and  wire  b  are 
connected  with  its  outer  coating.  If  the  wire  6  be  held  in  the  hand,  or 
otherwise  communicate  with  the  ground,  the  electrical  machine  being  in 
action,  the  jar  is  charged  in  the  usual  manner,  and  is  discharged  by  a 
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wpuk  pttMing  between  the  two  brass  balls  e  and  d.  The  Fig.  7. 
interval  may  be  increased  or  diminished  hj  causing  one  of 
the  balU  to  be  moveable  by  means  of  a  slide  or  screw.  It 
will  be  readily  conceived  that  successive  sparks  through 
the  same  interval  must  be  caused  by  equal  quantities  of 
electricity ;  and  experiment  shows  this  to  be  the  case,  pro^ 
▼ided  the  apparatus  is  clean  and  dry,  and  the  charges  are 
taken  nearly  at  the  same  time,  that  is,  while  the  air  in  re- 
lation to  temperature,  pressure,  and  moisture,  may  be  con- 
ndered  conslant  On  taking  six  successive  sparks  we  em- 
ploy six  times  as  much  ele^icity  as  for  one  charge,  and 
three  times  as  much  as  for  two  charges,  the  quantity  of 
electricity  being  proportional  to  the  number  6£  charges. 
It  is  OB  this  account  Mr.  Harris  introduced  the  term 
miil  jar. 

The  principal  ueof  the  unit  jar  is  in  charging  other 
JjBjden  jars  with  known  proportions  of  electricity.  Thus, 
if  the  unit  jar  be  charged  by  the  prime  conductor,  while 
its  outside  communicates  through  the  wire  h  with  the  in- 
side of  a  large  Leyden  jar  standing  on  the  ground,  the 
positive  fluid  repelled  from  the  unit  jar  gives  an  equal  positive 
charge  to  the  inner  coating  of  the  large  jar,  and  its  outer 
coating  is  rendered  negative  by  induction.  Under  these  cir- 
cnmstanoes  the  effect  of  a  spark  between  e  and  d  is  merely 
to  nentralixe  the  coatings  of  the  unit  jar,  without  aflfecting  the  state  of  the 
lai^  jar.  On  giving  a  second  charge  to  the  unit  jar,  the  large  jar  receives 
an  mcrement  equal  to  what  it  received  from  the  first  charge,  and  the  second 
spark  merely  restores  the  equilibrium  of  the  unit  jar  as  before.  A  third  and 
fourth  charges  of  the  unit  jar  act  on  the  same  principle;  and,  by  continuing 
the  process,  any  known  proportions  may  be  given.  If  the  opposite  coatings 
of  a  jar  so  char^  be  connected  with  the  cones  of  the  balance  electrometer 
previously  descnbed,  the  attractive  forces  due  to  known  relative  quanUties 
of  electricity  may  be  precisely  determined. 

EUetrie  /stenstty. — Before  concluding  this  account  of  electrometers,  it 
win  be  useful  to  refor  to  the  kind  of  information  which  they  supply.  From 
the  mode  in  which  these  instruments  act,  it  is  plain  that  they  mdicato  the 
d^gre^  ot  electric  excitement,  the  remoteness  from  the  unexcited  state,  a 
condition  expressed  by  the  terms  fenston  and  inUruity.  If  two  insulated 
brass  disks  of  equal  size  be  supplied  with  equal  quantities  of  free  electricity, 
they  will  afibct  an  electrometer  equally,  and,  therefore,  their  intensity  or 
tension  is  equal;  but  if  one  of  the  disks  be  larger  than  the  other,  the  smaller 
will  have  the  highest  tension.  In  fact,  one  square  inch  of  the  smaller  disk 
will  possess  more  free  electricity  than  the  larger,  and  that  is  precisely  the 
condition  which  constitutes  differences  of  intensity.  Of  any  number  of 
electrified  substances,  that  will  have  the  highest  intensity  which  has  the 
most  free  electric  fluid  on  unity  of  surface. 

LAWS  OF  ELECTRICAL  ACCUMULATION. 

1.  The  quantity  of  free  electricity  which  an  insulated  conductor  is  capa- 
ble of  receiving  is  independent  of  its  quantity  of  matter.  Thus,  two  brass 
spheres  of  the  same  siae,  one  solid  and  the  other  hollow,  will  take  eqnal 
quantities  of  electricity,  and  possess  equal  intensities.  The  cause  of  this  is 
referaUe  to  the  second  law. 

2.  The  free  electricity  of  an  insulated  conductor  is  always  accumulated 
on  its  snrfiice,  where  it  forms  a  layer  or  stratum  enveloping  the  substance 
<m  every  side,  and,  therefore,  possessed  of  the  same  figure.  Thus,  an  ex* 
cited  sphere,  the  surface  of  which  is  exactly  fitted  with  two  thin  metallic 
hemispheres,  loses  the  whole  charge,  when,  by  means  of  glass  handles,  the 
hemispheres  are  suddenly  removed ;  and  an  excited  hoUow  cylinder,  open  at 
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the  ends,  will  admit  of  being  touched  by  an  inanlated  oondactor,  eaatioiialj 
introdaced  into  its  interior,  without  any  loss  of  electricity.  The  cause  of 
free  electricity  being  disposed  upon  the  surface  of  conductors  is  ascribed  to 
the  mutual  repulsion  of  its  particles,  which  gives  them  a  tendency  to  recede 
as  Su  as  possible  from  each  other,  and  to  be  arrested  at  the  surface  solely 
by  some  counteracting  force,  such  as  the  interposition  ot  an  imperfect  eon* 
dttctor. 

3.  The  mode  in  which  electricity  is  distributed  over  the  surface  of  a  con- 
ductor is  dependent  on  its  figure.  On  a  sphere  it  forms  a  uniform  stratum 
of  equal  thidiness  all  around,  that  is,  each  part  of  the  surface  has  the  same 
quantity  of  electricity  as  any  other  part  of  equal  size.  But  on  an  ellipsoid 
the  stratum  is  thickest  at  the  extremities  of  the  longer  axis,  and  the  accu- 
mulation at  those  parts  is  greater  and  greater  as  the  length  of  that  axis  be- 
comes more  and  more  predominant  In  all  conductors  which  are  mudi 
longer  than  broad,  as  in  a  narrow  metallic  bar,  as  also  in  those  which  have 
elongated  pointed  terminations,  the  principal  accumulation  is  at  the  ends 
and  projecting  points.  The  inequalitjr  of  distribution  is  just  as  conspicuous 
in  a  negatively  as  in  a  positively  excited  conductor,  a  circumstance  whidi 
aeems  utterly  irreconcilable  with  the  theory  of  a  single  fluid.  Coulomb 
proved  these  &cts  experimentally  by  touching  the  different  parts  of  electri- 
fied conductors  by  a  proof-piane,  which  is  a  very  small  disk  of  gilt  paper 
insulated  by  a  handle  of  lac  Vesin,  and  estimating  the  tension  of  the  proof> 
plane  by  his  torsion  electrometer:  he  found  that  this  plane  idways  took  from 
the  spot  touched  a  constant  proportion  of  the  electricity  accumulated  at  that 
■pot,  and,  therefiire,  the  relative  intensities  of  the  plane,  afler  contact  with 
different  parts  of  an  electrified  conductor,  exactly  represented  the  electric 
accumulation  of  the  parts  so  touched.  For  these  and  other  experiments  of 
Coulomb  on  electrical  actions,  the  reader  may  consult  Biot*s  TVaiU  dt 

The  unequal  accumulation  of  electricity  on  condnctops  is  a  direct  con- 
sequence  of  the  law  of  elvctric  repulsion ;  and  M.  Poisson,  assuming  the 
truth  of  that  law,  has  arrived  by  calculation  at  the  very  same  conclusions 
which  Coulomb  obtained  by  experiment  Those  who  are  prepared  to  follow 
such  Yerj  high  mathematical  inquiries  are  referred  to  Poisson's  original 
Essay,  to  the  article  on  Electricity  by  Mr.  Whewell  in  the  Encyclopedia 
Metropolitana,  and  to  a  late  work  on  Electricity  hj  Mr.  Murphy. 

4.  The  electric  fluid  accumulated  at  the  surfkce  of'^condoctors  tends  toescape 
by  the  repulsion  of  its  particles.  Its  pressure  against  the  air  is  considered 
proportional  to  the  square  of  the  quantity ;  so  that  if  Uie  electric  accumula- 
tion at  £bui  different  parts  of  an  excited  conductor  is  as  1,  3,  3,  and  4,  the 
pressure  against  the  air  at  those  parts  will  be  as  1,  4,  9,  and  16.  Hence 
electricity  passes  off  with  great  rapidity  from  the  ends  or  projecting  points 
of  conductors,  a  result  quite  conformable  to  experience.  But  the  equilibrium 
of  an  excited  conductor  is  perhaps  never  entirely  restored  by  the  direct  dif. 
fusion  of  its  excess  due  to  its  own  repulsion ;  for  Uie  conductor  necessarily 
tends  to  induce  a  state  opposite  to  itself  in  contiguous  conductors  and  in  the 
circumambient  air,  and  then  the  attraction  of  oppositely  electrified  surfaces 
is  called  into  play. 

5.  Coulomb  proved  experimentally,  by  aid  of  his  torsion  electrometer,  that 
the  repulsion  of  two  similarly  electrified  bodies  varies  inversely  as  the  square 
of  their  distances.  If  the  electric  charge  on  one  of  them  vary,  while  that  on 
the  other  and  the  distance  are  constant,  the  repulsion  will  vary  simply  as  the 
quantity.  Thus,  let  the  free  electricity  on  a  be  expressed  by  4,  and  that  on 
B  by  1,  and  the  distance  be  always  1  inch,  then  if  the  charges  on  b  vary  as 
1,  3,  3,  and  4,  the  repulsion  will  also  vary  as  1,  2,  3,  and  4;  for  the  succes- 
sive  additions  to  b  merely  act  by  augmenting  in  the  same  ratio  the  number 
of  repulsive  particles  influenced  by  the  constant  charge  on  a.  The  repulsion 
in  these  cases  may  be  denoted  by  tlie  product  of  Uie  two  charges.  For 
example,  when  the  charges  on  a  and  b  are  4  and  1,  the  repulsion  will  be 
4X19x4;  when  they  are  4  and  S,  the  repulsion  is  4x9bsb8i  or  twice  four ; 
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wben  4  and  3,  it  u  4x3=  IS,  or  three  times  four ;  and  when  4  and  4,  the 
repolnon  ia  4x4=16,  or  four  times  four.  If  in  the  last  case  the  charge  on 
B  fall  to  2,  the  repukion  becomes  4x^=8  as  before;  and  then  should  the 
charge  on  a  be  also  reduced  to  2,  the  repulsion  will  be  2x2=4.  Hence 
when  the  wkaU  quantity  of  electricity  changes,  the  repulsion  varies  as  the 
square  of  the  quantity. 

6.  Hie  attraction  of  two  oppositely  electrified  bodies  varies  inversely  as 
the  aqoare  of  the  distance  between  them.  Coulomb,  who  verified  this  law 
by  experiment,  also  showed  that  the  attractive  force,  the  distance  being  con- 
stant, varies  by  the  same  law  as  that  for  repulsion  just  stated.  '  If  a  and  b 
are  equally  and  oppositely  excited,  so  that  we  may  represent  the  free  elec- 
tricity on  each  by  4,  and  their  mutual  attraction  by  4x4=16,  then  if  the 
quantity  on  b  successively  become  3,  2,  and  1,  the  corresponding  attractions 
will  be  12, 8,  4 ;  and  should  the  quantity  on  a  and  on  b  vary  together,  so  as  to 
be  reduced  on  bdlhfrom  4  to  2,  and  from  2  to  1,  the  attractions  will  be  16,  4, 
and  L  Thus,  when  the  whole  quantity  of  electricity  changes,  the  attraction 
VBries  as  the  square  of  the  quantity. 

Mr.  Harris  has  given  a  beautiful  demonstration  of  these  laws  by  means  of 
his  balance  electrometer  and  unit  jar  (pages  82, 83),  the  cones  a,  64  of  figure 
61,  being  ooonected  respectively  with  the  outer  and  inner  coatings  of  a  large 
Leyden  jar.  On  giving  to  it  a  constant  charge  by  means  of  the  unit  jar, 
and  varymg  the  dutance,  the  weights  raised,  or  the  attractive  force,  were 
IbuDd  to  vary  exactly-  as  the  square  of  the  distance  between  the  cones.  On 
preserving  the  distance  constant,  giving  a  charge  capable  of  raising  one 
grain,  and  then  successively  doubling,  trebling,  and  quadrupling  the  quan- 
tity first  jdven  to  the  inner  coating,  the  weights  raised  were  4,  9,  and  16 
grains.  This  strictly  conforms  with  the  foregoing  statement ;  for  on  dou- 
hiing  the  charge  to  the  inner  coating  of  the  Leyden  jar,  the  electricity  on  the 
cone  b,  conneded  with  it,  is  also  doubled,  and  the  double  charge  on  6  dou- 
bles the  induced  charge  on  a.  Hence  the  quantity  on  both  cones  being 
doubled,  the  force  ought  to  be  quadrupled. 

7.  It  may  be  infened  firom  the  law  No.  6,  that  when,  in  two  oppositely 
excited  bodies,  the  whole  quantity  of  electricity  and  the  distance  vary  toge- 
ther and  at  the  same  rate,  the  attractive  force  will  be  unchan|red.  This  has 
been  fully  proved  by  Mr.  Harris.  On  putting  5  grains  into  his  balance,  giv- 
mg  a  charge  sufiicient  to  raise  that  weight  at  a  certain  distance,  and  then 
sneceasively  doubling,  trebling,  and  quadrupling  that  distance,  it  will  be  ne- 
cessary, in  order  to  raise  the  5  grains,  to  give  a  double,  treble,  and  quadru- 

f  charge  to  the  inner  coating  of  the  Leyden  jar  communicating  with  cone 
In  fiict,  doublinff  the  electricity  on  both  cones,  is  to  quadruple  the  attrac- 
tive ibree  betwedp  them ;  and  doubling  the  distance,  diminishes  the  force  by 
fimr  times :  the  fi»ree  is  thus  diminished  by  one  cause  as  much  as  it  is  in- 
creased by  the  other,  and,  therefore,  continues  unchanged. 

Mr.  Harris  has  demonstrated  the  same  law  by  observing  the  striking  di». 
Umee  of  a  charged  jar,  that  is,  the  interval  through  which  the  electricity  will 
pass  so  as  to  discharge  it  For  this  purpose  the  inner  and  outer  coating  are 
separately  connected  with  a  conductor  terminating  in  a  brass  ball,  one  of 
which  is  attached  to  a  graduated  slide,  so  as  to  be  fixed  at  any  required  dis- 
tance from  the  other  bslL  On  causing  the  distances  between  the  balls  to  vary 
ID  the  ratio  of  1, 2,  3,  4,  the  jar  will  discharge  itself  by  the  passage  of  a 
anark,  when  the  charge  on  each  coating  is  increased  in  the  same  ratio.  The 
oostade  which  the  efectricity  has  to  overcome  before  it  can  discharge  the 
jar,  is  the  interposed  air ;  and  that  obstacle  may  be  regarded  as  constant  in 
experiments  performed  at  the  same  time,  since  it  b  found  to  depend  on  the 
dansi^of  theair. 

8.  Mr.  Harris  ascertained  the  nature  of  the  influence  exerted  by  the  at- 
mosphere over  the  striking  distance  of  a  charged  Leyden  jar,  by  including 
the  faaUs  connected  with  its  outer  and  inner  coating  within  glass  vessels  sus- 
ocpCihie  of  exhaustion.  He  then  found  that  the  resistance  to  the  passage  of 
a  charge  varies  as  the  square  of  the  density  of  the  air.  Thus,  when  the  den- 
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sity  was  made  to  vary  in  the  ratio  of  1,  2,  4,  the  chargfo  passed  throngh  a 
constant  interval  when  the  quantity  added  to  the  inner  coating  varied  in  the 
same  ratio.  Now,  when  the  charges  were  as  1, 3, 4,  the  attractive  forces,  by 
law  No.  6,  were  as  1,  4, 16,  which  represent  the  corresponding  obstacles 
caused  by  the  air.  Agreeably  to  the  same  law,  the  strikine  distance,  when 
the  charge  is  constant,  varies  inversely  as  the  density  of  ue  air :  a  charge 
which  strikes  through  one  inch  of  air  when  the  barometer  is  at  30  inches, 
will  pass  through  two  inches  in  air  so  rarefied  as  to  support  only  15  inches 
of  mercury,  and  through  four  inches  when  the  mercurial  column  is  7.5 
inches.  Hence,  in  a  perfect  vacuum,  a  Leyden  jar  ought  to  discbarge  itself 
through  any  interval ;  and  in  the  higher  parts  of  the  atmosphere,  where  the 
air  is  much  rarefied,  two  oppositely-excited  clouds  will  neutralize  each  other, 
though  separated  by  very  great  distances. 

It  IS  not  apparent  from  the  preceding  remarks,  whether  the  striking  dis- 
tance is  influenced  by  change  of  the  density  or  the  elasticity  of  the  confined 
air,  since  in  rarefying  air  by  the  air-pump,  the  rarefaction  increases,  and  the 
elasticity  decreases  at  the  same  rate.  Mr.  Harris  has  shown,  contrary  to 
what  one  might  anticipate,  that  the  influential  condition  is  density  and  not 
elasticity.  For  on  rarefying  air  by  heat  so  as  to  preserve  its  original  elasti- 
city, the  striking  distance  was  exactly  the  same  as  in  cold  air  rarefied  to  the 
same  degree  by  the  air-pump ;  and  in  air  first  rarefied  by  the  air-pump,  and 
then  heated  until  it  had  recovered  its  original  elasticity,  its  volume  and  den. 
sity  being  kept  the  same,  the  varied  elasticity  had  no  influence  on  the  charge 
required  to  pass  through  a  constant  distance.  From  these  and  similar  expe- 
riments Mr.  Harris  infers  that  the  remarkable  conducting  power  known  to 
be  possessed  by  hot  air  is  due  to  its  rarity  alone. — ^Though  I  have  not  had 
occasion  to  repeat  these  experiments  on  hot  air,  I  have  entire  confidence  in 
their  accuracy ;  inasmuch  as,  not  to  mention  the  known  skill  and  exactness 
of  Mr.  Harris,  I  find  that  the  striking  distance  for  the  same  charge  is  greater 
in  air  than  in  carbonic  acid  gas,  and  greater  in  hydrogen  gas  than  in  air,  the 
elasticities  being  equal. 

9.  The  continuance  of  an  excited  char^  on  an  insulated  conductor  is  com- 
monly ascribed  to  the  pressure  of  the  air.  An  oppofdte  opinion,  however, 
has  been  maintained.  Mr.  Morgan  (Phil.  Trans.  1785)  published  some  ex- 
periments to  prove  that  a  space  entirely  free  from  air,  such  as  a  Torricellian 
vacuum,  is  a  non-conductor  of  electricity ;  and  Mr.  Cavallo  (Treatise  on 
Electricity)  showed  that  exhaustion  may  be  carried  very  far  within  the  bell- 
jar  of  an  air-pump  without  an  electrified  body  placed  under  it  losing  its 
charge.  On  repeating  these  experiments,  at  the  request  of  Mr.  Harris,!  ob- 
tain^ similar  results.  A  slip  of  gold- leaf  diverging  at  an  angle  of  60°,  con- 
tinued so  for  hours  in  air  expand^  100  times ;  and  in  air  rarefied  300  times 
a  foeble  charge  was  retained  for  a  whole  week.  The  loss  observed  in  still 
further  states  of  exhaustion,  may  be  ascribed  to  the  excited  body  inducing 
an  opposite  state  in  the  conducting  materials  of  the  air-pump,  thereby  calling 
into  activity  a  force  which  co-operates  with  the  repulsion  of  its  own  partidea. 
The  preceding  phenomena  appear  to  indicate  the  existence  of  an  adhesive 
force  between  the  particles  of  electricity  and  the  sur&ce  of  bodies  which 
causes  an  obstacle  to  their  escape. 

The  facts  which  I  have  given  in  the  few  preceding  pages  on  the  authority 
of  Mr.  Harris,  are  described  by  him  at  length  in  an  essay  just  read  before 
the  Royal  Society.  Owing  to  his  kindness  in  procuring  for  me  his  appara- 
tus, and  showing  me  his  method  of  operating,  I  have  b^n  enabled  to  repeat 
all  the  experiments  referred  to,  except  those  on  heated  air,  and  am  quite 
satisfied  of  their  accuracy. 

HISTORICAL  NOnCE. 

The  science  of  electricity  is  of  modern  origin.  The  knowledge  of  the  an- 
cients was  confined  to  the  fact,  that  amber  and  the  lyncurium  (supposed  to 
be  tourmalin)  acquired  the  property  of  attracting  light  bodies  by  friction.   It 
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wms  Doi  knofwn  that  other  bodies  might  be  eimilarly  excited  until  the  com- 
mencemenl  of  the  KTOnteenth  century,  when  Dr.  Gilbert  of  Colchester  de- 
tected the  same  oropert^  in  a  variety  of  other  substances,  and  thereby  laid 
the  fixmdation  or  the  science  of  electricity.  A  few  additional  facts  were  no- 
ticed during  the  same  century  by  Boyle,  Otto  de  Guericke,  and  Wall,  and  in 
1709  Hawkesbee  published  an  account  of  many  curious  electrical  experi- 
ments;  bat  no  material  progress  was  made  until  Stephen  Grey  (PMl. 
Trans.  1729  to  1733)  drew  the  distinction  between  conductors  and  non-con- 
dactors  of  electricity,  and  illustrated  it  by  new  and  striking  experiments. 
Sooo  after  Dufay  in  France  distinguished  between  the  two  kinds  of  electri- 
city; and  in  1759  (Phil.  Trans,  li.  340)  Symmer  added  the  important  fact 
that  friction  developes  both  kinds  of  electricity  at  the  same  time,  an  observa- 
tion which  led  to  the  theory  of  two  electric  fluids  as  now  understood. 
These  AscoverieB  added  to  the  confirmation  of  Franklin*s  opinion  as  to  the 
identity  of  the  catise  of  lightning  and  electricity ,~  fixed  the  attention  of 
seientifie  men  upon  the  new  study,  and  soon  acquired  for  it  a  high  rank 
rthei   ' 


For  fariber  details  respecting  its  origin  and  early  progress,  the  reader  may 
eoofolt  the  histmy  of  electricity  by  Priestley. 


SECTION  IV. 

GALVANISM. 

The  tdenoe  of  Galvanism  owes  its  nvjae  and  origin  to  the  experiments 
en  animal  irritability  made  by  Galvani,  rrofessor  of  Anatomy  at  Bologna, 
in  the  year  1790.  In  the  course  of  the  investigation  he  discovered  the  net, 
that  imiacnlar  contractions  are  excited  in  the  leg  of  a  frog  recently  killed, 
when  two  metalB,  such  as  zinc  and  silver,  one  of  which  touches  the  crural  , 
nerve,  and  the  other  the  muscles  to  which  it  is  distributed,  are  brought  into 
contact  with  one  another.  Galvani  imagined  that  the  phenomena  are  owing 
to  electricity  present  in  the  muscles,  and  that  the  metals  only  serve  the 
purpose  of  a  conductor.  He  conceived  that  the  animal  electricity  originates 
m  the  brain,  is  distributed  to  every  part  of  the  system,  and  resides  particu- 
lariy  in  the  mnsdes.  He  was  of  opinion  that  the  dififerent  parts  of  each 
miiBCiiIar  fibril  are  in  opposite  states  of  electrical  excitement,  like  the  two 
snrfiuxs  of  a  charged  Leyden  phial,  and  that  contractions  take  place  when* 
ever  the  electric  equilibrium  is  restored.  This  he  supposed  to  be  effected 
daring  life  through  the  medium  of  the  nerves,  and  to  have  been  produced 
in  his  experiments  by  the  intervention  of  metallic  conductors. 

The  views  of  Galvani  had  several  opponents,  one  of  whom,  the  celebrated 
Volts,  Professor  of  Natural  Philosophy  at  Pavia,  succeeded  in  pointing  out 
their  MtMY.  Volta  maintained  that  electric  excitement  is  doe  solely  to  the 
meCab,  and  that  the  muscular  contractions  are  occasioned  by  the  electricity 
thus  developed  passing  along  the  nerves  and  muscles  of  the  animal.  To  the 
experiments  instituted  by  volta,  we  are  indebted  for  the  first  voltaic  appa- 
lataa,  which  was  described  by  him  in  the  Philosophical  Transactions  for  1800, 
and  which  has  properly  received  the  name  of  the  vdUaic  pUe ;  and  to  the 
■sme  distingoiahed  philosopher  belongs  the  real  merit  of  laying  the  foonda- 
tioo  of  the  science  of  Cralvanism. 

The  identity  of  the  agent  concerned  in  the  phenomena  of  galvanism  and  of 
the  oommon  electrical  machine,  is  now  a  matter  of  demonstration.  Voltaic  and, 
eommon  elecricity  are  due  to  the  same  ferce,  excited  by  dififerent  conditions, 
operating  in  general  in  a  different  manner  and  under  different  circumstances. 
The  effeete  of  the  latter  are  caused  b^  a  comparatively  small  quantity  of  elec- 
tridty  braoght  into  a  state  of  insulation,  in  which  state  it  exerts  a  high  inten- 
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sity,  as  evinced  by  its  remarkable  attractive  and  repulsive  energies,  and  by  its 
power  to  force  a  passage  through  obstructin|r  media.  In  galvanism  the 
electric  agent  is  more  intimately  associated  with  otlier  subetanoes,  is  deve- 
loped in  large  quantity,  but  never  attains  a  high  tension,  and  produces  its 
peculiar  effecti  while  flowing  along  conductors  in  a  continuous  current 

VOLTAIC  ARRANGEMENTS  OR  CIRCLES. 

Arrangements  for  exciting  galvanism  are  divided  into  simple  and  com- 
pound, the  former  being  voltaic  circles  in  their  most  elementary  form,  and 
the  latter  a  collection  of  simple  circles  acting  together  r  it  will  hence  be  ^pro- 
pcr  to  commence  the  description  of  them  with  Uie  most  simple. 

Simple  Voltaic  Circlet.— When  a  plate  of  zinc  and  a  plato  of  copper  are 
placed  in  a  vessel  of  water,  and  the  two  metals  are  made  to  touch  each 
other,  either  directly  or  by  the  intervention  of  a  metallic  wire,  galvanism  is 
excited.  The  action  is,  indeed,  very  feeble,  and  not  to  be  detected  by  ordi- 
nary methods ;  but  if  a  little  sulphuric  acid  be  added  to  the  water,  numerous 
globules  of  hydrogen  gas  will  be  evolved  at  the  surface  of  the  copper.  This 
phenomenon  continues  uninterruptedly  while  metallic  contact  between  the 
plates  continues,  in  which  state  the  circuit  is  said  to  be  closed;  but  it  ceases 
when  the  circuit  is  broken,  that  is  when  metallic  contact  is  interrupted.  The 
hydrogen  fas  which  arises  from  the  copper  plate  results  from  water  decom- 
posed by  the  electric  current,  and  ito  ceasing  to  appear  indicates  the  mo- 
ment when  the  current  ceases.  In  this  case  the  volteic  circle  consists  of 
zinc,  copper,  and  interposed  dilute  acid;  and  the  circle  gives  rise  to  a  cur- 
rent only  when  the  two  metals  are  in  contoct    This  arrangement  is  shown 

in  figure  1,  where  metallic  contact  is  readily  made  Fig.  L^ 

or  broken  by  means  of  copper  wires  soldered  to  the  ^ 

plates.    By  employing  a  galvanometer  (pa^  110), 

it  is  found  that  a  current  of  positive  electricity  con- 

tinually  circulates  in  the  closed  circuit  from  the 

tine  through  the  liquid  to  the  copper,,  and  from  the  ^ 

copper  along  the  conducting  wires  to  the  zinc,  as  ^\ 

indicated  by  the  arrows  in  the  figure.    A  current      ^     -„-- 

of  negative  electricity,  agreeably  to  the  theory  of 
two  electric  fluids,  ought  to  traverse  the  apparatus  in  a  direction  precisely 
reversed;  but  for  the  sake  of  simplicity  I  shall  hereafter  indicate  the  course 
of  the  positive  current  only. 

It  matters  not,  so  fiir  as  voltaic  action  is  conQemed,  at  what  part  the 
plates  of  fig.  1  touch  each  other.  A  current  takes  place,  whether  contact 
between  the  plates  is  made  below  where*  covered  with  liquid,  above  where 
uncovered,  or  along  the  whole  length  of  the  plates,  provided  both  plates  are 
immersed  in  the  same  vessel  of  dilute  acid.  Immersion  of  one  plate  only  in 
the  acid  solution,  however  contoct  between  the  plates  may  be  made,  doee 
not  excite  voltaic  action ;  nor  does  it  suffice  to  have  one  plate  in  one  vessel, 
and  the  other  plate  in  another  vessel.  A  plate  of  zinc  soldered  to  one  of  coj;^ 
per,  and  plunged  into  dilute  acid,  gives  a  current  passing  from  the  zinc 
through  tlie  fluid  round  to  the  copper :  but  if  the  soldered  plates  are  cement- 
ed into  a  box  with  a  wooden  bottom  and  metallic  sides.  Fig.  3. 
so  as  to  form  two  separate  cells,  as  shown  in  a  vertical 
section  by  figure  2,  then  the  introduction  of  dilute  acid  P" 
to  the  cells  will  not  excite  a  current,  unless  the  fluid  J 
of  the  cells  be  made  to  communicate  by  means  of 
moistened  fibres  of  twine,  cotton,  or  some  porous  mnU 
ter,  or,  as  in  the  figure,  b^  wires,  a  6,  soldered  to  the 
metallic  sides  which  contam  the  dilute  acid,  or  dipping 
into  the  acid  itself.  Then  the  positive  current  circu- 
lates in  the  direction  shown  by  the  arrows. 
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Instead  of  a  pair  of  plates  bein^  soldered  to-  pig.  3. 

gether,  they  may  be  connected  by  a  wire,  and 
plunged  into  separate  cells,  a  e,  6  e,  figure  3,  in 
whi<3i  d  e  acts  um  a  partition ;  provided  the  positive 
carrent  issuing  from  the  zinc  plate  «,  is  oonyeyed 
bj  a  wire,  f  gki,oT  some  conducting  mediam, 
into  the  cell,  6  e,  in  which  the  copper-plate,  c,  is 
unmemd* 

A  simple  voltaic  circle  may  be  formed  of  one 
metal  and  two  Uquids,  provided  the  liquids  are 
such  that  a  stronger  chemical  action  is  induced  on  one  side 
than  on  the  other.  Thus,  on  cementing  a  plate  of  zinc,  «, 
into  a  box,  figure  4,  and  putting  a  solution  of  salt  into  the 
cell,  h  C,  and  dilute  nitric  acid  into  the  cell,  a  a\  a  positive 
oorrent  will  be  excited  in  the  direction  of  the  arrows,  pro- 
vided the  circuit  be  completed  by  a  wire,  a  6,  attached  to 
the  metallic  sides  of  the  box,  or  dipped  into  the  liquid  of 
the  oelfaL  Nay,  the  same  acid  solution  may  occupy  both 
eelk,  provided  some  condition  be  introduced  which  shall 
cause  one  side  of  the  zinc  to  be  more  rapidly  dissolved  than  the  other ;  as  by 
the  plate  being  rouph  on  one  side  and  polished  on  the  other,  or  by  the  acid 
beinff  hot  in  one  cm  and  cold  in  the  other.  In  this  case,  however,  the  re- 
sult 18  the  same  as  though  two  different  liquids  were  used. 

An  interesting  kind  of  simple  voltaic  circle  is  afforded  by  commercial  zinc. 
This  metal,  as  mU  in  the  shops,  contains  traces  of  tin  and  lead,  with  rather 
more  than  one  per  cent  of  iron,  which  is  mechanically  diffused  through  its 
sabstance :  on  immersion  in  dilute  sulphuric  acid,  these  small  particles  of 
iron  and  the  adjacent  zinc  form  numerous  voltaic  circles,  transmitting  their 
earrents  through  the  acid  which  moistens  them,  and  disengaging  a  large 
q[Qanthy  of  hydrogen  gas.  Pure  distilled  zinc  is  very  slowly  acted  on  by 
dilute  sulphuric  acid  of  sp.  gr.  ranging  from  1.068  to  1.215 ;  but  if  fused 
with  about  2  per  cent,  or  rather  less,  of  iron  filings,  it  is  as  readily  dissolved 
as  commercial  zinc  In  like  manner,  pure  iron  or  steel  is  less  readily  acted 
on  by  dilute  sulphuric  acid  than  the  same  substances  after  fusion  with 
•mall  quantities  of  platinum  or  silver.  Mr.  Sturgeon  has  remarked  that 
oommercial  zinc,  with  its  surface  amalgamated,  which  may  be  done  by  dip. 
pii^  a  zinc  plate  into  nitric  acid  diluted  with  two  or  three  parts  of  water, 
andthen  ruUung  it  with  mercury,  resists  the  action  of  dilute  acid  fully  as 
well  as  the  purest  zinc.  This  fact,  of  which  Faraday  in  his  late  researches 
has  made  excellent  use,  appears  due  to  the  mercury  bringing  the  surface  of 
the  zinc  to  a  state  of  perfbct  uniformity,  preventing  those  differences  be- 
tween one  spot  and  another,  which  are  essential  to  the  production  of  minute 
earrents;  one  part  has  the  same  tendency  to  combine  with  electricity  as  an- 
other, and  cannot  act  as  a  discharger  to  it  (Faraday). 

While  the  current  formed  by  the  contact  of  two  metals  gives  increased  effect 
to  the  affinity  of  one  of  them  for  some  element  of  the  solution,  the  ability  of 
the  other  metal  to  undergo  the  same  change  is  proportionally  diminished. 
Thus,  when  plates  of  zinc  and  copper  toodi  each  other  in  dilute  acid,  the 
zinc  oxidizes  more,  and  the  copper  less,  rapidly  than  without  contact  This 
principle  was  beautifulhr  exemplified  by  the  attempt  of  Davy  to  preserve 
the  copper  sheathing  of  ships.  A  sheet  of  copper  immersed  in  sea-water, 
or  a  solution  of  chloride  of  sodium,  in  an  open  vessel,  undergoes  rapid  cor* 
fusion ;  and  a  green  powder  commonly  termed  submuriate  of  copper,  but 
which  is  really  an  oxy.chloride,  is  formed :  atmospheric  oxygen  dissolved  in 
sea*water  unites  both  with  copper  and  sodium,  the  latter  yields  its  chlorine 
to  another  portion  of  copper,  and  the  oxide  and  chloride  of  copper  unite. 
Hot  if  the  copper  be  in  contact  with  zinc,  or  some  metal  more  electro-posi. 
tive  than  itself,  the  tine  undergoes  the  same  change  as  the  copper  did,  and 
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the  latter  is  preserved.    Davy  found  that  the  quantity  of  zinc  required  thus 

to  form  an  efficient  voltaic  circle  with  copper  waa  very  small.    A  piece  of 

zinc  as  large  as  a  pea,  or  the  head  of  a  small  round  nail,  waa  found  fully^ 

adequate  to  preserve  40  or  50  square  inches  of  copper;  and  this  wherever  it 

was  placed ;  whether  at  the  top,  bottom,  or  middle  of  the  sheet  of  copper, 

or  under  whatever  form  it  was  used.    And  when  the  connexion  between 

different  pieces  of  copper  was  completed  by  wires,  or  thin  filaments  of  the 

40th  or  50th  of  an  inch  in  diameter,  the  effect  was  the  same ;  every  side, 

ever V  surface,  every  particle  of  the  copper  remained  bright,  whilst  the  iron 

or  tne  zinc  was  slowly  corroded.    Sheets  of  copper  defended  by  1^  lo 

1.1000th  part  of  their  surface  of  zinc,  malleable  and  cast  iron,  were  exposed 

during  many  weeks  to  the  flow  of  the  tide  in  Portsmouth  harbour,  and  their 

weight  ascertained  before  and  after  the  experiment    When  the  metallic 

protector  was  from  l-40th  to  l-150th,  there  was  no  corrosion  nor  decay  of 

the  copper;  with  smaller  quantities,  such  as  1.200th  to  1.460th,  the  copper 

underwent  a  loss  of  weight  which  was  greater  in  proportion  as  the  protector 

was  smaller ;  and  as  a  proof  of  the  universality  of  the  princi|^,  it  was 

found  that  even  11 000th  part  of  cast-iron  saved  a  certain  proportion  of  the 

copper  (Phil.  Trans.  1824). 

Unhappily,  for  the  application  of  this  principle  in  practice,  it  is  found  that 
onlcss  a  certain  degree  of  corrosion  takes  place  in  the  copper,  its  surface 
becomes  foul  from  the  adhesion  of  sea-weeds  and  shell.fish.  The  ozy-chlo- 
ride  of  copper,  formed  when  the  sheathing  is  unprotected,  is  probably  inju- 
rious to  these  plants  and  animals,  and  thus  preserves  the  copper  free  fi'om 
foreign  bodies. 

Simple  voltaic  circles  may  be  formed  of  veij  various  materials;  but  the 
combinations  usually  employed  consist  either  of  two  perfect  and  one  imper- 
feet  conductor  of  electricity,  or  of  one  perfect  and  two  imperfect  conductors. 
The  substances  included  under  the  title  of  perfect  conductors  are  metals 
and  charcoal,  and  the  imperfect  conductors  are  water  and  aqueous  sokntions. 
It  is  essential  to  the  operation  of  the  first  kind  of  circle,  that  the  imperfect 
conductor  act  chemically  on  one  of  the  metals ;  and  in  case  of  its  attacking 
both,  the  action  must  be  ^eater  on  one  metal  than  on  the  other.  It  is  also 
found  generally,  if  not  universally,  that  the  metal  most  attacked  is  positive 
with  respect  to  the  other,  or  bears  to  it  the  same  relation  as  zinc  to  copper 
in  figures  1, 2,  and  3.    Davy,  in  his  Bakerian  lecture  for  1826  (Phil.  Trans.), 

Save  the  following  list  of  the  first  kind  of  arrangements,  the  imperfect  con- 
uctor  being  either  the  common  acids,  alkaline  solutions,  or  solutions  of 
metallic  sulphurets,  such  as  sulphuret  of^  potassiuVn.  The  metal  first  men- 
tioned  is  positive  to  those  standing  afler  it  in  the  series. 

With  'Common  acids. — ^Potassium  and  its  aroalsrams,  barium  and  its 
amalgams,  amalgam  of  zinc,  cadmium,  tin,  iron,  bismuth,  antimony,  lead, 
copper,  silver,  palladium,  tellurium,  gold,  charoosl,  platinum,  iridium,  rho- 
dium. 

WUh  alkaline  solutions, — ^The  alkaligenous  metals  and  their  amalgams, 
zinc,  tin,  lead,  copper,  iron,  silver,  palladium,  gold,  and  platinum. 

WUh  sdtUions  of  metallic  sulphurets, — Zinc,  tin,  copper,  iron,  bismuth, 
silver,  platinum,  palladium,  gold,  charcoal. 

Mr.  Faraday  has  shown  that  the  presence  of  water  is  not  essential.  A 
battery  may  be  composed  of  other  liquid  compounds,  such  as  a  fused 
metallic  chKride,  iodide,  or  fluoride,  provided  it  is  decomposable  bj  galvan- 
ism, and  acts  chemically  on  one  metal  of  the  circle  more  powerfully  than 
on  the  other. 

The  following  table  of  voltaic  circles  of  the  second  kind  is  from  Davy*a 
Elements  of  Chemical  Philosophy : — 
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01 


Solution  of  Bulphuret  of  poUasium 

poUssa 

aoda 


Copper 

Silver 

Lead 

Tin 

Zinc 

Other  metals 

Charcoal 


Nitric  acid 
Sulphuric  acid 
Hydrochloric  add 
Any  solutions  eon- 
taining  acid. 


The  most  energetic  of  these  combinations  is  that  in  which  the  metal  is 
chemically  attacked  on  one  side  by  solphuret  of  potassium,  and  on  the  other 
by  an  acuL  The  experiment  may  be  made  by  pouring  dilute  nitric  acid 
into  a  cap  of  copper  or  silver,  which  stands  in  another  vessel  containing 
Bolphuret  of  potusium.  The  following  arrangements  may  also  be  employ- 
ed : — ^Let  two  pieces  of  thick  flannel  be  moistened,  one  with  dilate  acid  and 
the  other  with  the  solphuret,  and  then  placed  on  opposite  sides  of  a  plate  of 
copper,  compfeting  the  circuit  by  tonchmg  each  piece  of  flannel  with  a  con- 
ducting wire :  or,  take  two  discs  of  copper,  each  with  its  appropriate  wire, 
immerse  one  disc  into  a  glass  filled  with  dilate  acid,  and  the  other  into  a 
separate  glass  with  alkaline  solution,  and  connect  the  two  vessels  by  a  few 
threads  of  amianthus  or  cotton  moistened  with  a  eolation  of  salt  A  •imt- 
lar  combination  may  be  disposed  in  this  order :  let  one  disc  of  copper  be 
placed  on  a  piece  of  gUss  or  dry  wood ;  on  its  upper  surface  Uy  in  succes- 
sion three  pieces  of  flannel,  the  first  moistened  with  dilute  acid,  the  second 
with  solution  of  salt,  and  the  third  with  solphuret  of  potassium,  and  then 
cover  the  last  with  the  other  disc  of  copper. 

Metallic  bodies  are  not  essential  to  the  production  of  galvanic  phenome- 
na. Combinations  have  been  made  with  layers  of  charcral  and  plumbago, 
oC  slices  of, muscle  and  brain,  and  beet-root  and  wood;  but  the  force  of  these 
cxrckes,  though  accumulated  by  the  union  of  numerous  pairs,  is  extremely 
feeble,  and  they  are  very  rarely  employed  in  practice. 

Of  the  simple  voltaic  circles  above  described,  the  only  one  used  for  ordi- 
nary purposes  is  that  composed  of  a  pair  of  zinc  and  copper  plates  excited 
by  an  acid  soiution  arranged  as  in  figure  1.  The  form  and  size  of  the  ap- 
paratus are  exceedingly  various.  Instead  of  actually  immersing  the  plates 
in  the  solution,  a  piece  of  moistened  cloth  may  be  placed  between  them. 
Sometimes  the  copper  plate  is  made  into  a  cop  ror  con-  Tig.  5. 

taining  the  liquid,  and  the  zinc  is  fixed  between  its  two  V^^^,.^  .^— ^^O 
sides,  as  shown  by  the  accompanying  transverse  verti- 
cal  section,  figure  5;  care  being  taken  to  avoid  actual 
contact  between  the  plates,  by  interposing  pieces  of 
wood,  cork,  or  other  imperfect  conductor  of  electricity. 
Another  cootrivanoe,  which  is  much  more  convenient, 
because  the  zinc  may  be  removed  at  will  and  have  its 
surface  cleaned,  is  that  represented  by  the  annexed 
wood-cat.  (fig.  6.)  C  is  a  cup  made  with  two  cylinders  of  sheet  copper, 
of  unequal  size,  placed  one  within  the  Tig.  6. 

other,  and  soldered  together  at  bottom,  3^  z 

so  as  to  leave  an  intermediate  space  ^  ^ 

a  am,  for  containing  the  zinc  cylinder 
x  and  the  acid  solution.  The  small 
copper  capo  6  fr  are  useful  appendages; 
for  fay  filling  them  with  mercury,  and 
inserting  the  ends  of  a  wire,  the  vol- 
taic  circuit  may  be  closed  or  broken 
with  ease  and  expedition.  This  appa- 
ratos  is  very  serviceable  in  experiments 
on  electro-magnetism. 

Another  kind  of  circle  may  be  formed  by  coiling  a  sheet  of  zinc  and  cop- 
per round  each  other,  so  tliat  each  surface  of  the  zinc  may  be  opposed  to  ono 
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copper,  and  leparated  fipooi  it  by  a  small  interval.  The  London  Institution 
poBsesses  a  very  larre  apparatus  of  thu  sort,  made  under  the  direction  of  Mr. 
repys,  each  plate  of  which  is  60  feet  long  and  two  wide.  The  plates  are 
prevented  from  coming  into  actual  contact  by  interposed  ropes  of  horsehair; 
and  the  coil,  when  used,  is  lifted  by  ropes  and  pulleys,  and  let  down  into  a 
tub  containing  dilute  acid.  The  contrivance  of  opposing  one  large  connecti 
ed  surface  of  zinc  to  a  similar  sur&ce  of  copper,  originated  with  Dr.  Hare  of 
Philadelphia,  who,  from  its  surprising  power  of  igniting  metals,  gave  it  the 
name  of  Calorimotor, 

Compound  VoUaic  CireU$4 — ^This  expression  is  applied  to  vokaic  arrange- 
ments which  consist  of  a  series  of  simple  circles,  llie  first  combinations  of 
the  kind  were  described  by  Volta,  and  are  now  well  known  under  the  names 
cfwtUaie  pile  and  crown  of  eup$.  The  voltaic  pile  is  made  by  placing  pairs 
(^  zinc  and  copper,  or  zinc  and  silver  plates,  one  above  the  other,  as  shown 
in  fi^rure  7,  each  pair  separated  from  those  adjoining  by  pieces  Fig.  7. 
of  doth,  rather  smaller  than  the  plates,  and  moistened  with  a 
saturated  solution  of  salt.  The  relative  position  of  the  metals 
in  each  pair  must  be  the  same  in  the  whole  series;  that  is,  if 
the  zinc  be  placed  below  the  copper  in  the  first  pair,  the  same 
order  should  be  observed  in  all  the  others.  Without  such  pre* 
caution  the  apparatus  would  give  rise  to  opposite  currents, 
which  would  neutralize  each  oUier  more  or  less  according  to 
their  relative  forces.  The  pile,  which  may  consist  of  any  con- 
venient number  of  combinations,  should  be  contained  in  a 
firame  formed  of  glass  pillars  fixed  into  a  piece  of  thick  dry 
wood,  by  which  it  is  both  supported  and  insulated.  Any  num. 
ber  of  these^piles  may  be  made  to  act  in  concert  by  estaUish- 
ing  metallic  communication  between  the  positive  extremity  of  each  pile  and 
the  negative  extremity  of  the  pile  immediately  following. 

The  voltaic  pile  is  now  rarely  employed,  because  we  possess  other  modes 
of  forming  galvanic  combinations  which  are  fkr  more  powerful  and  conve- 
nient The  g^vanic  battery  proposed  by  Mr.  Cruickshank,  consists  of  a 
trough  of  baked  wood,  about  30  inches  long,  in  which  are  placed  at  equal 
distances  50  pairs  of  zinc  and  copper  plates  previously  soldered  together,  and 
BO  arranged  that  the  same  metal  shall  always  be  on  the  same  side.  Each 
pair  is  fixed  in  a  groove  cut  in  the  sides  and  bot-  Fig.  8. 

torn  of  the  box,  the  points  of  junction  being  made 
water-tight  by  cement  The  apparatus  thus  con- 
structed is  always  ready  for  use,  and  is  brought 
into  action  by  filling  the  cells  lefl  between  the 
pairs  of  plates  with  some  convenient  solution, 
which  serves  the  same  purpose  as  the  moistened 
cloth  in  the  pile  of  Volta.  By  means  of  the  ac- 
companying  wood.cut  the  mode  in  which  the 
plates  are  arranged  will  easily  be  understood.  ]        33.4        1 

Other  modes  of  combination  are  now  in  use,  which  facilitate  the  employ- 
ment of  the  voltaic  apparatus  and  increase  its 
energy.    Most  of  these  may  be  regarded  as  Fig.^ 

modifications  of  the  crown  of  cops.  In  this  ap- 
paratus  the  exciting  solution  is  contained  in 
separate  cops  or  glasses,  dispowd  circularly 
or  in  a  line:  each  gloss  contains  a  pair  of 
plates ;  and  each  zinc  plate  is  attached  to  the 
copper  of  the  next  pair  by  a  metallic  wire,  as 
represented  in  figure  9.  instead  of  glasses,  it 
is  more  convenient  in  practice  to  employ  a 
trough  of  baked  wood  or  glazed  earthenware,  divided  into  separate  cells 
by  partitions  of  the  same  material;  and  in  order  that  the  plates  may  be  im- 
mersed into  and  taken  out  of  the  liquid  conveniently  and  at  the  same  moment, 
they  are  all  attached  to  a  bar  of  dry  wood,  the  necessary  connexion  between 
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tbe  zine  of  one  cell  and  tiie  copper  of  the  adjoiDhig  rig.  10. 

ooe^  being  accompiliahed,  as  olrawn  in  figure  10,  by 
a  elip  or  wire  of  copper. 

A  material  improvement  in  the  foregoing  appa- 
ntua  was  aa^ested  by  Dr.  WoUaston  (Mr.  Chil- 
dren*B  Enay  u  PhiL  Trana.  for  1815),  who  recom- 
meoded  that  each  oeU  ahould  contain  one  zine  and 
two  copper  plates,  bo  that  both  snr&cea  of  the  for- 
mer  meial  might  be  opposed  to  one  of  the  latter. 
The  two  copper  plales  commanicate  with  each 
other,  and  tbe  zinc  between  them  with  the  copper 
of  the  adjoining  celL  An  increase  of  one-half  the 
power  ia  said  to  be  obtained  by  this  method. 

A  variation  of  this  contrivance,  which  appears  to  me  advantageoos,  has 
been  soggested  by  Mr.  Hart  of  Glasgow,  who  proposes  to  have  the  doabb 
copper  plates  of  the  preceding  battery  made  with  sides  and  bottoms,  so  that, 
as  in  figure  5,  they  may  contain  the  exciting  liquid.  The  plates  are  attachedi 
as  in  figure  10,  to  a  bar  of  wood,  and  supported  above  the  ground  by  vertical 
columns  of  the  same  material,  by  which  they  are  insulated.  The  oella  are 
fiUed  by  clipping  the  whole  battery  into  a  trough  of  the  same  form,  full  of  the 
exciting  liquid.    (Brewster's  Journal,  iv.  19.) 

The  «ae  and  number  of  the  plates  may  be  varied  at  pleasure.  The  largest 
battery  ever  made  is  that  of  Mr.  Children,  described  in  the  essay  above  x»> 
larred  to,  the  platee  of  which  were  six  feet  long,  and  two  ftet  eight  inches  ' 
broad.  Tbe  common  and  most  convenient  size  fiar  the  plates  is  mnror  six 
iaches  square;  and  when  ^reat  power  is  required,  a  number  of  different  bat- 
teries are  umisd  by  estabhshing  metallic  communication  between  the  posi- 
tive extremity  or  pole  of  one  battery  and  the  negative  pole  of  the  adjoining 
one.  A  very  eifeclive  battery  was  described  by  Dr.  Haore  under  the  name 
of  the  Dtjlmgntwr^  which  consisted  of  80  zmc  ^otes,  9  ibohes  by  6  in  sixQi 
and  80  copper  phtas,  14  iaches  by  6,  ceiled  together,  and  so  eonneoted  that 
the  whole  oonld  be  immersed  into  the  exciting  liquid,  eir  removed  irom  it,  at 
the  same  instant  (An.  of  PhiL  xvii.  339).  The  greet  battery  of  the  Royal 
Institotion,  with  which  Davy  made  his  celebrated  diaoevery  of  the  oompoond 
oatnre  of  the  alkalies,  was  composed  of  2000  pairs  of  plates,  each  plate  having 
33  square  inches  of  snr&ce.  It  is  now  recognized,  however,  that  snob  large 
compound  batteries  are  by  no  means  necessary.  Increasing  the  number  of 
plates  beyond  a  very  moderate  limit  gives,  for  most  purposes,  no  proportion- 
ale  increase  of  power ;  so  that  a  battery  of  50  or  100  pair  of  plates,  thrown 
into  vigorous  action,  will  be  just  as  dative  as  one  of  far  greater  extent 

Tbe  electrical  condition  of  compound  voltaic  arrangements  is  similar  to  that 
of  the  simple  circle.  In  the  broken  circuit  no  electric  current  can  be  traced ; 
but  in  tbe  closed  circoit,  that  is,  when  the  wires  from  tbe  opposite  ends  of  the 
battery  are  in  contact,  the  galvanometer  indicates  a  positive  electric  current 
through  the  batteiy  itself  and  along  the  wires,  as  shown  by  the  arrows  in 
figures  8  and  9.  The  direction  of  the  current  appean  at  first  view  to  be 
dibffisrent  firom  that  of  the  simple  circle ;  since  in  the  latter  the  positive  elec- 
tric current  fiows  from  the  zinc  through  the  liquid  to  the  copper,  while  in 
the  compound  circle  its  direction  is  from  the  extreme  copper  through  the 
battery  to  the  extreme  zinc  plate.  This  apparent  difference  arises  from  the 
compound  circle  being  usually  terminated  by  two  superfiuous  plates.  The 
extreme  copper  and  extreme  zinc  plate  of  figure  8  are  not  in  contact  with  tbe 
exciting  fluid,  and  therefore  contribute  nothing  to  the  galvanic  action :  re- 
moving these  superfluous  plates,  which  are  solely  conductors,  there  will  re- 
main four  simple  circles,  namely,  tbe  3  pair  of  soldered  plates  marked  3,  3, 
4,  which  act  as  in  figure  3,  and  the  then  extreme  plates,  1, 1,  which  are  related 
to  each  other  as  tbe  plates  in  fig.  1.  When  thus  arranged,  the  direction  of 
the  current  will  be  seen  to  correspond  with  that  of  the  simfde  circle. 

During  the  action  of  a  simple  circle,  as  of  zioo  and  copper,  excited  by  di- 
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late  siilpharic  acid,  aU  of  the  hydrogen  developed  in  the  voltaic  prooeas  ia 
evolved  at  the  aarikce  of  the  copper.  This  fiust  ia  not  apparent  when  c»ni- 
mon  zinc  plates  are  used,  owing  to  the  numeroua  currenta  which  form  on  the 
surface  of  the  zinc  (page  89) ;  but  when  a  plate  of  amalgamated  zinc  and 
another  of  platinum  are  introduced  into  dilute  sulphuric  acid  of  ap.  er,  1.068 
or  a  little  higher,  no  gas  whatever  appears  until  contact  between  the  platea 
is  made,  and  then  hydrogen  gas  rises  solely  from  the  platinum,  while  zinc 
is  tranquilly  dissolved.  On  weighing  the  amalgamated  plate  before  and 
after  the  action  haa  continued  for  half  an  hour  or  an  hour,  and  collect- 
ing  the  hydrogen  gas  evolved  during  that  interval,  the  weight  of  the  hydro- 
gen set  free  and  of  zinc  dissolved  will  be  as  1  to  32.3,  being  the  ratio  of  their 
chemical  equivalents.  Mr.  Faraday,  who  has  lately  proved  this,  haa  also 
shown  that  in  a  compound  voltaic  circle,  say  of  10  amalgamated  zinc  plates 
and  10  of  platinum,  each  of  the  former  during  a  given  period  of  action  loaes 
ezactlv  tlie  same  weight,  and  from  each  of  the  latter  an  equivalent  quantity 
of  hydro^n  gas  is  evolved.  This  separation  of  one  ingredient  of  the  excit- 
ing solution  at  one  plate,  while  the  element  previouslv  combined  with  it 
unites  with  the  other  plate,  seems  essential  to  voltaic  action.  It  is  in  some 
way  connected  with  the  passage  of  the  current  across  the  exciting  liquid 
Oxyeen  in  a  free  state  may,  by  oxidizing  zinc,  cause  electric  excitement ; 
but  3ie  voltaic  current  ia  not  establiahed,  unless  the  oxyeen  formed  part  of 
a  previous  liquid  compound  in  contact  or  communication  with  both  the 
pifltes. 

Among  the  different  kinds  of  voltaic  apparatus  is  usually  placed  the  elee- 
tric  column  of  De  Luc,  which  is  formed  of  successive  pairs  of  silver  and 
zinc,  or  sUver  and  Dutch-metal  leai^  separated  by  pieces  of  paper,  arranged 
as  in  a  voltaic  pile.  It  is  remarkable  for  its  power  of  exhibiting  attractions 
and  repulsions  like  common  eldctrieity,  but  cannot  produce  chemical  decom* 
position  or  any  of  the  effects  most  characteristic  of  a  voltaic  current,  and  is 
rather  an  electrical  than  a  voltaic  instrument  It  ia  quoted  as  a  proof  of  eleo- 
tric  development  by  contact,  since  it  wiU  continue  in  action  for  years  witli- 
out  being  cleaned  or  taken  to  pieces.  True  it  is  that  the  more  oxidaUe 
metal  of^the  column  is  slowly  corroded,  and  that  no  electricity  is  excited 
when  the  paper  is  quite  or  nearly  free  from  hvgrrometric  moisture,  the  pre- 
sence  of  which  is  necessary  to  the  oxidation  of  the  zinc  and  copper ;  but  at 
the  same  time  the  quantity  of  electricity  excited  aeems  so  disproportioned 
to  the  corrosion,  that  the  one  can  scarcely  be  assigned  aa  the  cause  of  tha 
other. 

THEORIES  OF  GALVANISM. 

Of  the  theories  proposed  to  account  for  the  development  of  electricity  in 
voltaic  combinationa,  three  in  particular  have  attracted  the  notice  of  philoso*. 
phers.  The  first  originated  with  Volta,  who  conceived  that  electricity  ia  set 
m  motion,  and  the  supply  kept  up,  solely  bv  contact  or  communication  be- 
tween the  metals  (page  87).  He  regarded  the  interposed  solutions  merely 
as  conductors,  by  means  of  which  the  electricity  developed  by  each  pair  of 
platea  is  conveyed  from  one  part  of  the  apparatus  to  the  other.  Thus,  in  the 
pile  or  ordinary  battery,  represented  by  the  following  series, 

3  3  1 


•4-    zinc  copper     fluid     zinc  copper     fluid     zinc  copper    — 

Volta  considered  that  contact  between  the  metals  occasions  the  zinc  in  each 
pair  to  be  positive,  and  the  corresponding  copper  plate  to  be  negative ;  that 
the  poaitive  zinc  in  each  pair  except  the  last,  being  separated  by  an  interven- 
ing stratum  of  liquid  from  the  negative  copper  of  the  following  pair,  yields 
to  it  its  excess  of  electricity ;  and  uat  in  this  way  each  zinc  plate  communi- 
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ottei,  not  only  the  electricity  developed  b j  its  own  contact  with  copper,  but 
abo  that  which  it  had  receiyed  from  the  pair  of  platea  imoiediatelj  before  it. 
ThoA,  in  the  three  pairs  of  pUtes  contained  in  bracketi,  the  second  pair  re- 
oeivea  electridtj  fiom  the  first  onlj,  while  the  third  pair  draws  a  supply 
from  the  first  and  second.  Hence  electricity  is  most  finely  aceumnlated  at 
one  end  of  the  battery,  and  is  proportionally  deficient  at  the  opposite  eztre-  ^ 
mity.  The  intensity  is,  therefore,  greatest  in  the  extreme  pairs,  gradually* 
diminishes  in  approaching  the  centre,  and  the  central  pair  itself  is  neither 
positively  nor  negatively  excited.  In  batteries  constructed  on  the  principle 
of  the  crown  of  cnpa  (fi^.  9),  the  deetra-molum^  as  Vdta  called  it,  is  ascribed 
to  metallic  communication  between  the  zinc  of  one  glass  and  the  copper  of 
the  adjoining  one. 

The  second  is  the  ekemical  theonf,  proposed  by  Wollaston.  Volta  attached 
little  importance  to  the  chemical  changes  which  never  fail  to  occur  in  every 
voltaic  circle,  whether  simple  or  compound,  considering  them  as  casual  or 
vneasential  phenomena,  and  therefore  neglected  them  in  the  construction  of 
his  theory.  The  constancy  of  their  occurrence,  however,  soon  attracted  no- 
tiee.  In  the  earlier  discussions  on  the  cause  of  spasmodic  movements  in  the 
fireg-  (page  87),  Fabroni  contended,  in  opposition  to  Volta,  that  the  effect  was 
BoC  owing  to  electricity  at  all,  but  to  the  stimulus  of  the  metallic  oxide  form- 
ed, or  (^  the  heat  evolved  during  its  production.  More  extended  researches 
soon  proved  the  ftllacy  of  this  doctrine ;  but  Fabroni  made  a  most  ingenious 
nae  of  the  facts  within  his  knowledge,  and  paved  the  way  to  the  chemical 
theory  of  WoUaston. 

Umb  late  Dr.  WoUaston,  fully  admitting  electricity  as  the  voltaic  agent, 
assigned  chemical  action  as  the  cause  by  which  it  is  excited.  The  repeti- 
tion and  extension  of  Volte's  experiments  by  the  English  chemists,  speedily 
detected  the  error  he  had  committed  in  overlooking  ue  chemical  phenomena 
which  occur  within  the  pile.  It  was  observed  that  no  sensible  effects  are  pro- 
dnoed  by  a  combination  of  conductors  which  do  not  act  chemically  on  each 
other;  that  the  action  of  the  pile  is  always  accompanied  by  the  oxidation  of 
the  line;  and  that  the  energy  of  the  pile  in  general  is  proportional  to  the 
activity  with  which  its  plates  are  corroded.  Observations  of  this  nature  in- 
daoed  Wollaston  to  oonclode  that  the  process  begins  with  the  oxidation  of 
the  zinc — that  oxidation,  or  in  other  terms,  chemical  action  was  the  primary 
cause  of  the  development  of  electricity, — ^that  the  fluid  of  the  circle  served 
both  to  oxidiae  the  line  and  to  conduct  the  electricity  which  was  excited,— 
and  that  contact  between  the  plates  served  only  to  conduct  electricity,  and 
4iefeby  complete  the  circuit. 

The  third  theory  c€  the  pile  was  proposed  by  Davy,  and  is  intermediate 
between  the  two  former.  He  adduced  many  experiments  in  support  of  the 
&ct  originally  stated  by  Volta,  that  the  electric  equilibrium  is  dbturbed  by 
the  contact  of  difierent  substances,  without  any  chemical  action  taking  place 
between  them.  He  acknowledged,  however,  with  Wollaston,  that  the  che- 
mical changes  contribote  to  the  general  result;  and  he  maintained  that, 
thoogh  not  the  primary  movers  of  the  electric  current,  they  are  essential  to 
the  continued  and  energetic  action  of  every  voltaic  circle.  The  electric  ex- 
citement was  begun,  he  thought,  by  metallic  contact,  and  maintained  by 


ITie  proi^resB  of  inquiry  since  these  theories  first  came  into  notice,  has 
gradually  given  more  and  more  support  to  the  views  of  Wollaston,  and  has 
at  last,  I  apprehend,  established  it  to  the  entire  exclusion  of  the  theory  of 
Volta.  The  Tery  fundamental  position,  that  electricity  is  excitable  as  a  pri- 
mary result  by  the  contact  of  different  substances,  is  warmly  contested,  and, 
as  aooie  think  with  strong  reason,  has  been  disproved  (pa^e  76) ;  but  admit- 
ting, for  the  sake  of  argument,  that  a  trnaU  effect,  which  is  all  that  can  now 
be  contended  for,  may  thus  be  produced,  it  is  altogether  insignificant  when 
contrasted  with  the  astonishing  phenomena  exhibited  by  a  voltaic  circle.  The 
experiments  of  A.  De  la  Rive,  in  reforenoe  to  this  question,  appear  irreoon. 
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cUaUe  with  tho  theory  of  Volte  (An.  de  Ch.  et  de  Ph.  xxrnil  295).  Thk 
ingeaiouB  pbiloaopher  contenda  that  the  direction  of  a  voitaic  current  is  not 
determined  hv  meUllic  contact,  nor  even  by  the  nature  of  the  metals  rela- 
tiveW  to  eacn  other,  but  by  their  chemical  relation  to  the  exciting  liquid. 
Afl  the  reault  of  hia  inquiries  be  sUtes,  that  of  two  metals  composing  a  vol- 
taic circle,  that  one  which  is  most  energetically  attecked  will  be  positive 
with  respect  to  the  other.  Thus,  when  tin  and  copper  are  placed  in  acid  so- 
Intions,  the  former,  which  is  most  rapidly  corroded,  gives  a^  positive  current 
through  the  liquid  to  the  copper,  as  the  zinc  does  in  the  circle  in  fig.  1 ;  but, 
if  they  are  put  into  a  solution  of  ammonia,  which  acts  most  on  the  copper, 
the  direction  of  the  current  will  be  reversed.  Copper  is  positive  in  relation 
to  lead  in  strong  nitric  acid,  which  oxidizes  the  former  most  freely ;  whereas 
in  dilute  nitric  acid,  by  which  the  lead  is  most  rapidly  dissolved,  the  lead  is 
positive.  Even  two  plates  of  copper  immersed  in  solutions  of  the  same  acid, 
but  of  different  strength,  will  form  a  voltaic  circle,  the  plate  on  which  che- 
mical action  is  most  free  giving  a  current  of  positive  electricity  to  the  other : 
nay,  it  is  possible  to  construct  a  compound  circle  solely  with  zinc  plates  and 
one  acid  solution  (page  89),  provided  the  same  side  of  each  plate  be  more 
rapidly  oxidized  than  the  other. 

Conclusive  evidence  against  the  theory  of  VcAia,  has  very  recently  been 
obtained  by  Faraday.  And  here,  to  prevent  repetition  and  frequent  reference, 
I  may  at  once  stete  that  the  Philosophical  Transactions  for  1833  and  1834 
contain  a  succession  of  essays  on  voltaic  electricity  from  the  pen  of  Mr.  Fa- 
raday, in  which  numerous  errors  have  been  exposed  and  new  views  of  deep 
interest  esteblished.    It  is  much  to  affirm,  but  not  more,  I  conceive,  than  is 
strictly  true,  that  these  researches,  whether  viewed  in  reference  to  their  in- 
trinsic value  to  science,  or  to  the  energy  and  telent  displayed  by  the  author, 
are  eijua]  to  any  of  his  most  successful  contributions.    In  respect  to  the  present 
question,  Faraday  proves  metallic  contact  not  to  be  essential  to  voltaic  action, 
by  procuring  that  action  quite  characteristically  without  con-         Fig.  ii. 
tact.    A  plate  of  zinc,  a,  fig.  11,  about  8  inches  lonir  by  ]|  an 
inch  wide,  was  cleaned  and  bent  at  a  right  angle :  and  a         ^'  ^    \ 
plateof  platinum,  of  the  same  width  and  3  inches  long,  was         '  ' 

soldered  to  a  platinum  wire,  6  «  a;,  the  point  of  which,  x, 
rested  on  a  piece  <^  bibulous  paper  lying  upon  the  zinc,  and 
moistened  with  a  solution  of  iodide  of  potassium.  On  Intro- 
ducin|f  the  plates  into  a  vessel,  e,  filled  with  dilute  snlphuric 
and  nitric  acid,  a  positive  electric  current  instantly  ensued 
in  the  direction  of  the  arrow,  as  testified  by  the  hydrogen 
evolved  at  the  plate  a,  by  the  decomposed  iodide  of  potas- 
slum,  and  by  a  galvanometer.  We  have  thus  a  simple 
circle  of  the  same  construction  and  action  as  in  figure  1,  ex-  xr — ZX 
oept  in  the  absence  of  metallic  contect  ^^^^^ 

Another  proof,  aptly  cited  by  Faraday,  of  electric  excitement  bemginde- 
pendent  of  contact,  is  afforded  by  the  sparlc  which  appears,  when  the  wires 
of  a  pair  of  plates  in  vigorous  action  are  brought  into  contecL  The  spark  is 
occasioned  by  the  passage  of  electricity  across  a  thin  stratum  of  air,  and, 
therefore,  its  production  proves  that  electro-motion  really  occurred  while  the 
^  wires  were  yet  separated  by  a  thin  stratum  of  air,  which  permitted  the  dec 
trie  current  to  pass,  and  anterior  to  their  actual  contact 

The  arrangement  of  figure  11,  however,  though  good  for  establishing  a  prin- 
ciple,  is  not  adapted  for  ordinary  practice.  The  moist  paper  at  x  is  a  much  less 
perfect  conductor  than  a  metal,  and  thus  obstructs  the  passage  of  the  current; 
nay,  it  does  more,  for  it  tends  to  establish  an  opposite  current.  In  fact,  on  remov- 
iDff  the  dilute  acid  fi-om  e,  and  putting  the  zinc  plate,  a,  in  contect  with  the  plate 
or  platinum,  an  ordinary  simple  circle  would  be  formed,  in  which  a  positive 
corrent  would  flow  from  the  zinc  at  x  through  the  solution  to  and  along  the  wire 
«  «  6.  This  current,  in  Faraday's  experiment,  was  so  feeble  compared  with 
the  one  excited  by  the  acid  solution,  that  ite  influence  was  scarcely  appre< 
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ebble;  Imt  if  the  opposed  currents  bad  been  of  the  same  Ibroe,  no  aetion 

woold  hare'  ensued.    To  illostrate  this  still  iiir.  Fig.  is. 

ther,  Faraday  fiied  a  plate  of  platinom,  r,  figure 

13,  parallel  and  near  to  a  plate  of  amalgamated  y  ~-*         *    ^ 

ainc,  s.    On  placing  a  drop  of  dilate  solphuric  ^~<     i v 

acid  at  jf,  and  majung  metallic  contact  between        ^  '^^         2 

the  plate  at  a  p,  a  poaitiTe  electric  cm>rent  flowed  in  the  direction  of  the  ar. 
rowsL    If  in  the  same  [dates,  tig.  13,  the  add  be  fig,  13. 

introduced  at  *,  and  metallic  contact  made  at  f  z,      ■„ 

the  corrent,  paasin?  as  before  from  zinc  through    v  '*^  ^^^ 

the  hqnid  to  the  putinnm,  has  a  direction  op-    \  _^         ^"jc^ 

posed  to  thai  of  fiffore  3,  owin^  to  the  reversed      ^  ~* 

poaitioa  of  the  add.  I^  then,  m  the  same  plates,  figure  14,  a  drop  of  add  be 
introduced  at  y  and  at  x^  the  conditions  are  ob-  pig.  14. 

Tiously  fidfiUed  for  producing  two  opposite  cur-  -p 

rents  of  positife  electricity,  each  fluid  acting  as   r-  — ^ 

a  sabsCitate  ibr  metallic  contact  in  conducting    \\    \  V    !\ 

the  current  which  tbe  other  tends  to  generate.    If     p^  Z  x 

these  opposinf  currents  happen  to  m  equal,  they  will  annihilate  the  effbcts 
each  separately  would  produce ;  and  if  unequal,  the  stronger  current,  as  in 
figure  11,  will  annihilate  the  weaker,  and,  though  with  diminished  power, 
impress  its  character  on  the  circuit. 

These  considerations,  made  in  reference  to  a  simple  drde,  lead  at  once  to 
the  theory  of  the  compound  circle.  For  if,  in  figure  14,  a  drop  of  dilute  acid, 
which  acts  sddy  on  the  zinc,  be  introduced  al  y,  and  a  difierent  liquid  at  x, 
c^aUe  of  corroding  [datinum  and  not  zinc,  then  tbe  chemical  aetion  at  y  will 
cause  a  podtive  current  firom  due  to  platinum,  and  that  at  x  a  similar  cur- 
rent from  platinum  to  dnc.  The  two  currents  tend  to  circulate  in  the  same 
directian,  and  each  promotes  the  progress  of  the  other.  Tlie  same  state  of 
things  ensta  in  the  batteries  represented  by  figures  8  and  9.  Chemical  ac 
tion  taking  place  on  the  zinc  or  each  pair  of  plates,  there  is  a  tendency  to 
establisfa  an  equal  number  of  positive  currents  all  in  the  same  direction;  and 
tbe  simultaneous  eflbrt  of  all  urges  on  the  current  with  a  force  which  it  could 
not  derive  fixMn  a  single  pair  of  plates.  It  is  now,  also,  apparent  that  all  tbe 
zinc  plates  should  have  their  surfiuxs  towards  one  side,  and  those  of  copper 
towards  the  other:  one  reversed  pair  tends  to  establish  a  counter-current, 
wfaidi  enfeeUes  the  influence  of  the  rest  On  the  same  principle,  the  exciting 
laqnid  of  a  voltaic  drde  should  act  exclusively  on  one  of  the  pUtes :  if  the 
copper  is  oadifized  as  fast  as  the  dnc,  opposite  currents  will  be  ezdted,  which 
more  or  less  completely  counteract  each  other.  For  this  reason,  platinum 
and  dnc  act  belter  than  copper  and  zinc,  especially  when  nitric  add  is  em- 
ployed. 

LAWS  OF  THE  ACTION  OF  VOLTAIC  CIRCLES. 

Electricians  distinguish  between  quantity  and  intenrity  in  galvanism  as  in 
ordinary  dectridty.  Qvonlily,  in  reference  to  a  voltuc  drcfe,  signifies  the 
ovsatity  of  electric  fluid  set  in  motion ;  and  by  tengion  or  intensity  is  meant 
me  energy  or  effort  with  which  a  current  is  impelled.  In  the  broken  circuit 
there  is  a  strain  to  establish  an  electric  current  as  a  condition  necessary  for 
oxidation :  there  exists  between  tbe  exdting  fluid  and  the  dnc  a  dedre,  as  it 
were,  for  ehemical  action,  which  cannot  he  gratified  untU,  by  closing  the 
etrcuit,  a  door  or  exit  is  opened  for  the  escape  and  circulation  of  dectridty. 
This  strain  or  tension  is  great,  according  as  the  affinity  between  the  exciting 
flnid  and  dnc  is  great,  and  the  current  derives  a  character  from  this  tension. 
Nitrie  acid,  from  its  great  oddizing  power,  causes  a  grester  tendency  to 
^emical  action,  and,  therefore,  to  the  formation  of  electric  currents,  than 
sdphoric  acid,  and  this  acid  than  a  solution  of  sdt    Currents  of  high  tension 
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are  arged  forward  with  ^eater  inopetaosKy  than  feeble  ones,  more  readily 
overcoming  obstacle^  to  tbeir  paaaage,  whether  derived  from  the  small  aiae 
of  conductmg  wires,  or  the  imperfect  conduction  of  the  liquids  of  the  battery. 

The  current  of  a  single  pair  of  plates,  though  variable  in  intensity  accord- 
ing as  the  nature  and  strength  of  the  exciting  liquid  varies,  never  attains  a 
high  tension.  For  if  the  plates  are  far  apart,  the  current  is  unable  to  pass 
at  all,  or  at  most  but  feebly,  owing  to  the  quantity  of  interposed  liquid ;  and 
if  close,  the  obstacle  to  be  overcome  in  passing  tlirough  a  thin  stratum  of 
fluid  is  too  small  to  admit  of  the  tension  being  considerable.  The  condition 
which  causes  hi?h  intensity  is  an  extended  liquid  conductor  to  be  traversed, 
along  the  whole  Tine  of  which,  as  in  a  compound  circle,  are  ranged  successive 
pairs  of  plates,  each  acting  chemically  on  the  exciting  liquid,  and  urging  on 
a  current  in  the  same  direction.  Under  these  circumstances  the  tension  be- 
comes very  high,  and  the  free  circulation  of  electricity  thereby  occasioned 
enaUes  the  quantity  set  in  motion  to  be  also  increased ;  but  Faraday  has 
given  sufficient  reasons  for  believing  that  the  quantity  of  electricity  trans- 
mitted along  the  wires  of  a  closed  compound  circle  is  exactly  equal  in  amount 
to  that  which  passes  through  one  of  its  cells.  A  compound  circle  does  not 
act  by  directly  increasing  the  quantity  of  electricity,  but  by  giving  impetus 
or  tension  to  that  which  is  excited. 

The  energy  of  a  voltaic  circle  is  usually  estimated  eitler  by  the  deflection 
which  it  causes  on  a  magnetic  needle,  or  by  its  power  of  chemical  decomposi- 
tion.  Using  the  former.  Dr.  Ritchie  has  obtained  some  interesting  numerical 
results,  of  which  the  principal  are  as  follows  (Phil.  Trans.  1832-33.) 

1.  The  power  of  a  single  pair  of  plates  in  deflecting  the  magnetic  needle  is 
directly  proportional  to  the  surface  of  the  plates  which  is  covered  with  dilute 
acid;  that  is,  a  ^iven  deflection,  produced  by  covering  one  square  inch  of 
each  plate  witli  liquid,  will  be  doubled  when  two  square  inches  are  immersed. 

2.  A  plate  of  zinc  introduced  into  a  rectangular  cup  of  copper,  as  in  figure 
5,  paffe  91,  deflects  the  needle  twice  as  much  as  when  one  side  of  the  zinc 
and  the  adjacent  surface  of  copper  are  protected  by  a  coating  of  cement  firom 
the  action  of  the  acid, solution. — ^The  varying  conditions  of  the  experiments 
were  calculated  to  affect  the  quantity  of  electricity  set  in  motion,  without 
changing  the  intensity ;  and,  therefore,  the  results,  proving  the  deflection  to 
depend  on  quantity  and  not  on  tension,  entirely  conform  to  ^neral  experience. 

3.  The  deflection  produced  by  a  pair  of  plates,  in  an  acid  solution  of  uni- 
form strength,  varies  inversely  as  the  square  root  of  the  distance  between 
them, — a  law  previously  established  by  Professor  Gumming.  Thus,  if  a 
plate  of  zinc  be  placed  successively  at  one,  four,  and  nine  inches  from  a  plate 
of  copper,  the  deflecting  powers  will  be  in  the  ratio  of  3,  3,  and  1 ;  that  is, 
only  twice  as  great  at  one  inch  as  at  four,  and  only  three  times  as  great  at 
one  inch  as  at  nine  inches. 

4  The  same  law,  as  previously  deduced  by  Professors  Gumming  and  Bar- 
low, applies  to  variations  in  the  length  of  the  wire  by  which  the  zinc  and 
copper  plate  are  connected.  If,  all  other  circumstances  being  uniform,  the 
conducting  wire  varies  from  four  feet  to  one  foot  in  length,  the  deflecting 
power  will  vary  in  the  ratio  of  1  to  3.  Dr.  Ritchie  informs  me  that  with 
short  metallic  wires,  the  deflection  varies  inversely  as  the  square  root  of  the 
length  of  the  whole  circuit,  that  is,  of  the  solid  and  liquid  conductors  taken 
together.  The  wire  in  these  experiments  must  be  single,  and  not  coiled  as 
in  the  multiplier  of  Schweigger:  lar^  wires  should  be  used  capable  of  freely 
conveying  all  the  electricity  which  is  developed. 

Ritchie  has  also  shown,  ajgrreeably  to  genial  observation,  that  the  deflect- 
ing^ power  of  a  compound  circle  is  not  increased  by  increasing  the  number 
of  its  plates.  A  single  pair  of  plates  with  a  good  conducting  liquid  within 
the  cell,  and  supplied  with  large  conducting  wires  capable  of  carrying  oSiho 
whole  quantity  of  electricity  set  in  motion,  deflects  the  needle  nearly  or  quite 
as  much  as  a  battery  composed  of  several  pairs  of  plates  of  the  same  size. 
This  is  another  proof  that  the  main  influence  of  a  number  of  plates  is  to  in- 
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\  tbe  inimnty  snd  not  the  quantity  of  electricity ;  for  the  prerailing 
opmion  that  the  magnetic  needle  takes  no  c^nizance  of  intenaity  ia  fbUy 
borne  out  by  the  ezperimenta  of  Faraday.  The  ma^etic  needle  may  be 
Tiewed  as  an  exact  measure  of  the  quantity  of  electricity  in  motion,  without 
any  reference  to  its  tension. 

Chemical  decomposition  depends  on  quantity  and  intensity  togrether,  and 
aflSirds  a  criterion  of  the  increased  tension  of  a  compound  circle  due  to  an 
increase  in  the  number  of  its  plates.  The  quantity  of  hydrogen  gas  evolved 
by  a  oomponnd  circle  in  a  given  time  does  not  var^  in  the  simple  ratio  of 
the  number  of  plates;  that  is,  the  volume  of  the  gas  is  not  doubled  when  the 
number  of  plates  is  doubled :  the  effect  increases  at  a  slower  rate^  owing  to 
the  additional  obstacle  to  the  current  caused  by  the  increased  length  of  the 
dreuit.  Ritchie  considers  the  ratio  to  be  as  the  square  root  of  the  number 
of  plates;  so  that  when  the  number  varies  as  1  to  4,  the  gas  evolved  is  as  1 
to  2. 

«  In  discussing  the  preceding  theoretical  questions,  I  have  gone  on  the  as- 
somptJon  of  electricity,  as  explained  in  the  last  section,  being  an  indepen- 
dent principle  susceptible  of  rapid  motion  from  one  body  to  another ;  and  I 
have  here  supposed  that  tbe  condition  of  a  voltaic  conducting  wire  is  similar 
to  that  of  a  wire  leading  from  the  ground  to  the  prime  conductor  of  an  elec- 
trical machine,  or  which  connects  the  inner  and  outer  surfiice  of  a  charged 
Leyden  phial,  except  that  the  voltaic  current  moves  slowly,  owing  to  its 
lower  tension  and  the  interpoeed  imperfect  conductor.  Some  conceive  that 
ifhat  is  called  an  electric  current  is  not  an  actual  transfer  of  anything,  but 
a  process  of  induction  among  the  molecules  of  a  conductor  passing  progres- 
lively  along  iL  Others,  denying  independent  materiality  to  electricity,  may 
ascribe  it  to  a  wave  of  vibrating  matter,  just  as  the  phenomena  of  optics  are 
explained  by  the  undulatory  theory.  But  whatever  theory  of  the  nature  of 
electricity  may  be  adopted,  it  seems  necessary,  afler  the  experiments  of  Fa- 
ladaT  on  the  identity  of  vcdtaic  and  common  electricity,  that  the  nature  of 
an  dedric  and  tqUuc  current  is  essentially  the  same. 

EFFECTS  OF  GALVANISM. 

When  a  zinc  and  copper  plate  are  immersed  in  dilute  acid,  and  the  wire 
attached  to  the  fiirmer  u  connected  with  a  gold-leaf  electrometer  of  suffi- 
cient delioicy,  the  leaves  diverge  with  negative  electricity ;  and  on  testing 
the  wire  of  the  copper  plate  in  a  similar  manner,  divergence  from  positive 
electricity  is  obtained.  The  effect  is  so  feeble  with  a  single  pair  of  plates, 
aa  to  be  scarcely  appreciable ;  but  with  a  battery  of  many  pairs  it  is  veiy 
fiatinct,  though  never  powerful.  This  would  of  course  be  expected,  since 
two  oppositely  electrified  conductors,  immersed  in  the  same  liquid,  would 
necessarily  neutralize  each  other,  unless  their  intensity  was  too  feeble  to  find 
m  passage  through  the  solution.  The  condition  of  a  lottery  which  gives  the 
greateat  4livergeBcy  to  an  electrometer  is  that  of  numerous  plates ;  small 
pbtes  an  inch  square  being  just  as  effectual  as  large  ones.  The  free  elec- 
triei^  on  the  wires  is  apparently  an  effect  of  the  tension  of  the  unbroken 
eireuit,  and  is*  proportional  to  it,  though  the  mode  in  which  the  e^ct  arises 
is  of  difficult  ezfjanation.  It  is  due,  perhaps,  to  a  disturbed  electric  equili- 
brium in  tbe  zinc  plate,  the  chemical  relation  of  which  to  the  acid  renders 
that  metal  positive  at  the  expense  of  the  attached  wire ;  while  the  copper 
plata,  induced  bj  the  contiguous  zinc,  becomes  negative  at  the  expense  of 
its  wire,  which  is  thus  roiMKred  positive. 

A  iMfjdea  jar  may  be  charged  from  either  wire  of  an  unbroken  circuit, 
provided  tbe  battery  be  in  a  state  to  supply  a  Uu-ge  quantity  of  electricity  of 
bi^  tension,  as  when  formed  of  numerous  four-inch  plates  excited  by  dilute 
acuL  When  tbe  wires  from  such  a  battery  are  broup^ht  near  each  other,  a 
ipark  ia  seen  to  pass  between  them ;  and  on  establishing  the  communieation 
fay  means  of  the  hands,  previously  moistened,  a  distinct  shock  is  perceived, 
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On  lending  the  corrent  through  fine  metallic  wiree  or  elender  pieeee  <if 
plumbago  or  oompACt  charcoal,  these  oonductorB  become  intenaely  hotedv 
the  wires  even  of  the  most  refractory  metals  are  fused,  and  a  vivid  white  light 
appears  at  the  points  of  the  charcoal,  ^vud  if  not  superior  in  intensity  to  mat 
emitted  during  the  burning  of  phosphorus  in  orfgm  gas ;  and  as  this  phe- 
nomenon takes  place  in  an  atmosphere  void  of  oxygen,  or  even  under  the 
surfkce  of  water,  it  manifestly  cannot  be  ascribed  to  combustion.  If  the 
communication  be  established  by  metallic  leaves,  the  metals  born  with  vivid 
scintillations.  Gold-leaf  burns  with  a  white  light  tinged  with  blue,  and 
yields  a  dark  brown  oxide ;  and  the  lifht  emitt^  by  suver  is  exceedingly 
brilliant,  and  of  an  emerald-green  colour.  Copper  emits  a  blueish.white 
light  attended  with  red  sparks,  lead  a  beautiful  purple  light,  and  zinc  a  hriU 
liant  white  light  inclining  to  Uue,  and  fringed  with  red.  (Singer.)  In  bum. 
ing  metallic  leaf,  fbsing  wire,  and  igniting  charcoal,  a  large  quantity  of  elec 
tridty  is  the  only  requisite.  The  phenomena  seem  to  arise  from  the  cur- 
rent passing  along  these  substances  with  difficulty ;  a  circumstance  which, 
as  thejr  are  per^t  conductors,  can  only  happen  when  the  quantity  to  be  • 
transmitted  is  out  of  proportion  to  the  extent  of  surfiioe  over  which  it  haa  to 
pass.  It  is,  therefore,  an  object  to  excite  as  large  a  quantity  of  electricity  in 
a  given  time  as  possible,  and  for  this  purpose  a  fow  large  plates  answer  bc^ 
ter  than  a  great  many  small  ones.  A  strong  acid  solution  should  also  be 
used ;  since  energetic  action,  though  of  short  continuance,  is  more  import- 
ant than  a  moderate  one  of  greater  permanance.  A  mixture  of  ten  or  twdve 
parts  of  water  to  one  of  nitric  add  is  applicable ;  or,  for  the  sake  of  economTt 
a  mixture  of  one  part  of  nitric  to  two  parti  of  sulphuric  acid  may  be  sub- 
stituted for  pure  nitric  acid.  The  large  battery  of  Mr.  Children,  though  ca» 
Cible  of  fusmff  several  feet  of  platinum  wire,  had  an  electric  tension  so  foe- 
e,  that  it  did  not  affect  the  gold  leaves  of  the  dectrometer,  gave  a  shock 
scarcely  perceptible  even  wl^n  the  hands  were  moist,  communicated  no 
charge  to  a  Leyden  jar,  and  could  not  produce  chemical  decompodtion.* 

Among  the  effects  of  gdvanism,  produced  like  most  of  the  former  by  a 
dosed  circuit  only,  and  caused  by  electric  currents,  none  are  more  snrpris- 
ing  or  so  important  as  its  chemical  and  magnetic  eflfocts.  These  will  ba 
studied  soccessivdy  under  separate  heads.  For  deflecting  a  magnetic  nee- 
dle, the  only  required  condition  is  quanti^  of  dectridty,  the  amount  of 
which  is  exactly  measured  by  the  degree  of  deflection;  but  for  chemicd  de- 
compodtion quantity  and  tension  must  be  combined :  for  the  former  a  nngle 
pair  of  large  plates  is  best  fitted ;  for  the  latter  a  compound  drcle  is  almost 
essentid. 

Most  of  the  effects  of  gdvanism  above  described  are  so  similar  to  those 


*  Dr.  Hare  has  broached  a  very  ingenious  theory  to  account  for  the  heat 
excited  by  galvanic  action.  He  does  not  consider  it  prd>able  that  the  heat 
oxtricated  by  gdvanic  combinations  is  the  effect  of  the  corrent  of  dectridty 
pasdng  with  difficulty  along  conductors,  in  consequence  of  the  quantity  to 
be  transmitted  being  out  of  proportion  to  the  extent  of  the  sur&oes  over 
which  it  has  to  pass.  On  the  contrary,  he  believes  that  cdoric,  like  deetrU 
dty,  is  an  wigimd  product  of  galvanic  action.  According  to  his  views,  thft 
relative  proportion  of  the  two  prindples  evdved  depends  upon  the  epnstruo- 
tion  of  the  apparatus;  the  caloric  being  in  proportion  to  the  extent  oi  iht 
generating  surfiuse,  and  the  dectridty  to  the  number  of  the  series.  In  the 
case  of  batteries,  in  which  the  size  uid  number  of  the  plates  are  very  con. 
siderable,  both  dectridty  and  caloric  are  presumed  by  him  to  be  generated 
in  large  quantities.  When  the  number  of  the  plates  is  very  great,  and  their 
siae  indgnificant,  as  in  De  Luc*s  odumn,  dectridty  is  the  sde  product; 
and  conversely,  where  the  size  is  yery  great  and  the  number  of  the  series 
small,  cdoric  is  abundantly  produped,  and  the  dectricd  effiscts  are  nearly 
DDlL-*J5tf. 
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<if  the  efeetnctl  nnduDe,  that  it  is  impoBsiUe  to  witnett  and  wajmn  both 
■enoo  of  phenomena  without  ascribing  them  to  the  same  agent  The  qoes* 
lion  of  identitj  early  oocnpied  the  attention  of  WoUaston,  who  made  some 
nvrj  beaotifiil  and  ooncloaiTe  experiments  to  prove  that  the  chemical  effects 
of  galvanism  saay  be  charaet^istically  prodaoed  by  a  current  £rom  the  elec- 
trical f««^>»'ii*  (PhiL  TVana,  1801).  The  subject  has  been  eiamined  anew 
hy  Feraday,  who  has  subjected  the  effects  of  electricity  and  galvanism  to  a 
minote  and  critical  comparison:  he  has  obtained  ample  prom  of  the  deoom- 
posing  power  of  an  electric  current  from  an  electrical  macbino,  both  by  re- 
poating  the  experiments  of  WoUaston  and  devising  new  ones  of  his  own. 
lb  has  also  completed  the  chain  of  evidence  by  deflecting  a  magnetic  needle 
with  an  electric  cnrrent  from  the  machine,  an  observation,  indeed,  which 
had  been  pfeviooaly  made  by  CoUadon.  These  researches  have  led  to  a  re- 
■»«>w«KU  contrast  between  the  quantity  of  electricity  concerned  in  the  pro- 
duction of  voltaic  and  ordinary  electrical  phenomena.  Faraday  states,  that 
the  qoantitv  of  electric  fluid  employed  in  decomposing  a  su&gle  grain  of  wa- 
ter is  equal  lo  that  of  a  very  powerful  flash  of  lightning ;  and  this  statement, 
mnpriaing  as  it  is,  is  supported  by  such  strong  evidence,  that  it  is  difficult 
to  withhold  assent  to  the  assertion. 

Ckewue^  AcUom  tf  GiUvaui9m.r^The  chemical  agency  of  the  voltaic  ap- 
paiatBs,  to  which  chemists  are  indebted  fi>r  their  most  powerful  instrument 
of  aaalyiia,  was  discovered  by  Messrs  Carlisle  and  Nicholson,  soon  after  the 
isvention  was  made  known  in  tins  countrv.  The  substance  first  decompos- 
ed by  it  was  water.  When  two  gold  or  platinum  wires  are  connected  with 
the  opposite  ends  of  a  battery,  and  their  free  extremities  are  plunged  into 
the  same  cop  of  water,  but  without  touching  each  other,  hydrogen  gas  is 
disengaged  at  the  negative  and  oxygen  at  the  positive  wire.  By  collecting 
the  gases  in  separate  tubes  as  they  escape,  they  are  found  to  be  quite  pure, 
and  m  the  exact  ratio  of  two  measures  of  hydrogen  to  one  of  oxygen.  When 
wires  of  a  more  oxidaUe  metal  are  employed,  the  result  is  somewhat  differ. 
ent  The  hydrogen  gas  appears  as  usual  at  the  nc^tive  wire;  but  the 
oxygen,  instead  3t  eacaping,  combines  with  the  metal,  and  converts  it  into 


This  important  discovery  led  many  able  experimenters  to  make  similar 
trials.  Other  eompoond  bodies,  sueh  as  acids  and  salts,  were  exposed  to  the 
action  of  ^ahaaism,  and  all  of  them  were  decomposed  without  exception, 
mmt  of  their  elements  appearing  at  one  side  of  the  battery,  and  the  other  at 
its  opposite  extremity.  An  exact  uniformity  in  the  circumstances  attending 
the  deeompoeition  was  alao  remarked.  Thus,  in  decomposing  water  or 
other  oompoonds,  the  same  kind  of  body  was  always  disengaged  at  the 
same  side  of  the  hatte^.  The  metals,  inflammable  substances  m  general, 
the  alkalies,  earths,  and  the  oxides  of  the  common  metals,  were  round  at 
the  negative  wire ;  while  oxygen,  chlorine,  and  the  acids,  went  over  to  the 
positive  sorfiioe. 

In  peifaming  some  of  tnese  experiments,  Davy  observed,  that  if  the  con- 
doeting  wires  were  plunged  into  separate  vessels  of  water,  made  to  comma- 
nicatB  by  some  moist  filwes  of  cotton  or  amianthus,  the  two  gases  were  still 
disengaged  in  their  inoal  order,  the  hydrogen  in  one  vessel,  and  the  oxy^n 
in  the  other,  just  as  if  the  wires  had  been  immereed  into  the  same  portion 
of  that  liqnid.  This  sin|pilar  fiict,  and  another  of  the  like  kind  observed  by 
Hiaihger  and  Bersetios,  uduced  him  to  operate  in  the  same  way  with  other 
eoupoonda,  and  thus  gave  rise  to  his  celebrated  researches  on  the  transfer 
of  chemical  enbstanees  from  one  vessel  to  another  (Phil  Trans.  1807). 
In  these  experiments  two  agate  cups,  N  and  F,  were  employed,  th^  first 
eommnnicating  with  the  negative,  the  second  with  the  positive  wire  of  the 
battery,  and  connected  together  by  moistened  amianthus.  On  putting  a 
salation  of  sulphate  of  potassa  or  soda  into  N,  and  distilled  water  into  P, 
the  acid  very  soon  passed  over  to  the  latter,  while  the  liquid  in  the  fi>rmer, 
which  was  at  Itest  neutral,  became  distuictly  alkaline.    The  process  was  re- 
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voned  by  piamag  the  nliae  lolotioii  in  P,  and  Ifae  dirtilled  water  inN,  when 
the  tlkali  went  ofer  to  the  negative  cap,  leaving  five  acid  in  the  other. 
That  the  add  in  the  first  experiment,  and  the  alkaline  haae  in  the  eeoond, 
actually  passed  along  the  amianthus,  was  obvious;  fiir  on  one  occasion, 
when  nitrate  of  oxide  of  silver  was  substituted  for  the  sulphate  of  potaisa, 
the  amianthus  leading  to  N  was  coated  with  a  film  of  metaL  A  similar 
transfer  was  effected  by  putting  distilled  water  into  N  and  P,  and  a  saline 
solution  in  a  third  cup  placed  between  the  two  others,  and  connected  with 
eadi  by  moutened  amianthus.  In  a  short  time  the  acid  of  the  salt  appeared 
in  P,  and  the  alkali  in  N.  It  was  in  pursuing  these  researches  that  Davy 
made  his  great  discovery  of  the  decomposition  of  the  alkalies  and  earths, 
which  till  Uien  had  been  regarded  as  elementary.    (PhiL  Trans.  1808.) 

Such  is  a  statement  of  me  principal  phenomena  of  electro-chemical  de- 
composition according  to  the  earlier  experiments.  The  fiusts  then  observed 
were  received  as  established  truths  of  science,  and  passed  current  without 
suspicion  or  scrutiny  till  the  present  time.  But  Mr.  Faraday,  in  his  revi- 
sion of  this  part  of  the  science,  has  not  only  added  much  new  matter,  but 
proved  that  several  points,  which  were  considered  as  ffandamental  maxims, 
are  erroneous.  Before  describing  his  results,  however,  I  will  define  the 
new  terms  which  he  has  had  occasion  to  introduce^ — ^In  order  to  decompose 
a  compound,  it  is  necessary  that  it  should  be  liquid,  and  that  an  electric 
current  should  pass  through  it,  an  object  easily  effected  by  dipping  into  the 
liquid  the  ends  of  the  metallic  wires  which  communicate  with  the  voltaic 
circle.  These  extremities  of  the  wires  are  commonly  termed  jioles,  from  a 
notion  of  their  exerting  attractive  and  repulsive  energies  towards  the  eie- 
ments  of  the  decomposing  liquid,  just  as  the  poles  of  a  magnet  act  towards 
iron ;  and  each  is  fiirther  distinguished  bf  the  term  poBitive  or  negative^  ac- 
cording as  it  afiects  an  electrometer  with  positive  or  negative  mectricity. 
Now  raradav  contends  that  these  poles  have  not  any  attractive  or  repulsive 
energy,*  and  act  simply  as  a  path  or  door  to  the  current:  he  hence  calls 
them  eleetrodea^  firom  nxtsr^op,  and  e^«(,  a  way.  The  electrodes  are  the 
surfiices,  whether  of  air,  water,  metal,  or  any  other  substance,  which  serve 
to  convey  an  electric  current  into  and  from  the  liquid  to  be  decomposed. 
The  sor&ces  of  this  liquid  which  are  in  immediate  contact  with  the  elec- 
trodes, and  where  the  elements  make  their  appearance,  are  termed  mutde 
and  cathode,  from  ^«,  vptMrds,  afid  •/«(,  the  way  in  which  the  sun  rises, 
and  sctTfl^  doumwardt,  the  way  in  which  the  sun  sets.  The  anode  is  where 
the  positive  current  is  supposed  to  enter,  and  the  cathode  where  it  quits,  the 

*  Mr.  Faraday  here  proves  experimentally,  what  we  threw  out  as  a  sur- 
mise, in  a  note  contained  in  the  last  Amencan  edition  of  this  work,  as  to 
the  indispensableness  of  a  galvanic  current  to  the  production  of  chemical 
decomposition,  independent^  of  the  agency  of  %ny  attractive  or  repulsive 
energy  exercised  by  the  poles,  as  suppmed  by  Davy.  The  note  referred  to 
is  in  the  following  words  >-* 

**  If  the  explanation**  given  by  Davy,  **of  the  chemical  agencies  of  the 
voltaic  apparatus  were  well  founded,  then  it  would  fidlow  that  decomposi- 
tion should  take  ^ace,  if  the  same  portion  of  water  was  pUced  in  connex- 
ion, at  the  same  time,  with  the  positive  pole  of  one  battery  and  the  negative 
pole  of  another.  Thus  the  negative  oxygen  being  attracted  more  strongly 
by  the  positive  ot  sdnc  pole  than  by  the  positive  hydrogen  with  which  it  is 
oombtned,  would  have  its  union  with  the  latter  severed,  a  result  which 
would  be  fkvoured  by  the  repulsion  exercised  by  the  positive  pole  on  the 
hydrogen.  Again,  the  positive  hydrogen  would  be  attracted  by  the  negative 
pole  and  the  oxygen  be  repeUed.  But  I  doubt  very  much  whether  any  de- 
composition would  take  place  under  such  circumstances ;  and  hence  I  bdieve 
that  a  current  of  the  galvanic  fluid  through  compounds  is  essential  to  its 
decomposing  powers,** — Ed, 
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teomponnf  l&qQidt  ill  diieetun,  when  the  dMlrodai  ue  vltoed  cm!  and 
iTMt,  corwponHmg  with  that  of  the  pooitiTe  eonrent  whidi  is  thought  to 
eueulato  on  the  nnftoe  of  .the  earth  (paee  117).  To  dettnlyxt  a  com* 
pennd,  ie  to  deoompoae  it  by  the  direct  action  of  ffalvaniam,  its  name  bdng 
fbnned  from  uxuwm  and  xv«,  to  wiiIoom,  or  til  /rte;  and  an  electrolyte  ie 
m  compound  which  may  be  electrolynd.  The  elementa  of  an-  electrolyta 
am  catted  ions,  from  iot,  gohig,  neuter  participle  of  the  verb  to  go.  AmoM 
are  the  iona  which  appear  at  the  anode,  and  are  naaally  termed  the  electro- 
Bflfative  ingredienta  of  a  oompound,  auoh  as  ozysen,  ehlorincv  and  adds; 
and  the  de^ro-podtive  anbatanoes,  hydrogen,  metiua,  alkaliea,  which  appear 
aft  the  cathode,  are  eotiona.  Whaterer  may  be  thought  of  the  neceaaity  for 
acme  of  these  terms,  the  words  electrode,  electrolyae,  and  etectrolyte,  are 
peoollBrly  appropriate. 

Tlw  principal  freta  determined  by  Mr.  Faraday  may  be  arranged  under 
the  IbBowing  propositions  >— 

1.  All  compounds,  contrary  to  what  haa  been  hitherto  onpposed,  are  noi 
dBotmlytei^  that  is,  are  not  directly  decomposable  by  an  electric  current. 
But  in  making  thia  assertion  it  is  necessary  to  distinguish  between  primary 
and  secondary  decomposition.  Water  is  an  electrolyte,  its  hydrogen  being 
dsBfcred  up  at  the  negative  and  its  oxygen  at  the  positive  electrode.  A 
eohition  of  hydrochloric  acid  is  likewise  an  electrolyte,  being  resolved  inta 
cUorine  and  hydrogen.  But  nitric  and  sulphuric  acids  and  ammonia  are 
not  electrolytes,  though  the  first  and  last  are  decomposed  by  secondary 
aptieo.  Thus,  on  subjecting  nitric  acid  to  voltaic  action,  the  water  of  tm 
■olotion  is  electrolyaed,  and  its  hydrogen  arriving  at  the  negative  electrode 
decomposes  the  nitric  acid,  water  hein^  there  reproduced  and  nitrous  acid 
fenned.  So,  in  a  solution  of  ammonia,  the  oxygen  of  decomposed  water 
oniftea  at  the  positive  ele<4rode  with  the  hydrogen  of  the  ammonia,  and 
nitro|ren  gas  is  evolved.  Very  numerous  secondary  actions  are  occasioned 
in  this  way,  beeauae  the  disunited  elements  are  presented  in  a  nascent  form, 
whi^  b  peeufiarly  ftvonraUe  to  chemical  action ;  and  in  many  instancea 
the  electrode  itRU^  which  u  commonly  metallic,  is  chemically  attacked. 
By  alow  aecondary  actions  of  this  nature,  effected  by  very  feeble  cur- 
rents, Beoqoerel  hss  procured  several  crystalline  compounds  analogous  to 
nuserais. 

2.  Most  of  the  salts  which  have  been  examined  are  resolvable  into  acid 
and  oxide,  apparsntly  .without  reference  to  their  proportions.  But  in  com. 
pNmds  of  two  elements,  the  ratio  of  combiuation  has  an  influence  which 
has  hitherto  been  wholly  overlooked.  No  two  elements  appear  capable  of 
lorming  more  than  one  electrolyte.  Hydrochloric  acid,  and  fiised  metallic 
protoehloridcB,  each  aa  the  chlondes  of  lead  and  silver,  and  protochloride  of 
tin,  are  readily  decompoeed;  while  bichloride  of  tin  and  other  perchloridea 
reaist  decompoaitioo.  Substances  which  consist  of  a  single  equivalent  of 
one  element  and  two  or  piore  equivalents  of  some  other  element,  are  not 
eleelrolytes :  this  is  the  reason  why  sulphuric  and  nitric  acid  and  ammonia 
do  not  yield  primarily  to  voltaic  action.  This  principle  bids  fair  to  become 
very  important  in  determining  which  of  several  compounds  of  two  elements 
contains  smgle  equivalents.    Water,  which  is  remarkable  for  its  easy  de- 

ay  bene 


t  may  hence  be  inferred  to  be  a  true  binary  compound. 

3.  It  haa  been  ascertained  that  most  of  the  elements  are  .ions,  and  it  is 
probable  that  all  of  them  are  so ;  but  there  are  several  important  elennenta, 
SQch  aa  nitrogen,  carbon,  phosphoms,  boron,  aluminium,  and  ailicium, 
which  have  not  yet  been  proved  to  be  tons.  This  arises  from  the  difficulty 
of  obtaining  theoe  eiements  in  compounds  fitted  fi)r  electrolytic  action. 

4^  A  ain^  isn,  that  is,  one  ion  not  in  combination  with  another,  has  no 
tendency  to  paaa  to  either  of  the  electrodes,  and  is  quite  indifferent  to  the 
passing  cnrrent,  unless  it  be  itself  a  compound  ion,  and  therefore  electroly- 
able.  The  diaracter  of  trne  electrolytic  action  consists  in  the  separation  of 
MM,  one  paaaing  to  one  electrode  and  another  to  the  opporite  electrode,  and 
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tppMriflf  then  at  the  nme  inetant,  mileit  the  appeanoioe  of  one  or  both 
be  prevented  by  aome  aecondary  action. 

5.  There  ie  no  such  thing  as  a  transfer  of  unu  in  the  sense  usoaUy  un- 
derstood. In  order  that  the  elements  of  deoomposed  water  should  appear 
at  the  opposite  electrodes,  there  must  be  water  between  the  electrodes;  and 
lor  the  similar  separation  of  solphurio  acid  and  sodst  there  must  be  a  line 
of  particles  of  sulphate  of  soda  extending  from  one  electrode  to  the  other. 
Thus,  if  a  solution  of  sulphate  of  magnesia  be  covered  with  pure  water, 
care  being  Uken  to  avoid  all  admixture  of  particles,  and  the  positive  metal- 
lie  termination  or  pole  touch  the  magnesian  solution  only,  while  the  nega. 
tive  pole  is  in  contact  with  the  water  only,  a  depoeite  of  magnesia  ooenrs 
just  where  the  pure  water  and  the  magnesian  solution  meet,  and  none 
reaches  the  negative  pole.  In  Davy's  experiment,  where  sulphuric  acid  and 
soda  appeared  to  quit  each  other,  and  pass  over  separately  into  a  vessel  of 
pure  water,  there  was  certainly  by  capillary  attraction  an  actual  transfer 
of  the  salt  before  decomposition  occurred. 

6b  In  the  foregoing  experiment  a  sur&oe  of  water  acts  as  the  negative 
eleetrode,  clearljr  showing  the  contact  of  a  metallic  conductor  with  the  de- 
composing liquid  not  to  be  essential  Faraday  has  proved  thst  even  air 
may  serve  as  an  electrode.  A  current  from  the  prime  conductor  of  an 
electrical  machine  was  made  to  pass  from  a  needle's  point  through  air  to  a 
pointed  piece  of  litmus  paper  moistened  with  sulphate  of  soda,  and  then  to 
issue  from  a  similarly  moistened  point  of  turmeric  paper.  True  electrolytic 
action  took  place,  the  litmus  becoming  red  and  the  turmeric  paper  br«ywii« 
though  both  extremities  of  the  decomposing  solution  communicated  solely 
with  a  stratum  of  air. 

7.  Eleotro-cbemical  decomposition  cannot  occur  unless  an  electric  our- 
rent  is  actually  transmitted  through  it;  or,  in  other  terms,  an  electrolyte  is 
always  a  conductor  of  electricity.  Water,  which  conducts  an  electric  cur- 
rent, ceases  to  do  so  when  it  passes  into  ice,  and  then  also  resists  decompo- 
sition—an observation  equslly  true  of  all  electrolytea  in  becoming  solid. 
Moreover,  liquids  which  resist  electro-chemieal  decomposition  do  not  per- 
mit the  current  of  a  voltaic  circle  to  pass.  The  alliance  between  conduc- 
tion and  decomposition  is  so  constant,  that  the  latter  may  be  regarded  as  a 
means  by  which  voltaic  currents  are  transmitted  through  liquid  compounds. 
Agreeably  to  this  notion,  solidity  may  interfere  with  conduction  b^  chaining 
down  the  elements  of  a  compound,  and  thereby  preventing  their  transfer 
to  the  electrodes.  Improving  the  conduction  of  a  liouid,  as  by  adding  sul- 
phuric acid  to  pure  water,  increases  the  decomposing  power  oC  a  voltaio 
circle,  the  excitmg  fluid  within  the  apparatus  remaining  the  same;  and 
Faraday  has  prov^  that  the  Quantity  of  a  compound  decomposed  is  enetly 
proportional  to  the  quantity  or  electricity  which  passes,  however  much  other 
eireumstanoes,  such  as  the  siae  of  electrodes  and  conducting  wires,  number 
and  size  of  plates,  and  nature  of  exciting  fluid,  may  var^.  Ghanges  in 
these  conditions  do,  indeed,  influence  the  quantity  of  electricity  transmitted; 
but  then  the  degree  of  chemical  decomposition  varies  in  the  same  propor- 
tion. The  foregoing  fects  at  first  led  to  the  opinion  that  the  current  of  a 
voltaic  circle  cannot  pass  through  liquids,  except  those  of  a  metallic  nature, 
unless  decomposition  ensues  at  the  same  time;  but  Faraday  has  noticed 
that  when  the  intensity  is  too  feeble  to  efi'ect  decomposition,  a  small  quan- 
tity of  electricity  may  be  transmitted,  sufficient  to  be  discovered  by  a  ^- 
vanometer.  This  does  not,  however,  essentially  interfere  with  the  law  just 
announced. 

8.  Chemical  compounds  diffisr  in  the  electrical  feroe  required  fer  deoom- 
position.  A  current  of  very  feeble  tension  suffices  to  deoompoee  iodide  of 
potassium,  while  a  much  higher  intensity  is  required  fer  disuniting  the  ele- 
mcnts  of  water.  The  order  of  easy  decomposition  in  the  annexed  substances 
is  as  fellows: — ^Solution  of  iodide  of  potassium;  flised  chloride  of  silver; 
frwed  prolochloride  of  tin;  fused  chloride  of  load;  fused  iodide  of  lead;  aolo^ 
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tioa  of  hjpQf OBJtoie  mud ;  md  water  iciduhtmi  with  ■alplwiiie  aoid.  Bfes- 
teDding  taUfls  of  this  kindt  a  ready  method  will  be  known  for  comparing  Hm 
tBDnoQ  of  Toltaie  cixdea. 

9.  "HiB  oondaetioD  of  the  electric  cqrnmta  within  the  eeUa  of  a  Toltaio  cir- 
do  dfipendi  on  chemical  decomporition  equally  with  that  between  pklinam 
eleoCiodefl.  No  aobstanoe  not  an  electrolyte  can  aerFO  to  excite  a  Toltaic  ap- 
puaioa;  and  for  the  pasage  of  electricity  from  plate  to  (date  tbrcNigh  the  in- 
tasrening  aolotioo,  the  separation  of  aubatancea  prerioualy  combizied  in  the 
reqiared  ratio  ia  eawntiil  Neither  free  oxygen  nor  a  folntion  of  chlorine 
can  excite  a  cmrrent,  though  they  atteck  the  xmc ;  and  in  a  Tolteic  circle  ex- 
cited by  dihito  anlphoric  add,  the  electricity  set  in  motion  ia  due  to  decom- 
poaed  water  and  oxidised  zinci  and  not  at  all  to  the  union  of  the  oxide  of  sine 
with  aolplimic  acid.  The  platinum  electrodea  and  intervening  liquid  may 
be  viewed  as  one  of  the  cells  of  the  circle,  except  that  the  plates  act  merely 
as  oondnctoTB,  witboot  any  oxidation,  the  current  passing  in  Tirtue  of  t£e 
decomposed  sofaitioa.  Thus,  in  figure  9,  page  92,  the  zinc  and]  copper  plate 
of  either  of  the  glasKS  may  be  replaoed  by  two  plates  of  platinum ;  or  semal 
pairs  of  such  jwtoa  may  be  introduced  in  any  part  of  a  compound  circle,  in 
which  case  the  intervenrnff  spaces  are  cells  of  decomposition  <mly.  But  such 
plates  diminish  Tery  mnca  toe  power  of  a  battery.  In  the  zinc  and  copper 
ceOa,  the  current  is  urged  on  by  the  appetency  of  the  zinc  and  oxygen  to 
unite;  whereas,  in  passing  between  the  electrodes,  the  electricity  has  to  snr- 
mount  the  mutual  attraction  of  oxygen  and  hydrogen,  or  aome  similar  force, 
without  the  assistance  of  any  opposing  affinity.  In  oyerooming  this  obstede, 
the  electric  current  is  enfeebled ;  and  if  ito  tension  is  insufficient  for  decom- 

f  the  interposed  liquid,  it  is  almost  completely  arrested.    Hence,  in  ex- 
sote  on  decomposition,  the  course  of  the  electridty  should  be  faciliUted 
mpioy ing  lar^  electrodes  and  wires,  and  placing  them  at  a  short  distance 
firam  eacn  o&er  m  a  good  conducting  aolntion. 

The  prindpfea  above  estoblished  show  the  importance  of  exdting  all  the 
odla  of  a  voltaic  drde  vrith  a  liquid  of  the  same  strength.  The  electrid^ 
cirrolaling  m  a  vobaie  apparatus  with  the  conducting  wires  in  contect,  is 
equal  to  that  which  the  feeblest  cell  is  able  to  transmit  any  chemical  action 
in  other  eells  more  then  sufficient  for  exdting  that  quantity  being  wasted; 
end  in  a  drcfe  with  several  decomposing  cells,  the  current  which  traverses 
ihe  csO  of  lowest  oondocting  power  determines  the  quantity  circulating 
thi«^  the  wboJe  apparatus. 

10.  In  a  voltaic  drde  in  which  no  zinc  is  oxidized  but  what  contribntea  to 
ezdte  uk  electric  current,  the  quantity  of  zinc  dissdved  in  a  given  time  fitim 
each  plate  b  in  a  constant  ratio,  not  only  to  the  hydrogen  gas  evdved  fh>m 
the  conesponding  copper  plate  (page  94),  but  to  the  hydrogen  set  free  at  the 
ygytive  deetrode.  (nie  ratio  b  such,  that  39.3  parte  of  zinc  are  dissdved 
teing  the  evdutkMi  of  1  part  of  hydrogen  gas ;  and  the  condusion  which 
Mr.  raraday  has  drawn  from  thb  and  numerous  similar  experimento  is,  that 
the  quantity  of  electridty  set  in  motion  by  the  oxidation  of  33.3  grains  of 
anc  exactly  suffices  for  resdring  9  grains  of  water  into  ite  elemente.  If  the 
iiVW  corroit,  by  means  of  4  paira  ofdectrodes,  be  made  to  decompose  water, 
chloride  of  silver,  diloride  of  lead,  and  chloride  of  tin,  all  in  the  liquid  stote, 
the  qaantitiea  of  hydrogen,  ailver,  lead,  and  tin  eliminated  at  the  4  negative 
efedrodes  will  be  m  the  ratio  of  1, 108, 103.6,  and  57.9 ;  while,  a  tone  pod- 
tive  electrode,  oxygen,  and  at  the  three  others  chlorine,  in  the  ratio  of  8  to 
35^  are  separated.  Simibr  facte  were  ascertained  of  many  other  compounds. 
It  thus  distinctly  appears— and  it  b  a  new  and  important  discovery— 4hat  deo- 
tre<cbemioBl  deoompoaition  b  periectly  definite,  a  given  quantity  of  electridty 
evdvinffthe  ingredienteof  compound  bodies  in  wdl  defined  and  invariable 
praportiona,  to  whidi  Faraday  has  given  the  name  of  eleetro-ehemieal  equivm- 
iMte.  The  reader  will  at  once  see  that  these  numbers  are  identical  with  the 
chemical  eqoivalente  (aee  teUe  part  ii,  aect  II).  Another  connexion,  then, 
doiflr than  any  befbn  traoed,b  esteblbhed  between  deetridty  and  chemical 
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attnction,  showing  a  mutual  dependenoe  and  similaritj^  of  effect  between  two 
agencies,  such  as  almost  forces  a  belief  in  their  identity. 

The  definite  nature  of  electro-chemical  action  suggests  a  ready  mode  of 
estimating  the  quantity  of  electricity  circulating  in  a  voltaic  apparatus.  It 
is  only  necessary  to  collect  the  g[as  evolved  from  acidulated  water,  in  order 
to  obtain  a  measure  of  the  quantity  of  electricity  which  has  passed  during  a 

Siven  interval :  a  tube  divided  into  equal  measures  will  thus  serve  to  ezpreas 
egrees  of  electricity,  just  as  the  expansion  of  a  liquid  in  a  thermometer  in- 
dicates degrees  of  temperature.  The  instrument,  as  constructed  for  this  ob^ 
ject,  is  called  by  Faraday  a  voUa^ecttvmeter.  Various  forms  of  it  have  been 
described  by  him,  according  as  it  wished  to  collect  oxygen  or  hydro^  se- 
parately, or  both  together.  One  of  the  most  convenient. forms,  which  col- 
lects the  gases  together,  is  ex-  PiS-  ^• 
faibited  by  figure  15.  It  consists 
of  a  glass  tube  closed  at  bottom, 
where  it  fits  into  a  support  of 
wood  A ;  the  wires  p  n  serve  to 
connect  it  with  a  dosed  circle ; 
and  a  h  are  large  platinum  elec- 
trodes, placed  close  together, 
but  prevented  from  contact  by 
interposed  beads  of  glass.  The 
tube  when  prepared  for  use,  is 
filled  up  to  the  bend  with  dilute 
flttlphurie  acid  of  sp.  gr.  1.336 ; 
and  the  gas  evolved,  escaping 
from  the  open  extremity  e,  is 
collected  in  a  tube  and  measured. 

Tkeoiy  of  Blectro^kemieal  Deeomporition, — ^The  most  celebrated  attempt 
to  explam  the  phenomena  of  galvanism  was  made  by  Davy  in  his  essay  on 
Same  Oiemicdl  Agencie9  of  Blecirieity  (PhiL  Trans.  1807),  bv  means  of  an 
hypothesis  which  nas  received  the  appellation  of  the  eUctro-ehmnieal  tikeory. 
The  views  of  Davy,  which  in  some  form  or  other  have  been  adopted  by  most 
persons  who  have  speculated  on  this  subject,  are  founded  on  the  assumption, 
now  rendered  so  much  more  plausible  tnan  in  his  day,  that  electrical  and 
chemical  attractions  are  owing  to  one  and  the  same  agent  He  considered 
chemical  substances  to  be  encbwed  with  natural  electric  energiei  ;  meaning 
thereby,  that  a  certain  electric  condition,  either  positive  or  negative,  is  natu- 
ral to  the  atoms  or  combining  molecules  of  bodies;  that  chemical  union  is 
the  result  of  electrical  attraction  taking  place  between  oppositely  excited  atoms, 
just  as  masses  of  matter  when  oppositely  excited  are  mutually  attracted ;  and 
that  ordinary  chemical  decomposition  arises  from  two  combined  atoms  being 
drawn  asunder  by  the  electric  energies  of  other  atoms  more  potent  than  those 
by  which  they  were  united.  Electro-chemical  decomposition  was  at  once 
explained  by  Davy  on  the  same  principles.  He  regarded  the  metallic  ter- 
minations or  pole9  of  a  voltaic  circle  (page  102)  as  two  centres  of  electrical 
power,  each  acting  repulsively  to  particles  in  the  same  electric  state  as  itself, 
and  by  attraction  on  those  which  were  oppositely  excited.  The  necessary 
result  was,  that  if  the  electric  energy  of  the  battery  exceeded  that  bv  which 
the  elements  of  any  compound  subject  to  its  action  were  held  together,  de- 
composition followed,  and  each  element  was  transferred  bodily  to  the  pole 
by  which  it  was  attracted,  passing  ihrough  solutions  not  containing  the  orU  * 
ginal  compound,  and  refusing  to  unite  with  substances  with  which  under 
other  circumstances  it  would  have  combined.  Substances  which  appeared  at 
the  positive  pole,  such  as  oxygen,  chlorine,  and  acids,  were  termed  eleeTro- 
neg^ae  substances ;  and  those  eUctro-poiUme  bodies,  which  were  separated 
at  the  negative  pole. 

The  views  of  Davy,  both  in  his  original  essay  and  his  subsequent  expla^ 
nations  (PhiL  Trans.  1826),  were  so  generally  and  obscurely  expressed,  that 
fihflmiiti  have  never  fiilly  agreed,  as  to  some  points  of  the  doctrine,  about 
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his  ml  meuiioe-  If  be  meuit  that  a  particle  of  fiee  oxygen  or  free  chlorine 
is  In  a  n^rmtivery  excited  state ;  then  his  opinion  is  contrary  to  the  fact,  that 
neither  oT  those  gases  afiect  an  electrometer  with  negative  or  any  kind  of 
electricity,  any  more  than  hydroffcn  gas  or  potassium  alone  exhibit  any  en- 
denee  of  positive  excitement  It  sulphur  unites  with  oxygen  because  it  has 
a  positive  electric  energy,  why  should  it  unite  with  potassium,  which  con. 
feesedly  is  far  more  positive  than  itself  7  The  only  mode  in  which  such 
&cls  as  these  seem  reconcilable  with  the  electro-chemical  theory,  is  to  sup> 
poae  all  bodies  in  their  oncombined  state  to  be  electrically  indiflferent,  hot 
that  they  have  a  natural  appetency  to  assume  one.  state  in  preference  to  an- 
other. Electro-negative  bodies  are  such  as  assume  negative  excitement  under 
a  certain  approximation  to  others  which  at  the  same  time  become  positively 
excited,  chemical  union  being  the  consequence.  On  this  supposition,  it  u 
intelligible  that  sulphur  may  be  positive  in  relation  to  oxygen,  and  negative 
to  potassium,  just  as  black  silk  is  positively  electrified  by  friction  with  seal- 
iogr.wax,  and  negatively  by  white  silk.  It  is  obvious,  from  the  foUowinff  ta^ 
Ue  ooostrueled  by  fierxelios,  that  this  chemist  takes  the  same  view  of  the 
elecfrie  energies  of  bodies  as  that  juA  ^ven.  He  has  ffiven  it  as  approxi- 
mative only,  and  not  as  rigidly  representing  the  exact  electrical  relations  of 
the  elements.  Nitrogen  and  hydrc^gen  scarcely  occupy  their  true  position  in 
the  aeries,  the  former  being  electro-neffative  in  a  lower  degree  than  chlorine 
and  fluorine,  while  hydrogen,  I  think,  should  be  in  a  prominent  station 
among  the  dectro^positive  elements.  All  the  bodies  enumerated  in  the  first 
column  are  negative  to  those  of  the  second.  In  the  first  column  each  sub- 
sCsnoe  is  negative  to  those  below  it ;  and  in  the  second,  each  element  is  po- 
sitive with  refisienoe  to  those  which  occupy  a  lower  place  in  the  series. 

1.  2. 


Negatioe  EUctrie$. 

Pontive  EUeiriet, 

^^. 

Potassium. 
Sodium. 

Nitrogen. 

Lithium. 

Cblorme.    ' 

Barium. 

Iodine. 

Strontium. 

Fluorine. 

Calcium. 

Phosphorus. 

Magnesium. 

Sslenium. 

Glucinium. 

Arsenic. 

Yttrium. 

Cbromium. 

Aluminium. 

Molybdenum. 

Zirconium. 

Tungsten. 

Manganese. 

Boron. 

Zinc 

Carbon. 

Cadmium. 

Antimony. 

Iron. 

TeOurium. 

Nickel 

Columbium. 

Cobalt 

TiUninm. 

Cerium. 

StUcinm. 

Lead. 

Osmium. 

Tin. 

Hydrogen. 

Bismuth. 

Uranium. 

Copper. 

Silver. 

Mercury* 

PaUadium. 

Pbtinum. 

Rhodium. 

Iridium. 

Gold.* 

*  The  ilatBnieDts  made  in  the  text  are,  perhaps,  not  expressed  with  suf* 
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It  requires  but  little  reflection  on  the  ftcts  deaeribed  in  tbis  eeetioBf  to 
peroeive  that  they  are  inoonrittent  with  the  electro-chemical  theory  as  im- 
dentood  by  Davy.  It  gives  not  the  shadow  of  a  reason  for  a  voltaic  battery 
which  can  decompose  the  protochloride  or  protiodide  of  a  metal,  being 
powerless  with  the  perchloride  and  periodide  of  the  same  metaL  The  fact 
Itself  was  not  contemplated  by  Davy,  and  his  theory  was  designed  to  show 
why  all  such  compounds  should  be  decomposed.  Moreover,  there  is  no 
proof  that  the  poles  of  a  battery  do  exert  attractive  or  repulsive  forces. 
There  is  no  need  of  a  metallic  conductor  in  contact  with  the  decomposing 
body  (page  104) ;  nor  do  the  elements  reach  the  poles  at  all,  unless  they 
happen  to  be  in  contact  with  the  substance  under  decomposition  (page  104). 
When  hydrogen  reaches  the  negative  electrode,  it  is  ^eeeLy  disengaged  as 
gas,  the  electrode  evincing  no  tendency  whatever  to  retain  it :  the  combtuu 
tion  of  the  elements  of  a  decomposed  body  with  the  matter  of  the  electrodes, 
does  not  prove  attraction,  but  may,  and  I  presume  does,  arise  from  the  sub- 
stances being  presented  in  a  stale  fitvoorable  for  chemical  mion  (page  103). 
But  while  levy's  theory  ftils,  there  is  no  other  which  can  render  a  reason 
for  all  the  phenomena.  Faraday  has  done  much  by  showing  the  fallacy  of 
the  former  theory,  and  by  stating  the  facts  of  the  case  as  they  are.  He  con- 
tends that,  between  the  electrodes  and  acttnr  in  right  lines,  there  is  an  axis 
of  power  which  ur^  the  electro-negative  efement  of  an  electrolyte  in  the 
direction  the  positive  current  moves,  and  gives  an  opposite  impulse  to  the 
electro-positive  element  He  adopts  the  opinion  of  Grotthuss,  that  the  de- 
composing influence  is  not  exerted  on  any  single  particle  of  the  electrolyte, 
but  that  rows  of  particles  lying  between  the  electrodes  are  equally  subject 
to  its  action.  When  a  particle  of  oxygen  is  evdved  at  the  po«tive  dectrode, 
the  hydrogen  with  which  it  had  been  combined  is  not  transferred  at  once  to 
the  opposite  electrode,  but  unites  with  the  oxygen  of  a  contiguous  particle  of 
water,  on  the  side  towards  which  the  positive  current  is  moving ;  the  second 
particle  of  hydrogen  decomposes  a  portion  of  water  still  nearer  to  the  nega- 
tive electrode ;  and  the  same  process  of  decomposition  and  reproduction  of 
water  continues  until  it  reaches  the  water  in  immediate  contact  with  the  ne- 
gative electrode,  the  hydrogen  of  which  is  disengaged.  This  operation,  de- 
scribed as  commencing  st  one  electrode,  takes  place  simultaneously  at  both : 
a  row  of  particles  of  oxygon  suddenly  lose  their  affinity  for  the  hydrogen 
situated  on  the  side  next  the  negative  electrode,  in  favour  of  those  respec- 
tively adjacent  to  each  on  the  other  side ;  while  the  affinity  of  a  similar  row 
of  particles  of  hydrogen  is  diminished  for  theoxvgen  on  the  side  of  the  posi- 
tive electrode,  and  is  increased  for  those  on  theu:  opposite  side.    Hence,  as 

ficient  deamess  for  the  comprehension  of  the  student.  The  doctrine  laid 
down  by  Dr.  Turner  is,  that  substances,  considered  singly,  are  neither  posi- 
tive nor  negative ;  or  in  other  words,  that  the^  are  in  a  neuter  state  like  the 
earth.  Nevertheless,  they  are  capable  of  exciting  each  other  by  being  first 
brought  in  contact,  and  then  separated.  If  two  substances  touch  each  other, 
and  are  then  separated,  one  will  become  positive  and  the  other  negative ;  but 
the  result  is  not  conclusive  as  to  the  electric  energy  of  eitiier,  because  the 
electric  state  of  each  may  possibly  be  reversed  by  contact  with  some  other 
substance.  These  positions  are  ngidl^  exact  with  respect  to  all  the  simple 
substances,  except  oxygen  and  potassium ;  for,  as  the  former  yields  electri- 
city to  all  other  substances,  it  must  always  be  negative,  and  t^  the  latter 
takes  electricity  from  all  other  substances,  it  must  be  invariably  positive. 
Thus  it  is  plain  that  the  electric  energy  of  none  of  the  simple  bodies  is  abso- 
lute, except  that  of  oxjrgen  and  potassium ;  while  the  electric  energy  of  the 
remaining  simple  bodies  is  relative,  and  is  either  positive  or  negative,  ac- 
cording to  circumstancos.  It  is  for  these  reasons  that  I  have  thought  that 
the  arrangement  of  bodies  into  negative  and  positive  electrics,  as  Dr.  Turner 
has  done,  afler  Berzelios,  is  objectionaUe,  as  leading  the  student  into  the 
error  of  supposing  that  each  group  was  in  its  own  nature  either  negative  or 
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if  the  ftetv  fivr  the  dUnioatiaii  of  the  elemeDts  of  in  electrolyte  at  the  elec- . 
trode,  it  ie  eaaential  that  the  electrolyte  itaelf  nhould  occupy  the  space  be* 
tween  the  ekctrodea*  and  be  in  contact  with  them.  The  theory,  however,  is 
ai  present  incompIeCe :  it  aflnrds  no  reason  (or  the  distorbed  order  of  affimi^ 
ties  in  the  elemente  of  an  electrolyte ;  nor  is  it  apparent  how  the  chemical 
changes  between  the  electrodes  are  so  essential  as  they  seem  to  be  (page 
104)  to  the  passage  of  the  currents. 

MbgntHe  I^ecU  rf  OalvammH, — ^The  power  of  lightning  in  destroying 
and  reversing  the  poles  of  a  magnet,  and  in  commnnicating  magnetic  pro- 
psrties  to  pieces  of  iron  which  did  not  previously  possess  them,  was  noticed 
at  an  early  period  of  the  science  of  electricity,  and  led  to  the  supposition  that 
finilar  effects  may  be  produced  by  the  common  dectrical  and  voltaic  appa* 
ratns.  Attempts  were  accordingly  made  to  communicate  the  magnetic  vir- 
tue by  means  of  electricity  and  galvanism ;  but  no  results  of  importance 
were  obtained  till  the  winter  of  1S19,  when  Professor  Oersted  of  Ck>penha. 
gen  made  his  Sunoaa  discovery,  which  forms  the  basis  of  a  new  branch  of 
sdenceu  (Annals  of  Philosophy,  zvi.  273.) 

The  &€t  observed  by  Prolinsor  Oersted  was,  that  the  metallic  wire  of  a 
dosed  vobaie  circle,  and  the  same  is  true  of  charcoal,  saline  fluids,  and  any 
coBdncting  medium  which  forms  part  of  a  closed  circle,  causes  a  magnetic 
nsedle  placed  near  it  to  deviate  from  its  natural  position,  and  assume  a  new 
one,  the  direction  of  which  depends  upon  the  relative  position  of  the  needle 
and  the  vrire.  On  placing  the  wire  above  the  magnet  and  parallel  to  it,  the 
pole  next  ^  negative  end  of  the  battery  always  moves  westward ;  and  when 
the  wire  is  placed  under  the  needle,  the  sanie  pole  goes  towards  the  east  If 
the  wire  is  on  the  same  horiiontal  plane  with  the  needle,  no  declination 
whatever  takes  place ;  but  the  magnet  shows  a  disposition  to  move  in  a  Ter- 
tieal  direction,  the  ptje  next  the  negative  side  of  the  battery  being  depressed 
when  the  wire  is  to  the  west  of  it,  and  elevated  when  it  is  placed  on  the 
east  side.  Ampere  has  suggested  a  useful  aid  for  recollecting  the  direction 
of  these  movements.  Let  the  observer  regard  himself  as  the  conductor,  and 
suppose  a  positive  dectric  current  to  pass  from  his  head  towards  his  feet,  in 
«,  direction  parallel  to  a  magnet ;  then  ita  north  pole  in  front  of  him  will 
move  to  his  right  side,  and  its  south  pole  to  his  lefl.  The  plane  in  which 
the  ma^^net  moves  is  always  parallel  to  the  phine  in  which  the  observer  sup- 
poses  hmiself  to  be  placed.  If  the  plane  of  his  chest  is  horizontal,  the  plane 
of  the  magnet's  notion  will  be  horiiontal;  but  if  he  lie  on  either  side  of  the 
boriaontauy  suspended  msgnet,  his  face  being  towards  it,  the  plane  of  his 
chest  will  be  vertical,  and  the  magnet  will  tend  to  move  in  a  vertical  plane. 

Tte  extent  of  the  declination  occasioned  by  a  voltaic  cirde  depends  upon 
its  power,  and  the  distance  of  the  connecting  wire  from  the  needle.  If  the 
apparatus  be  powerful,  and  the  distance  small,  the  declination  will  amount 
to  an  angle  of  45^.  But  this  deviation  does  not  give  an  exact  idea  of  the 
real  eflect  which  may  be  produced  by  galvanism ;  far  the  motion  of  the 
magnetic  needle  is  counteracted  by  the  magnetism  of  the  earth.  When 
the  infloenee  of  this  power  is  destroyed  by  means  of  another  magnet,  the 
needle  wiB  place  itself  directly  across  the  connecting  wire ;  so  that  the  real 
tendency  of  a  magnet  is  to  stiuid  at  right  angles  to  an  electric  current. 

The  oommnnicatinff  wire  is  also  capable  of  attracting  and  repelling  the 
polas  of  a  magnet  Thb  is  easily  demonstrated  by  permitting  a  horizontally 
sMpoided  magnet  to  assume  the  direction  of  north  and  souSi,  and  placing 
near  itthe  eondocting  wire  of  a  dosed  drole,  held  vertically  and  at  right  an- 
gles to  the  needle,  tte  positive  current  being  supposed  to  flow  from  below 
upwards.  When  the  wire  is  exactly  intermediate  between  the  magnetic 
pdes,  no  effect  b  observed ;  on  moving  the  wire  nearly  midway  towards  tbe 
north  pole,  that  is,  to  the  pole  which  points  to  the  north,  the  needle  will  be 
atXraeled ;  and  repulsion  will  ensue  when  the  wire  is  moved  dose  to  the  north 
pole  ttsel£  Similar  effects  occur  on  advancing  the  wire  towards  the  south 
pole.  Such  are  the  phenomena  if  tbe  positive  current  ascend  on  tbe  west 
■de  of  the  neecBe;  but  they  are  reversed  when  the  wire  is  placed  verticaUy 
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on  the  east  ude.    AttreetioDB  and  repokionfl  likewite  take  place  in  a  dip* 
piog  needle,  when  the  carrent  flows  horiaootally  across  it 

The  discovery  of  Oersted  was  no  sooner  announced,  than  the  experiments 
were  repeated  and  varied  by  philosophers  in  all  parts  of  Europe,  and,  as  was 
to  be  expected,  new  facU  were  speedily  broDfrht  to  lijrht.  Among  the  most 
successful  of  those  who  early  dtstinfuished  themselves  were  Amp6re,  Biot, 
and  Arago,  of  Paris,  and  Davy  and  j^rada;^  in  this  country.  A  host  of  other 
able  men  have  since  added  their  contributions ;  and  their  joint  labours  have 
established  an  altogether  new  science,  EUctrcDunamic;  which  has  already 
become  one  of  the  most  important  branches  of  physical  knowledge,  and  still 
offers  a  rich  harvest  of  discovery  to  its  cultivators.  Those  who  wish  to  enter 
deeply  into  the  study  of  this  subject  should  consult  the  Recueil  d^Obsena^ 
tioiu  EUciro-Dynamiquet  by  Ampdre,  Professor  Cumming's  Manual  of  Elec- 
tro-Dynamic8,  Mr.  Murphy^s  Treatise  on  Electricity,  and  the  second  edition 
of  Mr.  BarlowV  Essay  on  Magnetic  Attractions.  A  less  mathematical,  and, 
therefore,  more  generally  intelligible  treatise  has  been  drawn  up  with  great 
ability  by  Dr.  Ruget,  and  published  as  part  of  the  Library  of  Useful  Know- 
ledge ;  and  a  Popular  Sketch  of  Electro-Magnetism  has  been  given  by  Mr. 
Watkins  of  Charing-cross.  To  these  works  I  refer  as  supplying  that  detail 
of  the  facts  and  theories  of  electro-dynamics,  which,  as  belonging  more  to 
the  province  of  physics  than  chemistry,  is  unsuitcd  to  the  design  of  this  vol- 
ume. My  object  is  merely  to  give  an  outline  of  the  discoveries  in  electro- 
dynnmics,  and  to  convey  an  idea  of  the  nature  and  present  state  of  the  Science. 

The  phenomena  of  electro-dynamics  are  solely  produced  by  electricity  in 
motion.  Accumulated  electricity  giving  rise  to  tension,  which  acts  so  es- 
sential  a  part  in  experiments  with  the  electrical  machine,  has  no  influence 
whatever  on  a  magnetic  needle.  The  passage  of  electricity  through  solid  or 
liquid  conductors  is  essential ;  and  it  is  remarkable  that  the  more  freely  the 
current  is  transmitted,  that  is,  the  more  perfect  the  conducting  substance, 
the  more  energetic  is  its  deflecting  power.  In  fact,  a  magnetic  needle  is  a 
OalvanoBo^t  by  which  means  the  existence  and  direction  of  an  electric  cur- 
rent may  be  detected.  It  wan  early  employed  with  this  intention  by  Ampere, 
who  found  that  a  voltaic  opparatus  itself  acts  on  a  magnetic  needle  placed 
upon  or  near  it  in  the  same  manner  as  the  wire  which  unites  its  two  extre- 
mities ;  but  as  the  deflection  took  place  only  when  the  opposite  ends  of  the 
battery  were  in  communication,  and  ceased  entirely  when  the  circuit  was 
broken,  he  inferred  that  electricity  passes  uninterruptedly  through  the  battery 
itself  when  the  circuit  is  closed,  and  not  at  all  in  the  interrupted  circuit. 

But  a  magnetic  needle  will  not  only  indicate  the  existence  and  direction 
of  an  electric  current :  it  may  even  serve,  by  the  degree  of  deflection,  as  an 
exact  measure  of  its  force.  When  used  for  this  purpose,  under  the  name  of 
GalfMnometer^  some  peculiar  arrangements  are  required  in  order  to  ensure 
the  requisite  delicacy  and  precision.  Experiment  proves  that  a  magnet  is 
equally  affected  by  every  point  of  a  conductor  along  which  an  electric  cur- 
rent  is  passing,  so  that  a  wire  transmitting  the  same  current  will  aet  with 
more  or  less  energy,  according  as  the  number  of  its  parts  contiguous  to  the 
needle  is  made  to  vary.  On  &is  principle  is  constructed  the  Galvanometer 
or  Jlftt(ftp2t«r  of  Schwei^ger.  A  copper  wire  is  bent  into  a  rectangular  form 
consisting  of  several  coils,  and  in  the  centre  of  the  rectangle  is  placed  a  dc- 
licately  suspended  needle,  as  shown  in  figure  16.  Each  coil  adds  its  in. 
fluence  to  that  of  the  others ;  and  as  the  current,  in  its  progress  along  the 
wire,  passes  repeatedly  above  and  below  the  needle  in  opposite  directions, 
their  joint  action  is  the  same.  In  order  to  prevent  tlw  electricity  from  ] 
ing  laterally  from  one  coil  to  another  in  con.  pig.  i%. 

Uct  with  it,  the  wire  should  be  covered  with 
silk.  The  ends  of  the  wire,  a  and  6,  are  left 
free  for  the  purpose  of  communication  with 
the  opposite  ends  of  the  voltaic  circle.  When 
a  single  needle  is  employed,  as  shown  in  the ' 
figure,  its  movements  are  influenced  partly  by  the  earth's  magnetism,  and 
partly  by  the  electric  current    The  indications  are  much  more  delicate  when 
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tbe  needle  ia  rendered  «<to<ic,  that  is,  when  its  directive  property  is  destroyed 
by  the  proximity  of  another  needle  of  equal  magnetic  intensity,  6zed  paraU 
lu  to  it,  and  in  a  reversed  position,  each  needle  having  its  north  pole  adjacent 
to  the  south  pole  of  tbe  other:  in  this  state  tbe  needles,  neutraliztncr  each 
other,  are  nnaflected  by  the  magnetism  of  the  earth,  while  they  are  still  sub- 
ieet  to  the  influence  of  galvanism.  I f^  as  in  the  last  iigure,  the  lower  needle 
lie  within  the  rectangle,  and  the  upper  needle  just  above  it,  the  electric  cur- 
rent  flowing  between  will  act  on  both  in  the  same  manner.  For  researches 
of  delicacy  the  needle  should  be  suspended  by  a  slender  long  thread  of  glass, 
and  the  deflecting  force  measured,  not  by  the  length  of  the  arc  traversed  by 
the  needle,  hot  by  the  torsion  required  to  keep  the  needle  at  a  constant  dis- 
tance from  tbe  wire,  as  in  tbe  torsion  electrometer  of  Cooloumb  (page  81.) 
A  very  valuable  instrument  on  this  principle  has  been  described  by  my  col- 
leagne  Dr.  Ritchie  (Royal  Inst  Journal,  N.  S.  i.  31.) 

The  mutual  influence  of  a  magnetic  pole  and  a  conducting  wire  changes 
with  the  distance  between  them.  Experiment  shows  that  the  action  of  a 
magnetic  pole  and  a  continuous  conductor,  every  point  of  which  exerts  a  se- 
parate energy  on  the  pole,  varies  inversely  as  the  distonce.  This  result  jus- 
tifies  the  opinion  that  the  force  of  a  magnetic  pole  on  a  tingle  point  of  a 
eooddctor  varies  as  the  square  of  the  distance,  the  same  law  which  rej^ulates 
the  distribution  of  heat  and  light,  as  well  as  the  efi*ects  due  to  electricity. 

From  some  of  the  experiments  of  Oersted  above  mentioned,  it  was  at  flrst 
believed  that  a  force,  one  while  attractive  and  at  another  repulsive,  «cted  in 
flCraight  lines  between  the  magnet  and  conducting  wire ;  but  on  examination 
ail  t&  nbenomena  are  found  referable  to  a  force  acting  tangentially  upon  tbe 
poles  of  a  magnet,  and  in  a  plane  perpendicular  to  the  direction  of  the  current. 
Place,  for  instance,  a  blank  card  flat  on  the  table,  and  fix  a  wire  A  C  upright 
in  its  centre.  If^  then,  a  positive  electric  current  pass  up  or  down  the  wire,  a 
magnetic  pole  resting  on  the  card,  will  be  inclined  to  move  in  the  plane  of  the 
card,  and,  therefore,  at  right  angles,  to  the  current, and  to  describe  a  circle  round 
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C  as  its  centre.  If  a  north  polo  beat «  and  n',  and 
a  south  pole  at «  and  s',  and  a  positive  current 
descend  as  shown  by  the  arrow  in  figure  17,  let 
fiill  fh>m  each  pole  a  dotted  line  perpendicular  to 
the  wire  at  C,  and  each  dotted  line  will  be  the 
radios  of  the  circle  in  which  the  corresponding 
pole  win  rotate.  All  the  north  poles  will  move 
in  the  line  of  the  tangent  directed  to  the  right  of 
the  radios,  and  will  have  the  same  course  as  the 
hands  of  a  watch  when  it  is  placed  on  a  table 
with  the  dial  plate  upwards ;  and  the  south  poles 
will  rctote  in  the  opposite  direction.  Should  the 
electric  current  be  ascending,  the  rotation  of  each 
pole  will  be  reversed.  If  the  current  move  hori- 
aontally,  the  plane  of  rotation  will  be  vertical ; 
and  if  figure  17  be  moved  into  this  position,  the  positive  current  still  flowing 
from  A  to  C,  the  arrows  on  tlie  card  will  still  indicate  the  course  of  rotation. 
The  movementa  first  observed  by  Oersted  (page  109)  are  referable  to  this 
principle.    When  a  magnetic  needle. 
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movable  round  the  middle  of  ita  axis, 
IS  acted  on  by  a  parallel  eorrent,  ita 
poles  receive  an  equal  bat  oontrary 
impolae,  and  the  needle  consequently 
oomes  to  rest  acroas  the  direction  of 
tho  current  If  a  vertical  positive 
currsnt  be  placed,  as  shown  in  figure 
18.  at  tD,  on  the  right  side  of  a  hori- 
smtal  needle  N  S,  movable  round  0, 
the  pole  N  will  move  towards  it;  bat 
if  the  eurrent  oontinue  at  10  while  the 
magnet  occupies  the  porition  of  N'  S', 
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the  pole  N'  will  recede  from  the  cur- 
rent :  thus  there  b  the  appearance  of 
repulsion  in  one  case  and  of  attraction 
in  the  other. 

If  a  similar  current  were  withoat 
the  circle  in  which  a  horizontal  mag- 
net moves,  as  at  10  in  figure  19,  thai 
the  mafnet,  stationary  at  N  8,  would 
at  first  have  its  poles  impelled  in  op- 
posite directions;  hut  when  it  reaches 
the  position  N'  S',  the  force  at  each 
pole  acts  on  the  same  side  of  the  mag- 
net's axis.  The  poles  also,  heing  equi- 
distant  from  10,  and  having  the  same 
inclination,  wiU  be  influenced  by  e<^ual 
forces  acting  at  the  same  mechanical 
advantage.  They  will,  therefore,  by  the  laws 
of  equilibrium,  have  a  resultant  which  will 
pass  directly  through  the  centre  of  motion. 
This  resulUnt,  represented  as  applied  at  li, 
will  tend  to  draw  the  wire  to  and  the  middle 
of  the  magnet  C  directly  towards  each  other. 
A*  the  oonductinff  wire  w  were  on  the  right      ^/ 
instead  of  the  left  side  of  the  magnet,  as  "^"""^r 
in  figure  20 ;  then  the  resultant,  passing 
as  before  through  the  centre  of  motion,  but 
in  an  opposite  direction,  tends  to  draw  the 
magnet  and  wire  directly  from  each  other,  -mj 

andto  give  the  appearance  of  repulsion. 

The  same  principle  accounts  for  the  rotation  of  a 
magnetic  pole  round  a  current,  discovered  by  Fara- 
day. Into  the  centre  of  the  bottom  of  a  cup,  as  in  the 
vertical  section,  figure  21,  a  copper  wire  o  d  wbb  in- 
serted, a  cylindrical  magnet  n  s  was  attached  by  a 
thread  to  the  copper  wire  c,  and  the  cup  was  nearly 
filled  with  mercury,  so  that  the  pole  n  only  of  the 
magnet  projected.  A  conductor  a  h  was  then  fixed 
in  ue  mercury  perpendicularly  over  the  wire  c.  On 
connecting  the  conducting  wires  with  the  opposite 
ends  of  a  battery,  a  current  was  transmitted  from  one 
wire  through  the  mercury  to  the  other.  If  the  poai- 
tive  current  descend,  the  north  pole  of  the  magnet,  if 
uppermost,  will  rotate  round  the  wire  ^  h,  passing 
Scorn  east  through  the  south  to  west  like  the  move-  c^' 
ments  in  the  hands  of  a  watch ;  and  if  the  current 
ascend,  the  line  of  rotation  will  be  reversed.  Under 
similar  circumstanoos  the  south  pole  would  in  each 
case  rotate  in  the  opposite  direction. 

If  a  magnetic  pole  rotate  round  a  conductor,  a  oon- 
ductor  will  be  equally  disposed  to  rotate  round  a  ma^- 
netic  pole,  just  as  a  magnet  moves  towards  iron  or 
iron  towards  a  magnet,  according  as  one  or  other 
is  free  to  move.  Accordingly,  on  fixing  a  magnet 
vertically  in  the  middle  of  a  cup  of  mercury,  fig.  22, 
and  transmitting  a  current  by  the  moveable  conductor 
a  b  through  the  mercury,  and  along  a  second  con- 
ductor li,  fixed  as  before  in  the  bottom  of  the  cup,  . 
Faraday  found  that  the  flee  extremity  h  of  the  wire 
moved  round  the  pole  of  the  magnet  in  a  direction 
aimilar  to  the  last 
,    It  is  obvioos  that  the  direction  of  rotatioA  imparted 
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h¥  a  filed  cumat  to  the  mcnreable  pole,  will  bo  identioal  with  that  which 
the  Hune  pole  tends  to  impart  to  tlie  Bame  onmnt     Thus  let  lo  in 
figure  93  leprceent  the  section  of  a  wire  along*  which  a  positive  electric 
current  is  desasading,  and  n  the  north  pole  of  a  magnet    If       Pig.  93.    - 
w  imp2l  a  towards  the  right  side,  n  will  give  an  impulse 

to  as  in  the  opposite  direction,  as  indicated  by  the  arrows.       ^  ^1 ^ 

Each  is  disposed  to  describe  a  circle  round  the  other  as  a  oen. 
Ire,  moving  In  the  same  direction  as  the  hands  of  a  watch 
with  its  dial  npwards ;  and  if  w  and  n  were  equally  free  to 
more,  they  would  act  as  a  couple  in  statics,  and  tend  to  ro- 

tete  round  the  middle  of  the  dotted  line  which  joins  them.         ^ ^ 

The  adrantagfe  of  the  rectangolar  fbrm  in  the  construction  ^ 

of  a  gaWanometer  (page  110)  will  now  be  intelligible.    A  magnetic  needle 
N  S,  pointing  nortli  and  south,  and  suspended  by  the  point  C  horiiontally 
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within  the  rectangle, 
figure  34,  will  be  in. 
flueoced  in  the  same 
manner  by  each  of 
its  sides.  If  the  pbsi- 
ttve  electric  current 
flow  fiom  A  horizon- 
tally above  the  nee- 
die  fiom  north  to 
south,  and  then  suc- 
cessively alonr  the 
other  three  sides  up 
to  B^  the  separate  mflaenoe  of  each  aide,  agreeably  to  the  principle  above 
illastrated,  will  impel  the  north  pole  eastward,  and  the  south  to  the  west 
The  little  cups  A  B  are  designed  to  contain  mercury,  and  afford  a  ready 
means  of  connecting  the  rectangle  with  the  opposite  sides  of  a  galvanic  com- 
bination. 

If  the  rectangle,  in  the  last  combination,  have  the  property  of  impelling 
the  north  pole  of  a  magnet  to  its  right  side,  the  north  pole,  when  placed  on 
that  aide,  will  give  an  opposite  impulse  to  the  rectangle.  This  may  be  shown 
hf  an  elegant  apparatus  of  IX)  la  Rive,  which  consists  of  a  circular  eopper 
win^  the  extremities  of  which  are  passed  through  a  cork,  and  soldered  to  a 
plalo  oiunc  and  copper.  On  placing  the  arrangement  in  a  vessel  of  acidu- 
lated water,  a  positive  electric  current  passes  irom  the  copper  plate  round 
the  circle  ^  the  sine,  as  shown  in  figure  Fig.  85. 

S5;  and  as  the  cork  renders  the  apparatus 
buoyant,  a  venr  slight  force  will  throw  it 
into  motion.  It  will  exhibit  various  phe- 
nomena  of  attraction  and  repulsion,  all 
explicable  on  the  principle  already  ez- 
plaioed,  according  to  the  relative  position 
of  the  magnetic  pole  which  is  presented. 
The  apparatus  will  be  more  powerful  if 
the  conducting  wire,  coTcred  with  silk,  to  prevent  lateral  communication,  be 
fi>rmed  into  several  circles  of  the  eanie  diameter^  on  the  principle  of  the 
multiplier. 


A  current  of  voltaic  electricity 
not  only  determines  the  positioii 
of  a  magnet,  but  renders  sled 
permanently  magnetic  This 
was  observed  nearly  at  the  same 
time  by  Arago  and  I>avy,  who 
fiwnd  that  when  needles  are 
plaeed  at  right  angles  to  the 
ooodneting     wire,     permanent 
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and  Davy  alto  gocceeded  in  prodoctn^  tbU  effect  even  with  a  shook  of 
eleotricity  from  a  Leyden  phiaL  Araffo,  at  the  suggestion  of  Ampere,  made 
a  Toltaic  conductor  into  the  form  of  a  helix,  into  the  axis  of  which  he 
placed  a  needle,  as  in  6gare  26.  As  in  this  arrangement  the  current  nearly 
in  every  part  of  its  course  is  at  right  angles  to  the  needle,  and  as  each  ooil 
adds  iu  effect  to  that  of  the  others,  the  united  action  of  the  helix  is  ex- 
tremely  powerful.    The  needle  was  thns  fully  magnetized  in  an  instant. 

Though  soil  iron  does  not  retain  magnetism,  its  magnetic  properties 
while  under  the  influence  of  an  electric  current  are  very  surprising.  A  piece 
of  soft  iron  about  a  foot  lonf  and  an  inch  in  diameter  is  bent  into  the  form 
of  a  horse-shoe,  a  copper  wire  is  twisted  round  the  bar  at  right  angles  to  its 
axis,  and  an  armature  of  soft  iron,  to  which  a  weight  may  be  attached,  is 
fitted  to  its  extremities,  as  in 
figure  27.  On  connecting  the 
ends  of  the  wire  with  a  simple 
voltaic  circle,  even  of  small 
size,  the  soft  iron  instantly  be- 
comes a  powerful  magnet,  and 
will  support  a  weight  of  50, 
60,  or  even  70  pounds.  In- 
creasing the  number  of  coils 
gives  a  great  increase  of  pow- 
er; but  as  the  length  of  wire 
required  for  that  purpose  di- 
minishes the  influence  of  the 
current  (page  97),  the  follow- 
ing arrangement  has  been  suc- 
cessfully adopted.  The  total 
length  of  copper  wire  intend- 
ed to  be  used  it  cut  into  seve- 
ral portions,  each  of  which, 
eovered  with  silk  or  cotton 
thread  to  prevent  lateral  com- 
mnnieation,  is  coiled  sepa- 
rately on  the  iron.  The  ends  of  all  the  wires  are  then  collected  into  two  separate 
parcels,  and  are  made  to  communicate  with  the  same  voltaic  battery,  taking 
oare  that  the  positive  current  shall  pass  along  each  wire  in  the  same  direc- 
tion.  Hie  cupvnt  is  thus  divided  into  a  number  of  branches,  and  has  only 
a  short  passage  from  one  end  of  the  battery  to  the  other,  though  it  gives 
energy  to  a  multitude  of  coils.  A  combination  of  thb  kind,  connected  with 
a  battery  of  five  feet  square,  supported  2063  pounds,  or  nearly  a  ton  weight. 

In  witnessing  the  influence  of  voltaic  conductors  over  the  directive  pro- 
perty of  magnets,  and  in  inducing  magnetism,  it  is  diffieult  to  divest  one's 
self  of  the  conviction  that  these  conductors,  while  transmitting  a  current, 
are  themselves  magnetic  This  belief  was  early  entertained  by  those  who 
repeated  the  experiments  of  Oersted,  and  experimental  evidence  of  its  truth 
was  speedily  adduced.  Arago  and  Davy  wond  that  a  copper  wire  connect- 
ing the  end  of  a  voltaic  combination  attracted  iron  filings,  but  that  they  in- 
stantly fell  off  as  soon  as  the  circuit  was  broken ;  and  a  conductor,  when 


its  movements  were  not  imped- 
ed by  fricUon  or  gravity,  was 
proveid  by  Ampere  to  be  obe- 
dient,  like  an  ordinary  magnet, 
to  the  magnetic  agency  of  the 
earth.  Though  these  properties 
may  be  exhibited  by  a  single 
wire,  the  action  is  more  conspi- 
cuous  when,  on  the  principle 
of  the  multiplier,  the  con- 
ductor is  twisted  into  a  spiral, 
BM  A  figure  28,  or  into  a  rect- 
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angiihr  lonn  m  represented  byB  in  the  same  fi|[ure.  Wbenthe  amnffement 
is  connected  with  a  floating  galvanic  combination  at  in  fignre  25,  or  u  very 
delicately  snspended,  the  ^ane  of  the  spiral  places  itself  east  and  west,  the 
positive  current  ascending  on  the  west  side  and  descending  on  the  east :  the 
pontiTe  corrent,  in  fact,  takes  the  same  course  as  the  hands  of  a  watch,  when 
It  is  held  on  edge  with  the  plane  of  the  dial  lying  east  and  west,  facing  the 
sooth.  l*hat  side  of  the  spiral  which  is  towards  the  north,  consistently  with 
an  experiment  already  mentioned  (page  113),  acts  as  the  north  pole;  and 
the  south  side  of  the  spiral  has  an  opposite  polarity.  Each  side  is  power- 
fblly  attractive  to  iron  filings.  Another  convenient  form  of  the  conductor 
is  the  helix,  figure  26.  Ei^h  coil  of  the  helix  is  a  separate  magnet,  and 
tends  to  place  itself  in  the  same  position  as  the  spiral  or  rectangle  ;  but  the 
multiplied  efiect  of  all  the  coils  causes  north  and  south  polarity  to  be  accn- 
mnlated  at  the  opposite  ends  of  the  helix,  and,  therefore,  to  be  separated,  not 
by  the  mere  thickness  of  the  wire,  but  by  the  whole  length  of  the  helix. 

Since,  therefore,  the  conductors  just  ciescribed  may  &  regarded  as  mar- 
Dels,  soch  marnetixed  conductors  ouffht  mutually  to  repel  or  attract  eadi 
other,  when  pcues  of  the  same  or  a  di£rent  nature  are  adjacent ;  and  as  the 
action  of  a  whole  spiral  or  rectangle  is  merely  the  accumulated  efiect  of 
its  individual  parts,  it  is  fair  to  presume  that  each  small  portion  of  a  coo- 
dactor  has  its  opposite  sides  in  a  state  of  opposite  polarity,  and  that  two 
saeh  oontigoous  portions  should  attract  or  repel  each  other  on  the  same 
princtpb  as  the  spirals  of  which  they  constitute  a  part  Nay,  even  difiSsrent 
parts  of  the  same  conductor  ought  to  be  mutually  attractive  or  repulsive. 
These  inferences  from  the  facts  already  detailed,  were  fully  demonstrated 
by  Ampere  soon  after  the  discovery  of  Oersted.  He  proved  that  two  vol- 
taic condnctors,  or  two  portions  of  the  same  conductor,  attract  each  other 
when  the  currents  have  the  same  direction,  and  are  mutually  repulsive 
when  they  are  traversed  by  opposite  currents ;  which  is  exactly  what  would 
be  anticipated  from  the  magnetic  in-  7ig.S9. 

flnence  of  condndon.    Thus,  in  the  in 

two  parallel  positive  currents,  AB  and  j\ — I JB 

CD,  figure  29,  which  flow  in  the  same  ^    '^ 

direction,  the  contiguous  sides  are  af-    q — [— 'jj 

fecfed  with  an  opposite  polarity,  one  ^    js 

being    sooth    and    the    other    north; 

whereas  in  the  two  contrary  currents,   ^, l^! *V 

EFandGH.the  adjacent  sides  have  the    "^  >=      Is 

same  polarity,  and  therefore  repel  each       |s      ^ 
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Fig.  30. 
Similarly  when  two  currents  cross  each  j^ 

otber^  as  AB  and  CD,  figure  30,  it  is  ob. 
Woos  that  at  two  of  the' four  comers,  AD 
and  CB,  similar  poles  are  contiguous;  while  7t  tv 

at  the  other  comers  difierent  poles  concur.  -^  J 

Hence  the  wires  tend  to  revolve  round  E,  ^|s 

and  place  themselves  parallel  to  the  cur-  nr- 

rents  so  that  both  may  flow  in  the  same 
direction. 
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If  a  moveable  conductor  CD  be  wholly  on  one  side  of  A B,  as  in  figure 
31,  repnlsion  will  ensue  on  one  side  and  attraction  on  the  other.  The 
direction  in  which  these  forces  act  is  indicated  by  the  dotted  arrows,  e  6 
and  eg;  and  they  give  a  resultant  e  r,  which  tends  to  draw  C  D  to  the 
r^ghtside. 
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Fig.  31. 
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Figure  32  shows  the  effect  of  reversing  the  current  in  C  D,  which  will 
consequently  be  drawn  by  s  force  at  right  angles  to  itself  to  the  left  side. 

If  in  the  last  case  the  conductor  ~     ~ 

C  D  'were  moveable  round  C  as  a 
centre,  then  the  resulUnt  e  r  would 
draw  D  towards  F,  figure  33;  but  if 
the  current  in  either  conductor  were 
reversed,  CD  would  tend  to  rotate 
towards  G. 

These  are  a  few  examples  of  the 
numerous  facts  ezperimentslly  proved 
by  Ampdre  concerning  the  action  of 
voltaic  conductors  on  each  other.  It  is  to  this  brandi  of  the  subject  the 
term  of  EleeirO'Dynamie$,  or  the  science  of  electricity  in  motion,  is  some- 
times restricted,  while  the  mutual  action  of  conductors  and  magnets  is 
called  EUetrO' Magnetism;  but  these  two  branches  are  so  entirely  parts  of 
the  same  science,  that  I  have  included  both  under  Amp6re*s  term  of  Electro- 
Dynamics.  Any  one  who  has  studied  the  few  preceding  pages  with  mode- 
rate care,  cannot  fail  to  trace  a  close  analogy  between  a  helix  traversed  1^ 
an  electric  current  and  a  magnet.  The  former  is  affected  by  other  voltaic 
conductors,  by  the  poles  of  a  magnet,  and  by  the  magnetism  of  the  earth, 
in  the  same  manner  as  the  latter.  It  was  this  similarity,  or  rather  identity, 
of  action  which  led  Ampere  to  his  theory  of  magnetism.  He  supposes  that 
the  polarity  of  every  magnet  is  solely  owing  to  the  circulation,  within  its 
substance  and  at  its  surface,  of  electric  currents,  which  continually  pass 
around  all  its  particles  in  planes  perpendicular  to  its  axis.  On  placing  m 
magnet  in  its  natural  position  of  north  and  south,  the  direction  of  its  cur* 
rents  is  exactly  the  same  as  in  the  conductors  of  figure  28,  descending  on 
the  east  side,  passing  under  the  magnet  from  east  to  west,  and  ascending  on 
the  side  next  the  west  In  like  manner  are  currents  supposed  to  circulate 
within  the  earth,  especially  near  its  surface,  passing  from  east  to  west  in 
planes  parallel  to  the  magnetic  equator.  These  terrestrial  currents  cause  all 
bodies,  which  are  freely  suspended,  and  are  possessed  of  electric  currents,  to 
place  themselves  in  such  a  position  that  the  current  on  their  under  side 
should  flow  in  parallelism,  and  in  the  same  direction,  with  that  in  the  earth 
immediately  beneath.  That  the  existence  of  such  currents  will  account  fbr 
the  directive  property  of  the  earth,  follows  from  the  mutual  action  of  oon^ 
ductors ;  and  Mr.  Barlow,  to  render  the  analogy  still  more  complete,  con-, 
structed  a  hollow  sphere  of  wood,  in  which  electric  currents  were  made  to 
circulate  in  the  same  direction  as  they  are  thought  to  do  in  the  earth ;  and 
bv  placing  an  astatic  needle  on  different  parts  of  its  surface,  he  found  that 
all  the  phenomena  of  terrestrial  magnetism  might  be  imitated.  Observation 
has  oven  supplied  a  cause  for  the  existence  of  currents  in  the  earth,  moviffg 
In  the  direction  which  theory  requires.  The  diurnal  rotation  of  our  planet 
on  its  axis  exposes  its  surfkce  to  be  heated  in  a  direction  passing  fVom  east 
to  west :  and  the  discoveries  which  have  been  made  in  thermo-electricity 
(page  75)  sufficiently  prove  the  probability  of  electric  currents  bein^  esta- 
blished in  the  conducting  matter  of  the  earth  by  the  suceeesive  heaSog  af 
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ill  puts.  In  ihort,  the  theory  of  Ampere  ooniiecti  the  Ikett  of  electro- 
djBunicB  with  the  pheaomeii&  of  terrestrial  niaipAetism,  and  aff<»ds  a 
•plendid  inetanoe  of  the  application  of  mathematical  analysis  to  phyncal 


Vtika'tUciric  MadudUnL — ^Tho  de?elopment  of  electricity  by  the  vidntty 
of  an  excited  body,  already  described  under  the  name  of  ioidaced  electricity 
(pBfe  78),  led  Mr.  Faraday  to  inquire  whether  electricity  in  motion,  as  well 
■s  that  of  tendon  and  at  rest,  may  not  be  excited  by  induction.  Thoa|^h 
baffled  in  his  early  attempts,  he  at  last  succeeded  m  laying  open  a  new 
branch  of  electro-dynamics,  which  vies  in  interest  and  importance  with  the 
fimdimental  discovery  of  Oersted  (Phil.  Trans.  1831).  A  copper  wire  SOS 
feel  long  was  passed  m  form  of  a  helix  round  a  large  block  of  wood,  and  an 
equal  length  of  a  similar  wire  was  wound  on  the  same  block  and  in  the 
same  direction,  so  that  the  coils  of  each  helix  should  be  interposed,  but 
without  eonlact,  between  the  coils  of  the  other.  The  ends  of  one  of  the 
helices  were  connected  with  a  galvanometer,  and  the  other  with  a  strong 
galvanic  battery,  with  the  view  of  ascertaining  whether  the  passage  of  an 
elecCric  corrent  through  one  helix  would  induce  a  current  in  the  adjoining 
helix.  It  was  Ibund  mat  the  galvanometer  needle  indicated  a  current  at  the 
moment  both  of  completing  and  iN'eaklng  the  circuit,  but  that  in  the  interval 
no  deflection  took  jdace ;  and  similarly  the  induced  currents  readily  mag- 
netiaed  a  sewing  needle,  while  the  electric  current  along  the  inducing  hehx 
was  in  the  act  of  beginning  or  ceasing  to  flow,  but  at  no  other  period.  By 
varying  the  experiment  the  same  result  was  obtained;  an  electric  corrent 
transmitted  fix>m  a  voltaic  battery  through  a  conducting  helix  does  not  in- 
dace  a  current  in  an  adjoining  helix,  except  at  the  moment  of  making  or 
breaking  the  ydtaic  circuit  In  the  former  case  the  direction  of  the  in- 
duced current  is  opposite  to  that  of  the  inducing  current,  and  in  the  latter 
case  it  is  the  same.  This  phenomenon  is  distinguished  by  Faraday  under 
the  name  of  VoUa-iUetrie  induction. 

The  induffing  power  of  a  magnet  greatly  exceeds  that  of  an  electric  cur- 
rent.  A  ring  of  soft  iron  was  covered  to  nearly  half  ita  extent  by  several 
helices,  the  ends  of  which  were  brought  togeth^  so  as  to  ooMlitute  a  com. 
pound  hehx  terminating  in  the  conductors  a  ft, 
figure  34;  and  on  the  other  half  of  the  ring 
were  arranged  similar  helices  which  commu- 
nioated  by  £  J  with  a  galvanometer.  The  two 
Mts  of  heiioes  were  thus  separated  from  each 
oUmf  by  portions  €^  the  ring  M  M',  and  were 
protected  br  doth  from  direct  contact  with  the  ' 
ting  itselC  At  the  moment  the  wires  a  b 
touched  the  ends  of  a  voltaic  combination,  the 
galvanonieter  was  strongly  afiected :  the  needle 
thea  letumed  to  its  former  position  and 'remained  there  until  the  voltaic 
circoit  was  broken,  when  the  needle  was  again  deflected  as  strongly  as  be- 
fere,  but  in  the  opposito  direction.  The  action  was  still  greater  when  both 
eooipound  heiioes  were  on  the  same  part  of  the  ring,  the  induction  being 
increased  spparently  by  the  closer  contiguity  of  the  helices.  Another  of 
Faraday's  arrangements,  which  was  in  several  respects  more  convenient 
than  the  ring,  consisted  of  a  hollow  cylinder  of  pasteboard,  round  which  two 
compound  heiioes  were  adjusted.  On  connecting  one  helix  with  a  voltaic 
combination,  the  other  deflected  the  galvanometer  and  magnetixed  a  needle, 
as  in  the  experiments  of  volta-electric  induction  at  first  described;  but  when 
a  eyfinder  of  soft  iron  was  introduced  Into  the  pasteboard  case,  and  a  yoHaic 
current  transmitted  as  before,  the  eflbct  on  the  galvanometer  was  much 
giuater.  The  action  hi  this  last  experiment  and  with  the  iron  ring  ia  dk- 
tiagnlshed  by  the  name  of  Jlfeg<nefo.iiMlrJe  induction. 

The  phenomena  arising  iVom  magneto^leotric  and  volta-electric  induotoon 
are  manifostly  owing  to  tfie  same  condition  of  the  hiduced  wire:  the  action 
on Ow noodle, thooghdlflbient  in  force,  is  identical  in  kUid.    Itisequatty 
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olear  that  the  agent  bnnight  into  operation  in  the  induced  wire  ii  an  elee- 
tric  current,  or,  to  disroiM  the  language  of  theory,  that  the  induced  wire  ta 
in  the  aame  electric  state  as  the  conducting  wire  in  a  closed  voltaic  circle. 
Its  power  in  magnetizing  steel  and  deflecting  a  magnet  is  sufficient  evi- 
dence of  this ;  but  Faraday,  by  magneto^electric  induction,  succeeded  in 
throwing  a  frog's  leg  into  spasms  by  connecting  it  with  the  induced  wire; 
and  by  arming  the  ends  of  that  wire  with  points  of  charcoal,  and  separating 
them  at  the  instant  the  galvanic  circuit  of  the  inducing  wire  was  broken  or 
restored,  sparks  of  electricitv  were  obtained.  The  mode  in  which  soft  iron 
contributes  to  the  effect  is  likewise  obvious.  An  electric  current  circulating 
round  a  bar  of  soft  iron  has  been  shown  to  convert  it  into  a  temporary 
magnet  possessed  of  surprising  power  (page  114) ;  and  it  is  doubtless  to 
this  magnet,  called  into  temporary  existence  by  the  electric  current,  most  of 
the  induced  electricity  is  to  be  ascribed.  Faraday  reduced  this  to  certainty 
by  surrounding  a  cylinder  of  soil  iron  with  one  helix  connected  with  tlie 
galvanometer,  and  converting  the  soft  iron  into  a  temporary  magnet,  not  by 
a  voltaic  battery,  but  by  placing  at  each  end  of  the  cylinder  Uie  opposite 
pole  of  a  magnet  During  the  act  of  applying  the  magnetic  poles  to  the 
iron,  the  galvanometer  ne^Ie  was  deflectecf ;  and  the  deflection  was  repro- 
duced, but  in  the  opposite  direction,  when  the  magnetism  of  the  iron  was 
ceasing  by  the  removal  of  the  magnet  Similarly  when  a  helix  was  wound 
on  a  hollow  cylinder  of  pasteboard,  and  a  real  mafirnet  was  introduced,  the 
galvanometer  was  deflected:  the  needle  then  remained  quiescent  ao  long  as 
the  magnet  was  left  in  the  cylinder;  but  in  the  act  of  its  removal,  the  needle 
was  again  deflected,  though  as  usual  in  the  opposite  direction. 

These  singular  phenomena,  which  establish  such  new  and  intimate  rela- 
tions  between  voltaic  and  magnetic  action,  and  supply  additional  evidence 
in  &vour  of  Ampdre*s  beautifiu  theory  of  magnetism,  have  led  to  an  experi- 
ment by  which,  at  first  view,  an  electric  spark  appeared  to  bo  derived  from 
the  magnet  itself.  After  Faraday  had  announced  his  experiment,  above 
mentioned,  of  obtaining  a  spark  from  the  induced  wire,  other  attempts  were 
made  to  effect  the  same  object  with  a  magnet,  without  the  aid  of  galvanism. 
The  first  person  who  succeeded  in  this  country  was  Professor  Forbes,  who 
operated  with  a  powerful  loadstone  which  had  been  presented  to  the  Univer- 
sity of  Edinburgh  by  Dr.  Hope.  (Phil.  Trans,  of  Ed.  1833.)  A  helix  of 
copper  wire  was  formed  round  the  middle  of  a  cylinder  of  soft  iron,  which 
was  of  such  length  that  its  extremities  reached  from  one  pole  of  the  loadstone 
to  the  other.  On  applying  and  withdrawing  the  soft  iron  cylinder  to  and 
firom  the  poles  of  the  loadbtone,  magnetism  was  alternately  created  and  de- 
stroyed within  it  At  these  periods  of  transition,  electric  currents  were  in- 
duced in  the  helix  surrounding  the  soft  iron;  and  when,  at  these  instants, 
metallic  contact  between  the  conducting  wires  of  the  helix  was  broken,  an 
electric  spark  was  visible.  Mr.  Forbes  succeeded  best  bv  connecting  one 
wire  with  a  cop  of  mercury,  and  removing  the  other  wire  from  contact  with 
its  surfiice  at  the  instant  when  an  assistant  withdrew  the  armature  of  sc^ 
iron  from  the  loadstone.  In  this  experiment,  therefore,  the  electricity  was 
obtained  from  the  helix,  and  was  induced  in  it  by  the  soft  iron  while  in  the 
act  of  acquiring  or  losing  magnetism.  The  same  experiment  was  perform, 
ed  by  Mr.  Faraday  with  a  loadstone  belonging  to  Professor  Daniell;  and  ' 
ahortly  before  the  experiment  of  Mr.  Forbes,  Nobili  and  Antinori  succeeded 
with  an  ordinary  steel  magnet  Pixii  in  Paris  afUrwards  performed  this 
experiment  with  great  effect  by  causing  a  strong  horse-shoe  magnet  to  re- 
volve upon  an  axis,  its  poles  passing  in  rapid  snoceasion  in  front  of  a  soft 
iron  armature  of  the  same  form  (  and  a  atill  better  arrangement  is  to  eaose 
the  armature  to  revolve  in  front  of  the  poles  of  a  pewerfb]  magnet,  as  in  the 
instrument  fiUed  up  by  Mr.  Saxton,  and  exhibited  at  the  Adelaide-rooms, 
London.  The  voltaic  currents  are  induced  in  one  direction  as  the  armature 
spproaehea  the  magnetic  poiea,  and  are  reversed  as  it  quits  them ;  so  that 
the  eurients  change  .their  direction  twice  in  each  revolution.  On  all  these 
occasions  the  foarce  pf  the  electricity  is  the  aame,  being  alway*  induced  in 
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tht  lielix  by  a  temporary  nuigiiet;  and  it  hat  all  the  cfaaracteri  of  a  vduie 
canent.    It  produoes  brilliant  sparks,  rendera  pktinum  wire  red-hot,  and 

Sivea  a  strong  shock.  It  readily  explodes  gunpowder;  and  Dr.  Ritchie  has 
tted  up  an  apparatos  for  exploding  wi(h  it  a  mixture  of  oxygen  and  hydro- 
gen  eases.  It  decomposes  water  rapidly;  and  though  from  the  rapid  re- 
▼ersal  in  the  direction  of  the  currents,  both  gases  are  given  off  at  the  same 
wire,  Pixii  succeeded  in  collecting  them  separately.  (An.  de  Ch.  et  de  Ph. 
1L72.) 

Intimately  associated  with  magneto-electric  induction,  if  not  referable  to 
the  very  same  origin,  is  thie  induction  of  electric  currents  by  movement* 
Oo  introducing  a  magnet  into  a  hollow  helix  of  copper  wire,  as  also  on 
withdrawing  the  magnet  after  its  introduction,  an  electric  current  was  mo- 
meniarily  induced  in  the  wire ;  and  if,  the  magnet  being  stationary,  the 
helix  were  moved  in  its  vicinity,  an  electric  current  is  likewise  induced. 
The  action  is  not  confined  to  magnets  and  copper  wire ;  hut  in  all  solid  con- 
daetors  of  dectricity,  when  moved  near  the  pole  of  a  magpiet,  an  electric 
current  is  generated,  and  the  most  perfect  conductors  act  with  the  greatest 
effect  The  direction  of  the  movement  is  not  immaterial :  it  is  essential 
that  the  plane  in  which  the  conductor  moves  should  form  an  angle  with  the 
axis  of  the  magnet;  and  the  most  powerful  currents  were  induced,  when 
the  plane  of  motion  was  at  right  angles  to  that  axis,  and  hence  parallel  to 
the  electric  currents  which  Ampere  supposes  to  exist  in  the  magnet.  The 
direction  of  the  currents  depends  on  the  direction  of  motion.  If  the  move- 
ment of  a  wire  from  right  to  left  cause  a  certain  current,  an  opposite  cur- 
rent will  be  induced  when  the  wire  is  moved  from  left  to  right.  In  short, 
with  regard  to  the  direction  of  an  induced  current,  Mr.  Faraday*s  researches 
establish  this  law,  deduced  by  Dr.  Ritchie :  if  a  wire,  conducting  voltaic 
electricity,  produce  on  magnets  or  conductors  certain  motions,  whether  re- 
pulsive, attractive,  or  rotatory ;  and  if  the  battery  be  removed,  the  ends  of  the 
wires  brought  into  metallic  contact,  and  the  same  motions  be  produced  by 
mechamcal  means,  the  conductor  will  have  the  same  electric  state  induced 
in  it  as  it  had  when  connected  with  the  battery.  (Phil.  Mag.  3rd  series, 
iv.  12.) 

Mr.  Faraday  has  applied  this  principle  in  a  most  happy  manner  to  ex- 
plain the  phenomena  of  rotation  discovered  by  M.  Arago.    If  a  plate  of 
copper  be  revolved  dose  to  a  magnetic  needle  suspended  so  that  it  may 
rotate  in  a  plane  parallel  to  the  plate,  the  needle  will  rotate  in  the  same 
direction;  and,  reciprocally,  a  rotating  magnet  tends  to  give  rotation  to  a 
oootiguous  copper  plate.    The  same  efiects  are  producea  by  the  rotation 
not  only  of  all  metals,  but,  according  tu  Arago,  of  all  bodies,  whetlier  solid, 
liquid,  or  gaseous.    These  effects,  which  Faraday  has  principally  examined 
in  reference  to  the  rotation  of  metals,  arc  entirely  owing  to  electric  currents 
induced  by  the  rotation,  and  flowing  at  right  angles  to  the  direction  of  mo- 
tion.   Suppose  abd^  figure  35,  to  be  a  circular  metallic  pig.  35. 
plate,  placed  horizontally,  and  capable  of  revolving  round 
its  centre  e;  and  let  n  be  the  north  pole  of  a  magnet       ^^,i^_.-..>. 
situated  above  the  plate  near  its  circumference  at  a.    If     /^  t  n\V 
^  a  positive  electric  current  were  to  flow  along  the  plate    /        I  \\ 
.  from  e  to  a,  tlie  pole  n  would  be  impelled  at  right  angles    I       C«  U 
.in  the  direction  indicated  by  the  arrow;  and  hence  i^   \                / 
the  plate  were  made  to  revolve  in  the  same  direction,  in-      \^^__^^ 
dicatod  by  the  arrows  at  6  and  <2,  an  induced  positive        d  '^^-^ 
current  would  instantly  flow  from  c  to  a. .  lu  direction 
would  lie  constantly  in  that  line,  being  at  right  angles  to  the  dotted  arrow, 
which  indicates  the  direction  in  which  that  part  of  the  plate  nearest  to  the 
pole  is  moving.    Hence  the  pole,  acted  on  by  the  induced  current,  would 
recdve  an  impulse  in  the  same  direction. 

If  motion  in  the  vidnity  of  a  magnet  induce  an  electric  current,  the  same 
effect  would  be  antidpated  from  the  magnetic  influence  of  the  earth  ;  and 
this  fiict  baa  been  proved  by  Mr.  Faraday  by  most  decisivci  and  interesting 
f  i  ,  .  •  .*      ' 
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experiDienti.  WImii  a  btr  of  ioft  iron  Is  held  in  the  pontion  of  the  dippiogf 
needle,  the  direction  of  which,  in  regfard  to  terreetrial  magnetiBm,  is  enalo- 
gooi  to  the  njiM  of  a  common  magnet,  it  acquires  ma^etio  properties ;  and* 
accordingly,  on  introdacine  a  soft  iron  cylinder  into  a  hoUow  heUz  of  cop- 
per placed  in  the  line  of  Uic  dip,  a  galvanometer  connected  with  the  helix 
was  instantly  affected.  But  the  use  of  iron  may  be  dispensed  with  altoge- 
ther; for  when  a  helix  of  copper  wire  was  simply  moved  at  right  angles  to 
the  dipping  needle,  electric  currents  were  induced  bv  the  magnetism  of  the 
earth.  The  form  of  a  helix  is  not  even  necessary :  the  movement  of  a  piece 
of  oopper  wire  across  the  line  of  dip  developed  currents  in  the  wire.  The 
same  effect  was  produced  b^  the  rotation  of  a  copper  plate  placed  horixoo- 
tally  so  as  to  be  nearly  at  right  angles  to  the  line  of  dip ;  and  the  revo- 
lution of  a  oopper  globe  acted  in  the  same  manner.  Faraday  concludes  that 
the  rotation  (^  the /earth  on  its  axis  oueht  simikrly  to  influence  the  conduct- 
ing  matters  of  its  sur&ce ;  and  that  electric  currents  should  be  thereby  in- 
duoed  from  the  equatorial  regions  to  either  pole.  He  throws  out  the  sugges- 
tion  whether  the  aurora  borealis  and  australis  may  not  be  produced  by  the 
retonuDg  currents  passing  from  the  poles  of  the  earth  into  the  atmosphere. 


PART  IL 

INORGANIC  CHEMISTRt. 


PRELIMmARY  REMARKS. 

In  teadiing  a  scienoe  such  as  chemiBtr^,  the  details  of  which  are  name>> 
rooB  and  complicated,  it  would  be  injudicious  to  follow  the  order  of  disco- 
veiy,  and  proceed  ftom  indiyidoal  fitcts  to  the  conclusions  which  have  been 
deduced  firoiD  them.  An  opposite  course  is  indispensable.  It  b  necessary 
to  discuss  general  principles  in  the  first  instance,  in  order  to  aid  the  beein. 
oer  io  remembering  insulated  facts,  and  in  comprehending  the  explanations 
eoonected  with  them.  I  shall,  accordingly,  commence  the  second  part  of  the 
work  by  explaining  the  leading  doctrines  of  the  science.  One  inconyenience. 
Indeed,  arises  from  this  meUiM.  It  is  often  necessary,  by  way  of  illustra^ 
tkn,  to  refer  to  fects  of  which  the  beginner  is  ignorant ;  and,  therefore,  on 
aome  occasions  more  knowledge  will  be  required  fbr  understanding  a  sub» 
ject  foUj,  than  the  reader  may  have  at  his  command.  But  these  instances 
wil^  it  IS  hoped,  be  rarely  met  with ;  and  when  they  do  occur,  the  reader  is 
advised  to  quit  the  point  of  difficulty,  and  return  to  the  study  of  it  when  he 
■hall  have  acquired  more  extensive  knowledge  of  t^^e  details. 

Tb  the  chemical  history  of  each  substance,  its  chief  physical  characters 
win  be  added.  A  knowledge  of  these  properties  is  r*ot  onl  v  advantageous  in 
aansting  the  chemist  to  distinguish  one  body  from  another,  but  in  many 
instances  it  is  applied  to  uses  still  more  important  'The  character  called 
tpeeifie  grtfvily,  the  meaning  of  which  was  explained  at  page  48,  is  of  so 
much  importance  that  the  mode  of  determining  it  will  be  mentioned  in  tliis 
plaee.  The  process  consists  in  weighing  a  body  careftiUy,  and  then  deter- 
mining the  weight  of  an  equal  bulk  of  water,  the  latter  being  regarded  as 
unity.  If,  fbr  example,  a  portion  of  water  weigh  9  grains,  and  the  same 
bolk  of  another  body  20  grains,  its  specific  gravity  is  determined  by  this 
innnnla : — as  9  :  20  : :  1  (assumed  as  the  specific  gravity  of  water)  to  the 
feorth  proportional  2.2223 ;  so  that  the  specific  gravity  of  any  substance  is 
foond  by  dividing  its  weight  by  the  weight  of  an  equal  volume  of  water.  It 
is  easy  to  discover  the  weight  of  equal  bulks  of  water  and  any  other  liquid 
by  filling  a  small  bottle  of  known  weight  with  each  successively,  and  weigh- 
ing them.*  The  method  of  obtaining  the  necessary  data  in  case  of  a  smid 
is  somewhat  different  The  body  is  first  weighed  in  air,  is  next  suspended 
in  water  by  means  of  a  hair  attached  to  the  scale  of  the  balance,  and  is  then 
weighed  again.  The  difference  between  the  two  weights  gives  the  weight  of 
a  quantity  of  water  equal  to  the  bulk  of  the  solid.  This  rule  is  founded  on 
the  hydrostatic  law,  that  a  solid  body,  immersed  in  any  liquid,  not  only 
irsigM  less  thaif  it  does  in  air,  but  the  difference  corresponds  exactly  to  the 

•Bottles  are  pnpured  fer  this  purpose  by  the  philosophtoal  instrument 
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wmgrht  of  liquid  which  it  dispkoes ;  and  it  ii  obvioiw  that  the  liquid  m  di«- 
nlaoed  is  exactly  of  the  nme  dimensions  *  as  the  solid.  Another  method  is 
by  the  use  of  the  bottle  recommended  for  taking  the  specific  grmij  of 
liquids.  After  weighing  the  bottle  filled  with  water,  a  known  weight  of  the 
solid  is  pot  into  it,  which  of  course  displaces  a  quantity  of  water  precisely 
equal  to  its  own  volume.  The  exact  weight  of  the  displaced  water  is  found 
by  weighing  the  bottle  again,  after  its  outer  surface  is  made  perfectly  dry. 

The  determination  of  Uie  specific  gravity  of  gaseous  substances  is  an  ope- 
ration of  much  greater  delicacy.  From  the  extreme  lightness  of  gases,  it 
would  be  incooyenient  to  compare  them  with  an  equal  bulk  of  water,  and, 
therefore,  atmospheric  air  is  taken  as  the  standard  of  comparison.  The  first 
step  of  the  process  is  to  ascertain  the  weight  of  a  given  volume  of  air.  This 
is  done  by  weighing  a  very  light  glass  flask,  furnished  with  a  good  stopcock, 
while  full  of  air ;  and  then  weighing  it  a  second  time,  af^r  the  air  has  been 
withdrawn  by  means  of  the  air-pump.  The  difference  between  the  two 
weights  gives  the  information  required.  According  to  the  observation  of  Dr. 
Prout,  100  cubic  inches  of  pure  and  dry  atmospheric  air,  at  the  temperature 
of  60^  F.  and  when  the  barometer  stands  at  30  inehes,  weigh  31.0117  grains. 
By  a  similar  method  the  weight  of  any  other  gas  may  be  determined,  and 
its  specific  gravity  be  inferred  accordingly.  For  instance,  suppose  100  cubic 
inches  of  oxygen  gas  are  found  to  weigh  34.1 09  grains,  its  specific  gravity 
will  be  Uius  deduced ;  as  31.01L7  :  34.109  : :  1  (the  sp.  gr.  of  air)  :.  U035, 
the  specific  gravity  of  oxygen. 

There  are  four  circumstances  to  which  particular  attention  must  be  paid 
in  taking  the  specific  gravity  of  gases : — 

1.  The  gas  should  be  perfectly  pure,  otherwise  the  result  cannot  be  ac- 
curate. 

2.  Due  regard  must  be  had  to  its  hygrometric  condition.  If  it  is  satunled 
with  moisture,  the  necessary  correction  may  be  made  by  the  formula  of 
page  50 ;  or  it  may  be  dried  by  tlie  use  of  substances  which  have  a  power- 
ful attraction  for  moisture,  such  as  chloride  of  calcium,  quicklime,  or  fused 
potassa. 

3.  As  the  bulk  of  gaseous  substances,  owing  to  their  elasticity  and  com- 
pressibility, is  dc^ndent  on  the  pressure  to  which  they  are  exposed,  no  two 
observations  admit  of  comparison,  unless  made  under  the  same  elevation  of 
the  barometer.  It  is  always  understood,  in  taking  the  specific  gravity  of  a 
gas,  that  the  barometer  must  stand  at  thirty  inches,  by  which  means  the 
operator  is  certain  that  each  gas  is  subject  to  equal  degrees  of  compression. 
An  elevation  of  thirty  inches  is,  therefore,  called  the  standard  height;  and 
if  tlie  mercurial  colunm  be  not  of  that  length  at  the  time  of  performing  the 
experiment,  the  error  arising  from  this  cause  must  be  corrected  by  calcula- 
tion. It  has  been  established  by  careful  experiment,  that  the  bulk  of  gases 
is  inversely  as  the  pressure  to  which  they  are  subject.  Thus,  100  measures 
of  air,  under  the  pressure  of  a  thirty-inch  column  of  mercury,  will  dilate  to 
200  measures,  if  the  pressure  be  diminished  by  one-half;  and  will  be  com- 
pressed to  fifty  measures,  when  the  pressure  is  double,  or  equal  to  a  merco- 
rml  column  of  sixty  inches.  The  correction  for  the  effect  of  pressure  may, 
therefore,  be  made  by  the  rule  of  three,  as  will  appear  by  an  example.  If 
a  certain  portion  of  gas  occupy  tlic  space  of  100  measures  at  twenty- 
nine  inches  of  the  barometer,  its  bulk  at  thirty  inches  4nay  be  obtained  by 
the  following  proportion ;  as  30  :  29  : :  100  :  96.66.  It  is  understood  that 
the  temperature  of  tlie  mercurial  column  is  constant;  if  not  so,  correcticn 
must  be  made  agreeably  to  the  note  at  page  18. 

For  a  similar  reason  the  temperature  should  always,  bo  the  same.  The 
standard  or  mean  temperature  is  60<> ;  and  if  the  gas  be  admitted  into  the 
weighing-flask  when  the  thermometer  is  above  or  below  that  pointi  the  for* 
mula  of  page  21  should  be  employed  for  making  the  necessary  correction. 

Chemistry  iii.iodebted  lor  its  nomenclature  to  the  kbours  of  four  celebrated 
chemists,  Lavoisier,  Berthollet,  Guyton-Morveau,  and  Fourcroy.    The  prin^ 
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eipka  wfaidi  gmded  them  io  ite  oooBtnictiofi  are  eacceedingly  nmiile  wad  ia- 
geniois.  The  knovro  elenwnUiy  Bubetsneee,  and  the  more  familiar  eom- 
pound  ones,  were  allowed  to  retam  the  appellation  whieh  general  uMge  had 
aasipied  to  then.  The  newly^i&covered  elements  were  named  from  some 
sinking  property.  Thus,  as  it  was  supposed  that  acidity  was  always  owing 
to  the  yt'cweooe  of  the  vital  air  discovered  by  Priestley  and  Seheele,  they  gave 
H  the  name  of  exfigen,  from  o(«c  acid,  end  ytnuf  to  generate;  and  they 
called  inflammable  air  kifdrogen,  from  &Sm^  water,  and  >f vrwr,  beeanse  it  en- 
ten  into  the  oemposition  of  water. 

GompoondB,  of  wbidi  oxygen  forms  a  part,  were  called  €und$  or  oxtdeB^ 
■ooording  as  they  do  or  do  not  possess  acidity.    An  oxide  of  iron  or  copper 
sSgnifieii  a  combination  of  those  metals  with  oxygen^  which  has  no  acid  pro- 
perties.   The  name  of  an  acid  was  derived  from  the  sabstsnce  aciditSed  ht 
the  oxygen,  to  which  was  added  the  termination  in  ie.    Thus,  sulphune 
and  eariwBie  aeids  tiffnify  acid  compounds  of  sulphur  and  carbon  with  oxygen. 
If  sn^ur  or  anv  oCher  body  should  form  two  acids,  that  whic^  contuna  the 
least  qnsntity  of^  oxygen  is  made  to  terminate  in  otis,  as  solphnrovs  acid. 
The  termination  in  tiref  was  intended  to  denote  combinations  of  the  simple 
noD-metallic  substances  either  with  one  another,  with  a  metal,  or  with  a  me- 
tallic oxide.    Sulphurrt  and  carburet  of  iron,  for  example,  signify  compounds 
of  sulphur  and  carbon  with  iron.    The  different  oxides  or  sulpnurets  of  the 
same  substance  were  distinguished  from  one  another  by  some  epithet,  which 
was  commonly  derived  from  the  colour  of  the  compound,  sudi  as  the  black 
and  red  oxides  of  iron,  the  black  and  red  solpburets  of  mercury.    Though 
this  practice  is  still  continued  ooeasionally,  it  is  now  more  customary  to  dis- 
tinguish degrees  of  oxidation  by  the  use  of  derivatives  from  the  Greek  or 
Latin.    Pretoxide  signifies  the  first  degree  of  oxidation,  Mnoxide  the  second, 
and  feroxide  the  third ;  and  the  term  onroxide  is  often  applied  to  the  highest 
dmee  of  oxidation.    The  Latin  word  ses^ut,  one  and  a  half,  is  used  as  an 
mx.  when  the  dements  of  an  oxide  are  A^l  to  1},  or  as  2  to  3.    The  sol- 
phnrate,  carburets,  &c  of  the  same  substatic^  are  designated  in  a  similar 
wuy.    Compuunda  consisting  of  acids  in  combination  with  metallic  oxides, 
or  any  alkaline  bases,  are  termed  salts,  the  names  of  which  are  so  contrived 
as  to  indicate  tbe  substances  contained  in  them.    If  the  acidified  substance 
cdntahi  a  maximum  of  oxygen,  the  name  of  the  salt  terminates  in  ate ;  if  a 
minimnm,  the  termination  in  ite  is  employed.    Thus,  the  sulphate,  phosphate, 
S(Bd  arseniete  of  potassa,are  salts  of  sulphuric,  phosphoric,  and  arsenic  acids; 
while  the  terms  sulphite,  phosphite,  and  arsenide  of  potassa,  denote  corobinap 
4iaiiB  of  that  alkali  with  the  sulphurous,  phosphorotes,  and  arsenious  acids. 

Hm  advantage  of  a  nomenclature  which  disposes  the  different  parts  of  a 
fliGieDoe  in  so  systematic  an  order,  and  gives  such  powerful  assistance  to  the 
luemmv,  is  in^culable.  The  principle  has  been  acknowledged  in  all  coun- 
tries  where  chemical  science  is  cultivated,  and  its  minutest  details  have  been 
adopted  in  Britain.  It  must  be  admitted,  indeed,  that  in  some  respects  the 
nomenclature  is  defbctive.  The  erroneous  idea  of  oxygen  being  the  general 
acidifying  principle,  has  exereised  an  injurious  influence  over  the  whole 
fltmetare.  It  would  have  been  convenient  also  to  have  had  a  different  name 
Ibr  hydrogen.  But  it  is  now  too  late  to  attempt  a  change ;  for  the  conflisioti 
attending  such  an  innovation  would  more  than  counterbalance  its  advantages. 
The  original  nomenclature  has,  therefore,  been  preserved,  and  such  additions 
have  been  made  to  it  as  the  progress  of  the  science  rendered  necessary.  The 
most  essential  improvement  was  suggested  by  the  discovery  of  the  laws  of 
chemical  combination.  T^e  dififerent  salts  formed  of  the  same  constituents 
were  formerly  divided  into  neutraU  avper,  and  tub-nMa,  They  were  called 
neutral  if  the  acid  and  alkali  were  in  such  proportion  that  one  neutralized 
the  other ;  snper-saha,  if  the  acid  prevailed ;  and  sub-salts,  if  the  alkali  was 
in  excess.    The  name  is  now  regulated  by  the  atomic  constitution  of  the 


saU.  If  it  is  a  compound  of  an  equivalent  of  the  acid  and  the  alkali,  the 
generic  name  of  the  salt  is  employed  without  any  other  addition ;  but  if  two 
«r  tnore  equivalents  of  the  m^  are  attached  to  one  of  th©  h«ae»  or  two  or 
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mora  eqnivaknto  of  the  btae  to  one  of  the  acid,  a  numeral  is  preBxtd  ao  as 
to  indicate  its  composition.  The  two  salts  of  sulphuric  acid  and  potasoa  are 
called  sulphate  and  6isul(dbate;  the  first  containing  an  equivalent  of  the  acid 
and  the  alkali,  and  the  second  salt,  two  of  the  former  to  one  of  the  latter. 
TIm  three  salts  of  oxalic  acid  and  potassa  are  termed  the  oxalate,  Unoxalate, 
and  fiMMiroxalate  of  potassa;  because  one  equivalent  of  the  alkali  ii  united 
with  one  equivalent  of  acid  in  the  first,  with  two  in  the  second,  and  with  four 
in  the  third  salt  As  the  numerals  which  denote  the  equivalents  of  the  acid 
in  a  super^lt  are  derived  fit>m  the  Latin  hnguage.  Dr.  Thomson  proposes  to 
employ  the  Greek  numerals,  dia,  tri9,  ietrMsj  to  signify  the  equivalents  of 
alkali  in  a  sub-salt;  and  I  shall  not  only  adopt  hii  proposition,  but  give  it  the 
following  extension.  Since,  agreeably  to  the  electro-chemical  theory,  the 
elements  of  a  compound  may  in  relation  to  each  other  be  oonsidered  oppo- 
sitely  electric,  I  shall  distinguish  two  or  more  equivalents  of  the  negative 
element  by  Latin  numerals,  and  apply  Greek  numerals  to  that  element  which 
Is  regarded  as  positive.  Thus  a  Uchloride  denotes  a  compound  which  con. 
tains  two  eouivalenU  of  the  negative  element  chlorine ;  whereas  a  dichkride 
indicates  that  one  equivalent  of  chlorine  is  combined  with  two  of  some 
positive  body. 
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AFFINITY. 

All  chemical  phenomena  are  owing  to  Affinity  or  Chemical  Attnction. 
It  is  the  basil  on  which  the  science  dT  chemistry  ii  founded.  It  is,  as  it 
were,  the  instrument  which  the  chemist  employs  in  all  his  operations,  and 
hence  it  forms  the  first  and  leading  object  of  his  study. 

Affinity  is  exerted  between  the  minutest  particles  of  diffisrent  kinds  of 
matter,  causing  them  to  combine  so  as  to  form  new  bodies  endowed  with  new 
properties.  It  acts  only  at  insensible  distances ;  in  other  words,  apparent 
contact,  or  the  closest  proximity,  is  necessary  to  its  action.  Every  thing 
which  prevents  such  contiguity  is  an  obstacle  to  oomlnnation ;  and  any  foroe 
which  increases  the  distance  between  particles  already  combined,  toids  to 
separate  them  permanently  from  each  other.  In  the  former  case,  they  do 
not  oome  within  the  sphere  of  their  mutual  attraction ;  in  the  latter,  the^are 
removed  out  of  it  It  follows,  therefore,  that  though  affinity  is  regarded  as  a 
specific  power  distinct  from  the  other  forces  which  act  on  matter,  its  action 
may  be  promoted,  modified,  or  counteracted  by  them ;  and  consequently,  in 
studying  the  phenomena  produced  by  affinity,  it  is  necessary  to  inquire  into 
the  conditions  that  influence  its  operation. 

The  most  simple  instance  of  the  exercise  of  chemical  attraction  is  afforded 
by  the  admixture  of  two  substances.  Water  and  sulphuric  acid,  or  water 
and  alcohol,  combine  readily.  On  the  contrary,  water  shows  little  disposition 
to  unite  with  sulphuric  ether,  and  still  less  with  oil ;  for  however  intimately 
their  particles  may  be  mixed  together,  they  are  no  sooner  left  at  rest  than  the 
ether  separates  almost  entirely  from  the  water,  and  a  total  separation  takes 
place  between  that  fluid  and  the  oil.  Sugar  dissolves  very-  sparingly  in  al- 
caholf  but  to  any  extent  in  water ;  while  camphor  is  dissolved.in  a  very  small 
degree  by  water,  and  abundantly  by  alcohol.  It  appears,  firom  these  examples, 
that  chemical  attraction  is  exerted  between  different  bodies  with  different  de- 
grees of  force.  There  ii  sometimes  no  proof  of  its  existence  at  all;  between 
some  substances  it  acts  very  feebly,  and  between  others  with  great  energ]^. 

Simply  combination  of  two  substances  is  a  common  occurrence;  of  which 
ih»  solution  of  salts  in  water,  the  combustion  of  phosphorus  in  oxygen  gas, 
and  the  neutralixation  of  a  pure  alkali  by  an  acid,  are  instances.    But  the 
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I  «re  often  more  coinplez.  The  formation  of  a  new  compound  is 
often  attended  by  the  deetrnction  of  a  pre-ezistioflr  one ;  as  when  some  third 
body  acts  on  a  compound,  for  one  element  of  which  it  has  a  greater  affinity 
than  they  have  for  one  another.  Thus,  oil  has  an  affinity  for  the  volatiie  aL 
kali,  ammonia,  and  will  unite  with  it,  forming*  a  soapy  substance  called  a  lin. 
iment.  But  the  ammonia  has  a  still  greater  attraction  for  sulphuric  acid ; 
and  hence  if  this  acid  be  added  to  the  liniment,  the  alkali  will  quit  the  oil, 
and  unite  by  preference  with  the  acid.  If  a  solution  of  camphor  in  alcohol 
be  poored  into  water,  the  camphor  will  be  set  free,  because  the  alcohol  com- 
bines with  the  water.  Sulphuric  acid,  in  like  manner,  separates  baryta  fhim 
nitric  acid.  Combination  and  decomposition  occur  in  each  of  these  cases; — 
combination  of  sulphuric  acid  with  ammonia,  of  water  with  alcohol,  and  of 
baryta  with  sulphuric  acid ;— ^ieComposition  of  the  compounds  formed  of  oil 
and  ammonia,  of  alcohol  and  camphor,  and  of  nitric  acid  and  baryta.  These 
are  examples  of  what  Bergmann  called  single  elective  affinity  /—elective,  be- 
eanse  a  substance  manifests,  as  it  were,  a  choice  for  one  of  two  others,  unit- 
ing-  with  it  by  preference,  and  to  the  exclusion  of  the  other.  Many  of  the 
deeompositions  that  occur  in  chemistry  tire  instances  of  single  elcctiTe  af- 
finity. 

The  order  in  which  these  decompoeitions  take  place  has  been  expressed 
in  tafalea,  of  which  the  following,  drawn  up  by  Geoffrey,  is  an  example : — 

Sulpkurie  add. 

Baryta, 

Strontia, 

Potassa, 

Soda, 

Lime, 

Ammonia, 

Magnesia. 

This  table  ngnifiet,  first,  that  sulphuric  acid  has  an  affinity  for  the  sub- 
glances  placed  below  the  horizontal  line,  and  may  unite  separately  with 
each ;  and,  secondly^  that  the  base  of  the  salts  so  formed  will  be  separated 
finra  the  acid  by  adding  any  of  the  alkalies  or  earths  which  stand  above  it 
in  the  column.  Thus  ammonia  will  separate  magnesia,  lime  ammonia,  and 
potassa  lime ;  but  none  can  withdraw  baryta  from  sulphuric  acid,  nor  can 
ammonia  or  magnesia  decompose  sulphate  of  lime,  thou|rh  strontia  or  baryta 
will  do  BO.  Bergmann  conceived  that  these  decompositions  are  solely  deter- 
mined by  chemical  attraction,  and  that  consequently  the  order  of  decompo- 
sition represents  the  comparative  forces  of  affinity ;  and  this  view,  from  the 
simple  and  natural  explanation  it  affords  of  the  phenomenon,  was  for  a  time 
irvry  generally  adopted.  But  Bergmann  was  in  error.  It  does  not  necessa^ 
lily  follow,  because  lime  separates  ammonia  from  sulphuric  acid,  that  the 
lime  has  a  greater  attraction  for  the  acid  than  the  volatile  alkali.  Other 
causes  are  in  operation  which  modify  the  action  of  affinity  to  such  a  degree, 
thai  it  is  impossible  to  discover  how  much  of  the  effect  is  owing  to  that 
power.  It  is  conceivable  that  ammonia  may  in  reality  have  a  stronger  at- 
tracfSon  for  sulphuric  acid  than  lime,  and  yet  that  the  hitter,  from  the  great 
inffoence  of  disturbing  causes,  may  succeed  in  decomposing  sulphate  of 


TIm  propriety  of  the  foregoing  remark  will  be  made  obvious  by  the  fol- 
fewing  example.  When  a  stream  of  hydrogen  gas  is  passed  over  oxide  of 
iron  Iwated  to  redness,  the  oxide  is  reduced  to  the  metallic  state,  and  water 
is  generated.  On  the  contrary,  when  watery  vapour  is  brought  into  contact 
wiUi  red.hot  metallic  iron,  the  oxygen  of  the  water  quits  the  hydrogen  and 
combines  with  the  iron.  It  fbllows  ftom  the  result  of  the  fir«t  experiment, 
aoeording  to  Berrmann,  that  hydrogen  has  a  stronger  attraction  than  iron 
for  oxygen ;  and  from  that  of  the  second,  that  iron  has  a  greater  affinity  for 
oxygen  than  hydrogen.    But  these  inferences  are  incompatible  with  each 
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other.  The  affinity  of  ozygen  for  the  tvro  elomenti,  hjrdroffen  and  iron, 
must  either  be  equal  or  unequal.  If  equal,  the  result  of  both  experiments 
was  determined  by  modifying  circumstances ;  since  neither  of  these  sub- 
stances ought  on  this  supposition  to  take  ozyi;en  from  the  other.  But  if 
the  forces  are  unequal,  the  decomposition  in  one  of  the  experiments  most 
have  been  determined  by  extraneous  causes,  in  direct  opposition  to  the  ten- 
dency  of  affinity. 

To  Berthollet  ii  due  the  honour  of  pointing  out  the  fallacy  of  Berginann*s 
opinion.  He  was  the  first  to  show  that  the  relative  forces  of  chemical  at^ 
traction  cannot  always  be  determined  by  observing  the  order  in  which  sob- 
stances  separate  each  other  when  in  combination,  and  that  the  tables  of 
Geoffi-oy  are  merely  tables  of  decomposition,  not  of  affinity.  He.  likewise 
traced  all  the  various  circumstances  that  modify  the  action  of  affinity,  and 
gave  a  consistent  explanation  of  the  mode  in  which  they  operate.  fieithoDet 
went  even  a  step  further.  He  denied  the  existence  of  elective  affinity  as  an 
invariable  force,  capable  of  effisctiog  the  perfect  separation  of  one  bod^  from 
another ;  he  maintained  that  all  the  instances  of  complete  decomposition  at- 
tributed to  elective  affinity  are^  in  reality  determined  by  one  or  more  of  the 
collateral  circumstances  that  influence  its  operation.  But  here  this  acute 
philosopher  went  too  ftr.  Bergmann  erred  m  supposing  the  result  of  che- 
mical action  to  be  in  every  case  owing  to  elective  affinity ;  but  BerthoDet 
ran  into  the  opposite  extreme  in  dedariugthat  the  effects  formerly  ascribed 
to  that  power  are  never  produced  by  it  That  chemiosl  attraction  is  exerted 
between  bodies  with  different  degrees  of  energy  is,  I  apprehend,  indisputa- 
ble. Water  has  a  much  greater  affinity  for  hydrochloric  acid  and  ammo- 
niaoal  gases  than  for  carbonic  and  hydrosulphuric  acids,  and  for  these  than 
for  oxygen  and  hydrogen.  The  attraction  of  lead  for  oxygen  is  mater 
than  that  of  silver  for  the  same  substance.  The  disposition  of  g(ud  and 
silver  to  combine  with  mercury  is  greater  than  the  attraction  of  platinum 
and  iron  for  that  fluid.  As  these  difierences  cannot  be  accounted  for  by  the 
operation  of  any  modifying  causes,  we  must  admit  a  diflforence  in  the  force 
of  affinity  in  producing  combination.  It  ii  equally  dear  that  in  some  in- 
stances the  separation  of  bodies  fron  one  another  can  only  be  explained  on 
the  same  principle.  No  one,  I  conceive,  will  contend  that  thedecompositioo 
of  hydriodic  acid  by  chlorine,  or  of  hydrosulphuric  acid  by  iodine,  is  deter- 
mined by  the  concurrence  of  any  mocfifying  circumstances. 

Affinity  is  the  cause  of  still  more  complicated  chan^  than  those  which 
have  been  just  considered.  In  a  case  of  single  elective  affinity,  three  sob- 
stances  only  are  present,  and  two  affinities  are  in  play.  But  it  frequently 
happens  that  two  compounds  are  mixed  together,  and  four  different  affinities 
brought  into  action.  The  chanpfes  that  may  or  do  occur  under  these  cir- 
cumstances may  be  studied  by  aid  of  a  diagram,  a  method  which  was  first 
employed,  I  believe,  by  Dr.  Black,  and  has  since  been  generally  practiMd. 
Thus,  in  mixing  ti^^ether  a  solution  of  carbonate  of  ammonia  and  hydro- 
chlorate  of  lime,  their  mutual  action  may  be  represented  in  the  following 
manner: 

Carbonic  acid  Ammonia 


Hydrochloric  acid  Lime. 

Each  of  the  acids  has  an  attraction  for  both  bases,  and  hence  it  is  posai- 
Me  either  that  the  two  salts  should  continue  as  they  were,  or  that  an  inter- 
change of  principles  should  ensue,  giving  rise  to  two  new  compounds- 
carbonate  of  lime  and  hydrochlorate  of  ammonia.  According  to  the  views 
of  Bergmann,  the  result  is  solely  dependent  on  the  comparative  stiength  of 
affinities.  If  the  affinity  of  carbonic  add  for  ammonia,  and  of  hydro^loric 
add  for  lime,  exceed  that  of  carbonic  add  for  lime,  added  to  that  of  hydro- 
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chlarie  mad  for  ammooia,  then  will  the  two  aalU  ezperienoe  no  ohanira 
whateTcr ;  bat  if  the  latter  affinities  preponderate,  then,  aa  doea  actoaDv 
happen  in  the  preaent  example,  both  the  original  salts  will  be  decomposed, 
and  two  new  ones  generated.  Two  decompositions  and  two  combinations 
take  i^oe,  being  an  instance  of  what  is  called  double  eUeiive  affinitu.  Mr. 
Kirwan  applied  the  terms  quieecent  and  divelUtU  to  denote  the  ten<iency  of 
the  oppoaing^  affinities,  the  action  of  the  fottodx  being  to  prevent  a  change, 
the  l^er  to  prodace  it 

The  doctrine  of  double  elective  affinity  was  assailed  by  Berthollet  on  the 
same  ground  and  with  the  same  success  as  in  the  case  of  single  elective  at- 
tFaetioo.  He  sncceeded  in  provinsr  that  the  effect  cannot  always  be  ascribed 
to  the  sole  inflnenoe  of  affinity.  For,  to  tal^e  the  example  already  adduced* 
if  carbonate  of  ammonia  decompose  hydrochlorate  of  lime  by  the  mere 
fiirce  of  a  superior  attraction,  it  is  manifest  that  carbonate  of  lime  ought 
never  to  decompose  hydrochlorate  of  ammonia.  But  if  these  two  salts  are 
mixed  in  a  dry  state  and  exposed  to  heat,  double  decomposition  does  take 
place,  carbonate  of  ammonia  and  hydrochlorate  of  lime  being  formed ;  and, 
therefore,  if  the  change  in  the  first  example  was  produced  by  chemical  at- 
traction alone,  that  in  the  second  must  have  occurred  in  direct  opposition  to 
that  power.  It  does  not  follow,  however,  because  the  result  is  sometimes 
determined  by  oKidifyin^  conditions,  that  it  must  always  be  so.  I  appre- 
hend that  the  decomposition  of  the  solid  cyanuret  of  mercury  by  hydrosul- 
phuric  add  gas,  which  takes  place  even  at  a  low  temperature,  cannot  be 
ascribed  to  an^  other  caose  than  a  preponderance  of  the  divellent  over  the 
quiescent  affinities. 

CHANGES  THAT  ACCOMPANY  CHEMICAL  ACTION. 

The  leading  circumstance  that  characterizes  chemical  action  is  the  loss  of 
properties  experienced  by  the  combining  substances,  and  the  acquisition  of 
new  ones  by  the  product  of  their  combination.  The  change  of  property  is 
aoBietimcs  mconsiderable.  In  a  solution  of  sugar  or  salt  in  water,  and  in 
mixtures  of  water  with  alcohol  or  sulphuric  acid,  the  compound  retains  so 
much  of  the  character  of  its  conMituents,  that  there  is  no  difficulty  in  reoog- 
nixing  their  presence.  But  more  generally  the  properties  of  one  or  both  of 
the  combining  bodies  disappear  entirely.  One  would  not  suppose  from  its 
appearance  that  water  ia  a  compound  body ;  much  less  that  it  is  composed 
of  two  gases,  oxygen  and  hydrogen,  neither  of  which,  when  uncombined, 
has  ever  been  compressed  into  a  liquid.  Hydrogen  is  one  of  the  most  in- 
flammable substances  in  nature,  and  yet  water  cannot  be  set  on  fire;  oxygen, 
on  the  contrary,  enables  bodies  to  bum  with  great  brilliancy,  and  yet  watet 
extin^shes  combustion.  The  allialies  and  earths  were  regarded  as  simple 
tiU  8ir  H  Davy  proved  them  to  be  compound,  and  certainly  they  evince  no 
sign  whatever  of  containing  oxygen  and  a  metaL  Numerous  examples  of  a 
similar  kind  are  affiirded  by  the  mutual  action  of  acids  and  alkalies.  Sul- 
phuric add  and  potassa,  for  example,  are  highly  caustic.  The  former  is  in. 
tensdv  sour,  reddens  the  blue  colour  of  vegetables,  and  has  a  strong  affinity 
for  alkaline  substances;  the  latter  has  a  pungent  taste,  converts  the  blue 
eolonr  of  vegetables  Ui  green,  ^nd  combines  readily  with  acids.  On  adding 
these  prindples  cautiously  to  each  other,  a  compound  results  called  a  neuiral 
aait,  which  does  not  in  any  way  affect  the  colouring  matter  of  plants,  and  in 
which  the  other  distinguishing  features  of  the  acid  and  alkali  can  no  longer 
he  perceived.  They  appear  to  have  destroyed  the  properties  of  each  otJ^r, 
and  are  hence  said  to  neutralixe  one  another. 

The  other  phenomena  that  accompany  chemical  action  are  changes  of 
,  temperature,  farm,  and  colour, 
is  observed  that  two  bodies  rarely  oticupr,  after  combination,  the 
B  which  they  possessed  separately.    In  general  their  bulk  is 

. ,  so  that  the  specific  gravity  of  the  new  body  is  greater  than  the 

\  of  its  components.    Thus  a  mixture  of  100  measures  of  water  and  an 
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equil  quantity  of  milphurie  acid  does  not  occupy  the  space  of  dOO  meamirei, 
bat  conaiderably  leas.  A  aimilar  contraction  frequently  attends  the  combi- 
nation  of  solids.  Gases  often  experience  a  remarkable  condensation  when 
they  unite.  The  elements  of  olcfiant  gas,  for  instance,  would  expand  to 
four  times  the  bulk  of  that  compound,  if  they  were  suddenly  to  become  free, 
and  assnme  the  gaseous  form.  But  the  rule  is  not  without  exception.  The 
reverse  happens  m  some  metalic  compounds;  and  there  are  examples  of  com- 
bination between  gases  without  any  chancre  of  bulk. 

S.  A  change  of  temperature  generally  accompanies  chemical  action. 
Heat  is  evolved  either  when  there  is  a  diminution  in  the  bulk  of  the  com- 
bining  substances  without  change  of  form,  or  when  a  gas  is  condensed  into 
a  liquid,  or  a  liquid  becomes  solid.  The  heat  caused  by  mixing  sulphuric 
acid  with  water  is  an  instance  of  the  former;  and  the  common  process  of 
slaking  lime,  during  which  water  loses  its  liquid  form  in  combining  with 
that  earth,  is  an  example  of  the  latter.  The  rise  of  temperature  in  these 
oases  is  obviously  referable  to  diminution  in  the  capacity  of  the  new  com- 
pound  for  heat;  but  intense  heat  sometimes  accompanies  chemical  acticm 
under  circumstances  in  which  an  explanation  founded  on  a  change  of 
specific  heat  is  quite  inadmissible.  At  present  it  is  enough  to  have  stated 
the  fact ;  4ts  theory  will  be  discussed  under  the  subject  of  combustion.  The 
production  of  cold  seldom  or  never  takes  place  during  combination,  except 
when  heat  is  rendered  insensible  by  the  conversion  of  a  solid  into  a  liquid, 
or  a  liquid  into  a  gas.    All  the  frigorific  mixtures  act  in  this  way. 

3.  The  changes  of  form  that  attend  chemical  action  are  exceedingly 
various.  The  combination  of  gases  may  give  rise  to  a  liquid  or  a  send; 
solids  sometimes  become  liquid,  and  liquids  solid.  Several  familiar  chemical 
phenomena,  such  as  detonation,  effervescence,  and  precipitation,  are  owing 
to  these  changes.  The  sudden  evolution  of  a  large  quantity  of  gaseous 
matter  causes  an  explosion,  as  when  gunpowder  detonates.  The  slower 
disengagement  of  gas  produces  effervescence,  as  when  marble  is  put  into 
hydr^smoric  acid.  A  precipitate  is  owing  to  the  formation  of  a  new  body 
which  happens  to  be  insoluble  in  the  liquid  in  which  its  elements  were 
dissolved. 

4.  Chemical  action  is  frequently  attended  by  chan^  of  colour.  No 
uniform  relation  has  been  traced  between  the  colour  of  a  compound  and 
that  of  its  elements.  Iodine,  whose  vapour  is  of  a  violet  hue,  forms  a  beau- 
tiful red  compound  with  mercury,  and  a  yellow  one  with  lead.  The  brown 
oxide  of  copper  generallv  gives  rise  to  green  and  blue  coloured  sslts;  while 
the  salts  of  the  oxide  of  lead,  which  is  itself  yellow,  are  for  the  roost  part 
colourless.  The  .colour  of  precipitates  is  a  very  important  study,  as  it 
supplies  a  character  by  which  most  substances  may  be  distinguished. 

CIRCUMSTANCES    THAT   MODIFY    AND    INFLUENCE    THE 
OPERATION   OF   AFFINITY. 

Of  the  conditions  which  are  capable  of  promoting  or  counteracting  the 
tendency  of  chemical  attraction,  the  following  are  Uie  most  important;— « 
cohesion,  elasticity,  quantity  of  matter,  and  gravity.  To  these  may  be  added 
the  agency  of  the  imponderables. 

C^enon. — The  first  obvious  effect  of  cohesion  is  to  oppose  affinity,  by 
impeding  or  preventing  that  mutual  penetration  and  close  proximity  of  tlie 
particles  of  different  bodies,  which  is  essential  to  the  successful  exercise  of 
their  attraction.  For  this  reason,  bodies  seldom  act  chemically  in  their 
solid  state;  their  molecules  do  not  come  within  the  sphere  of  attraction,  and, 
therefore,  combination  cannot  take  place,  although  their  affinity  may  in  fiict 
be  considerable.  Liquiditv,  on  tlic  contrary,  favours  chemical  action;  it 
permits  the  closest  possible  approximation,  while  the  cohesive  power  is 
comparatively  so  trifling  as  to  oppose  no  appreciable  barrier  to  affinity. 

Cohesion  may  be  diminished  in  two  ways,  by  mechanical  division,  or  by 
the  application  of  heat.    The  former  is  useful  by  increasing  the  extent  of 
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•or&oe;  bat  li  b  not  of  itielf  in  general  rafficieot,  beeauw  tbe  paiticlee, 
however  minute,  atiU  retain  that  degree  of  cohesion  which  oomtitntes 
eoKdity.  Heat  acts  with  greater  effisct,  and  never  faiJa  in  promoting  combi- 
nation,  whenever  the  cohesive  power  is  a  barrier  to  it  Its  intensity  should 
always  be  so  regulated  as  to  produce  liquefaction.  The  fluidity  of  one  of 
the  substances  frequently  suffices  for  effecting  bheniical  union,  as  is  proved 
bv  the  facility  with  which  water  dissolves  many  salts  and  other  solid  bodies. 
Bat  tbe  cohesive  force  is  still  in  operation ;  for  a  solid  is  commonly  dissolved 
in  grreater  quantity  when  its  cohesion  is  diminished  by  heat  The  reduction 
of  both  substanoes  to  the  liquid  stats  is  the  best  method  for  ensuring  chemi- 
cal action.  The  sli|rht  degree  of  cohesion  possessed  by  liquids  does  not 
appear  to  cause  any  impediment  to  combination;  for  they  commonly  act  aa 
energetically  on  each  other  at  low  temperatures,  or  at  a  temperature  just 
aaffioent  to  cause  perfect  liquefitction,  as  when  their  cohesive  power  is  still 
ibrther  diminished.  It  seems  ftir  to  infor,  therefore,  that  very  little,  if  any, 
affinity  exists  between  two  bodies  which  do  not  combine  when  they  an 
intimately  mixed  in  a  liquid  state. 

The  phenomena  of  crystallization  are  owing  to  the  ascendan<nr  of  oofaeaioB 
over  affinity.  When  a  large  quantity  of  salt  has  been  dissolved  in  water  by 
the  aid  of  heat,  part  of  the  saline  matter  generallv  separates  as  the  solutioa 
eoob,  because  the  cohesive  power  of  the  salt  then  beoomes  comparatively  too 
powerful  for  chemical  attract  ion.  Its  particles  begin  to  cohere  together  and 
are  deposited  in  crystals,  the  process  of  crystalluation  continuing  till  it  is 
arrested  by  the  affinity  of  the  liquid.  A  similar  change  happens  when  a 
•olotion  made  in  the  cold  is  gradually  evaporated.  The  cohesion  of  tbe 
saline  particles  is  no  longer  counteracted  by  the  affinity  of  the  liquid,  and 
the  salt,  therefore,  assumes  the  solid  form. 

Cohesion  pla^s  a  still  more  important  part  It  sometimes  determinei  the 
lesolt  of  chemical  action,  probably  even  in  opposition  to  affinity.  Thus,  on 
mixing  together  a  solution  of  two  acids  and  one  alkali,  of  which  two  salta 
may  be  formed,  one  soluble,  and  tbe  other  insotuble,  tbe  alkali  will  unite 
with  that  acid  with  which  it  forms  the  insoluble  compound,  to  the  total 
ezektsioa  of  the  other.  This  is  one  of  the  modifying  circumstances  em. 
ployed  by  BerthoUet  to  account  for  the  phenomena  of  single  elective 
attraction,  and  is  certainly  applicable  to  many  of  the  instances  to  be  found 
in  the  tables  of  affinity.  When,  for  example,  hydrochloric  acid,  sulphuric 
aeid,  and  baryta,  are  mixed  together,  sulphate  of  baryta  is  formed  in  oonse- 
q[aence  of  its  insdabilitv.  Lime,  which  yields  an  insoluble  salt  with 
carbonic  acid,  separates  that  acid  from  ammonia,  potaasa,  and  soda,  with  all 
of  which  it  makes  soluble  compounds. 

A  similar  explanation  may  be  given  of  many  cases  of  double  elective 
attraction.  On  mixing  together  in  solution  four  substances,  a,  a,  o,  n,  of 
which  it  is  possible  to  form  four  compounds,  ab  and  on,  or  ac  and  an,  that 
oompoand  will  certainly  be  produced,  which  happens  to  be  insoluble.  Thus 
solphuric  acid,  soda,  nitric  acid,  and  baryta,  may  give  rise  either  to  sulphate 
of  soda  and"  nitrate  of  baryta,  or  to  sulphate  of  baryta  and  nitrate  of  soda ; 
bot  the  first  two  nits  cannot  exist  together  in  the  same  liquid,  because  the 
insoluble  sulphate  of  baryta  is  instanUy  generated,  and  its  formation  neoes- 
sariljjT  causes  the  nitric  acid  to  combine  with  the  soda.  In  like  manner,  a 
eolation  of  nitrate  of  lime  is  decomposed  by  carbonate  of  ammonia,  in 
ooneequenoe  of  the  insolubility  of  carbonate  of  lime. 

To  comprehend  the  manner  in  which  cohesion  acts  in  these  infttancea,  it 
is  necessary  to  consider  what  takes  place  when  in  the  same  liquid  two  or 
note  compounds  are  brought  together,  which  do  not  give  rise  to  an  insolu- 
ble sobotance.  Thus  on  mixing  solutions  of  sulphate  of  potassa  and 'nitrate 
of  soda,  no  precipitate  ensues;  because  the  salts  capable  of  being  formed  by 
double  deooropoaition,  sulphate  of  soda  and  nitrate  of  potassa,  are  likewise 
•oloble.  In  this  ease  it  b  possible  either  that  each  acid  may  be  confined  to 
one  base,  so  as  to  constitute  two  neutral  salts;  or  that  each  acid  may  be  di. 
rided  between  both  bases,  yielding  Ibor  neutral  salts.  It  is  difficult  to  decide 
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this  potni  in  an  wieqaWoeal  manner:  but  judging  fh>m  many  chemical 
phenoneoa,  there  ean,  I  apprehend,  be  no  doubt  that  the  arrangement  hurt 
mentioned  is  the  moet  frequent,  and  is  probably  universal  whenever  the 
relative  fbroes  of  affinity  are  not  very  unequal.  When  two  acids  and  two 
hasea  meet  together  in  neotraliring'  proportion,  it  may,  therefore,  be  inferred, 
that  each  acid  onites  with  both  uie  bases  in  a  manner  regulated  by  thetr 
respective  forces  of  affinity,  and  that  four  sahs  a.re  contained  m  solution.  In 
like  manner  the  presence  of  three  acids  and  three  bases  will  g'ive  rise  to  nine 
•alts;  and  when  fbur  of  each  are  present,  sixteen  salts  will  be  produced. 
TiuM  view  afibrds  the  most  plausible  theory  of  the  constitution  of  mineral 
waters,  and  of  the  products  which  they  yield  by  evaporation. 
.  The  influence  of  insolubility  in  determining  the  result  of  chemical  action 
may  be  readily  explained  on  this  principle.  If  nitric  acid,  sulphuric  acid, 
mni  baryta,  are  mixed  together  in  solution,  the  base  may  be  conceived  to  be 
at  first  divided  between  &e  two  acids,  and  nitrate  and  sul^^ate  of  baryta  to 
be  generated.  The  lattef  beinff  insoluble  is  instantly  removed  beyond  the 
influence  of  the  nitric  acid,  so  Uiat  for  an  instant  nitrate  of  baryta  and  fi?ee 
aal|ihttric  acid  remain  in  the  liquid;  but  as  the  base  left  in  solution  is  again 
ilmded  between  the  two  adds,  a  fi^sh  quantity  of  the  insoluble  sulphate  ia 
genoiated;  and  this  process  of  partition  continues,  until  either  the  baryta  or 
the  nlphurie  acid  is  withdrawn  fh>m  the  solution.  Similar  changes  ensue 
irben  nitrate  of  bafjta  and  sulphate  of  soda  are  mixed. 

The  separation  of  salts  by  crystallization  from  mineral  waters  or  other  sa- 
line mixtves  is  ezplicaUe  by  a  similar  mode  of  reasoning.  Thus  on  mixing 
nitriAe  of  potaasa  and  sulphate  of  soda,  fbur  salts,  accOTding  to  this  view, 
an  genmrntad,  namely,  the  sulphates  of  soda  and  potsssa,  and  the  nitrates  of 
those  bases;  and  if  the  solution  be  allowed  to  evapdrate  gradually,  a  point  at 
leufith  arrives  when  the  least  soluble  of  these  salts,  the  sulphate  of  potassa, 
will  be  disposed  to  ervstallise.  As  soon  as  some  of  its  crystals  are  deposited, 
and  thns  withdrawn  nom  the  influence  of  the  other  salts,  the  constituents  of 
these  ondeigo  a  new  arrangement,  whereby  an  additional  quantity  of  sid- 
phate  of  potaasa  is  generated  $  and  this  process  continues  until  the  greater 
paiC  of  the  aolphnric  acid  and  potaasa  has  combined,  and  the  compound  is 
removed  by  erystalliiation.  If  the  difference  in  solubility  is  considerable, 
liie  aeparation  of  sidts  may  be  oflen  rendered  very  complete  by  this  method. 

The  efflorescence  of  a  salt  is  sometimes  attended  with  a  similar  reiralt 
If  carbonate  of  soda  and  chloride  of  calcium  are  mingled  together  in  sola- 
tion,  the  inaoluble  carbonate  of  lime  subsides.  But  if  carbonate  of  lime  and 
■ea^aalt  are  mixed  in  the  solid  state,  and  a  certain  degree  of  moisture  is 
present,  carbonate  of  soda  and  chloride  of  calcium  are  slowly  generated ; 
and  since  the  former,  as  soon  as  it  is  formed,  separates  itKlf  firom  the 
mixture  by  efflorescence,  ita  production  continues  progressively.  Tlie 
efflorescence  of  carbonate  of  soda,  which  is  sometimes  seen  on  old  walb,  or 
which  in  aome  conntriee  ta  found  on  the  soil,  appears  to  have  originated  In 
this  manner. 

^aitidtys — From  the  obstacle  which  cohesion  puto  In  the  way  of  affinity, 
the  gaseous  state,  in  which  the  cohesive  power  is  wholly  wanting,  might  be 
ttEpMted  to  be  peculiarly  favourable  to  chemical  action.  The  reverse,  how> 
ever,  is  the  fact  Bodies  evince  little  disposition  to  unite  when  presented  to 
each  other  in  the  elastic  form.  Combination  does  indeed  sometimes  take 
place,  in  consequence  of  a  very  energetic  attraction ;  but  examples  of  att 
oppoeito  kind  are  much  more  common.  Oxygen  and  hydrogen  gases,  and 
chlorine  and  hydrogen,  though  their  mutual  affinity  is  ver]^  powerful,  may 
be  preserved  together  fbr  any  length  of  time  without  oombinin?.  This  want 
of  actiiA  seems  to  arise  fl^m  the  distance  between  the  particles  preventing 
that  close  approximation  which  is  so  necessary  to  the  successful  exercise  of 
affinity.  Hence  many  gases  cannot  be  made  to  unite  directly,  which  never- 
theless combine  readily  while  in  their  nascent  state;  that  is,  while  in  the  act 
of  assuming  the  gaseous  form  by  the  decomposition  of  some  of  their  edid  or 
fluid  oombmations. 
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Ebsticity  operaios  likewiM  u  a  dceompotmg  agent  If  two  gaaw»  the 
reciprocal  attractioa  of  which  is  feeble,  suffer  considerable  coi^ensatioa 
when  they  onite,  the  compound  will  be  decomposed  by  yeiy  slight  causes. 
Chloride  of  nitrogen,  which  is  an  oil-like  liquid,  composed  of  the  two  gases 
chlorine  and  nitrogen,  affords  an  apt  illustration  of  this  principle,  being 
distinguished  for  its  remarkable  fiu»lity  of  decomposition.  Slight  elevation 
of  temperature,  by  increaaiog  the  natural  elasticity  of  the  two  gases,  or 
contact  of  substances  which  have  an  affinity  for  either  of  .them,  produces 
immediate  explosion. 

JUany  familiar  phenomena  of  decomposition  are  owincr  to  ehsticity.  AU 
compounds  that  contain  a  volatile  and  a  fixed  principle,  are  liable  to  be 
decomposed  by  a  high  temperature.  The  expansion  occasioned  by  heat 
resBoves  the  elements  of  the  compound  to  a  greater  distance  from  each 
other,  and  thus,  by  diminishing  the  force  of  chemical  attraction,  fiivours  the 
tendency  of  the  volatile  principle  to  assuine  the  form  which  is  natural  to  it. 
The  evaporation  of  water  from  a  solution  of  salt  is  an  instance  of  this  kind. 

Many  solid  substances,  which  contain  water  in  a  state  of  intimate  com- 
UsatJon,  part  with  it  in  a  strong  heat,  in  consequence  of  the  volatile  nature 
of  that  hquid.  The  separation  of  oxygen  from  some  metals,  by  heat  alone, 
is  explicable  on  the  same  principle. 

From  these  and  some  preceding  remarks,  it  appears  that  the  influence  of 
heal  over  affinity  is  variable ;  for  at  one  time  it  promotes  chemical  union, 
and  opposes  it  at  another.  Its  action,  however,  is  always  consistent  When- 
ever  the  cohesive  power  is  an  obstacle  to  combination,  heat  favours  affinity 
either  by  diminishing  the  cohesion  of  a  solid,  or  by  converting  it  into  a 


liquid.  As  the  cause  of  the  gaseous  state,  on  the  contrary,  it  keeps  at  a 
distance  particles  which  would  otherwise  unite;  or,  by  producing  expansion, 
it  tends  to  separate  from  one  another  substances  which  are  slready  com- 


bined. There  is  one  effiect  of  heat  which  seems  somewhat  anomalous; 
namely,  the  combination  which  ensues  in  gaseous  explosive  mixtures  on  the 
approach  of  flame.  The  explanation  given  by  Berthollet  is  probably  correct, 
— ^that  the  sodden  dilatation  of  the  gases  in  the  immediate  vicinity  of  the 
flame,  acts  as  a  violent  compressing  power  to  the  contiguous  portions,  and 
thus  brings  them  within  the  sphere  of  their  attraction. 

Some  of  the  decompositions,  which  were  attributed  by  Bergmann  to  the 
sole  influence  of  elective  affinity,  may  be  ascribed  to  elasticity.  If  three 
substances  are  mixed  together,  two  of  which  can  form  a  compound  which  is 
lesi  vokOile  than  the  third  bodv,  the  last  will,  in  general,  be  completely 
driven  off  by  the  application  of  heat  The  decomposition  of  the  salts  of 
aromooia  by  the  pure  alkalies  or  alkaline  earths,  may  be  adduced  as  an 
example;  and  for  the  same  reason,  all  the  carbonates  are  decomposed  by 
hydrochloric  acid,  and  all  the  hydrochlorates  by  sulphuric  acid.  This 
explanation  applies  equally  well  to  some  cases  of  double  decomposition.  It 
explains,  for  instance,  why  the  dry  carbonate  of  lime  will  decompose  hydro- 
chlorate  of  ammonia  by  the  aid  of  heat ;  for  carbonate  of  ammonia  is  mora 
foiatile  than  the  hydrochlorate  either  of  ammonia  or  lime. 

Tlie  influence  of  elasticity  in  determining  the  result  of  chemical  action  in 
these  instances,  seems  owing  to  the  same  cause  which  enables  insolubility  to 
be  productive  of  similar  effects.  Thus,  on  mixing  hydrochlorate  of  ammonia 
with  lime,  the  acid  is  divided  between  the  two  bases;  some  ammonia 
becomes  free,  which,  in  consequence  of  its  elafiticity,  is  entirely  expelled  by 
a  gentle  heat  The  acid  of  the  remaining  hydrochlorate  of  ammonia  is 
again  divided  between  the  two  bases ;  and  if  a  sufficient  quantity  of  lime  is 
present,  the  ammoiiiacal  salt  will  be  completely  decomposed.  In  like  man- 
ner the  decomposition  of  potassa  may  bo  effected  by  iron,  though  the 
affinity  of  this  metal  for  oxygen  seems  much  inferior  to  that  of  potassium 
for  oi^gcn.  If  potassa  in  the  fused  state  be  brought  in  contact  with 
metallic  iron  at  a  white  heat,  the  oxygen  is  divided  between  the  two  metals, 
and  a  portion  of  potassium  set  at  liberty.  But  as  potassium  is  volatile  at  a 
while  heat,  it  b  expelled  at  the  instant  of  reduction ;  and  thus,  by  ito 
Influence  being  withdrawn,  an  opportunity  is  given  for  the  decomposiUon  of 
an  additional  quantity  of  potassa. 
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QnuMtiiif  of  MaUer.  The  infltMOoe  of  qaantlty  of  matter  oirer  affinity  is 
uniYenalljr  admitied.  If  one  body  ▲  unites  with  another  body  b  in  several 
proportions,  that  compoond  will  be  moat  difficult  of  decompoaition  which 
ff^rn**?""  the  smalleat  quantity  of  a.  Of  the  three  oxides  of  load,  for  i  natance, 
the  peroxide  parte  moat  eajiily  with  ita  oxygen  by  the  action  of  heat;  a 
higher  temperature  ia  required  to  decompose  the  red  oxide;  and  the 
protoxide  will  bear  the  atrongeat  heat  of  our  fumaoea  without  loaing^  a 
particle  of  its  oxygen. 

The  influence  of  quantity  over  chemical  attraction  may  be  further  lllus. 
trated  by  the  phenomena  of  solntion.  When  equal  weights  of  a  aolDble  salt 
are  added  in  suoceaaion  to  a  aiven  quantity  of  water,  which  is  capaUe  of 
diaaolving  almost  the  whole  of  the  salt  employed,  the  first  portion  of  the  salt 
will  disappear  more  readily  than  the  aeoond,  the  second  than  the  third,  the 
third  than  the  fourth,  and  so  on.  The  affinity  of  the  water  for  the  saline 
Bobstanoe  diminiahes  with  each  addition,  till  at  last  it  is  weakened  to  such  a 
degree  as  to  be  unable  to  overcome  the  cohesion  of  the  salt  The  process 
then  ceaaea,  and  a  saturated  solntion  is  obtained. 

Quantity  of  matter  ia  employed  advantageously  in  many  chemical  opera- 
tiona.  If,  for  inatance,  a  chemist  is  desirous  of  separating  an  acid  fVom  a 
metallic  oxide  by  means  of  the  superior  affinity  of  potassa  for  the  former,  he 
frequently  uses  rather  more  of  the  alkali  than  is  sufficient  for  neutralizing 
the  acid.  He  takes  the  precaution  of  employing  an  excess  of  alkali,  in  order 
the  more  effectually  to  bring  every  particle  of  the  aubatanoe  to  be  deoompoaed 
in  contact  with  the  decompoaing  agent. 

But  BerthoUet  haa  attributed  a  much  greater  iofluenoe  to  quantity  of  mat- 
ter. It  was  the  baais  of  his  doctrine,  developed  in  the  Statique  Vhimique^ 
that  bodiea  cannot  be  wholly  separated  from  each  other  by  the  affinity  of  a 
third  substance  for  one  element  of  a  compound ;  and  to  explain  why  a  su* 
perior  chemical  attraction  does  not  produce  the  effect  which  might  be  ex- 
pected from  it,  he  contended  that  quantity  of  matter  compensates  for  a  weaker 
affinity.  From  the  co-operation  of  several  disturbing  causes,  BerthoUet  per- 
ceived that  the  force  of  affinity  cannot  be  estimated  with  certainty  by  observ- 
ing the  order  of  decomposition;  and  he,  therefore,  had  recourse  to  another 
method.  He  set  out  by  supposing  that  the  affinity  of  diflerent  acids  for  the 
same  alkali,  is  in  the  inverse  ratio  of  the  ponderable  quantity  of  each  which 
is  neceasary  for  neutralizing  equal  quantities  of  the  alkali.  Thus,  if  two  parts 
of  one  acid  a,  and  one  part  of  another  acid  a,  are  required  to  neutralize  equal 
quantitiea  of  the  alkali  c,  it  was  inferred  that  the  affinity  of  a  for  c  was  twice 
aa  great  as  that  of  ▲.  He  conceived,  further,  that  as  two  parts  of  a  produce 
the  aame  neutralizing  effect  as  one  part  of  a,  the  attraction  exerted  by  any 
alkali  towards  two  parts  of  a  ought  to  be  precisely  the  same  aa  for  the  one 
part  of  B ;  and  he  hence  concluded  that  there  is  no  reason  why  the  alkali 
ahould  prefer  the  small  quantity  of  one  to  the  large  quantity  of  the  other.  On 
this  he  founded  the  principle  that  quantity  of  matter  coropensatea  for  force  of 
attraction. 

BerthoUet  has  here  obviously  confounded  two  things,  namely,  force  of  at. 
traction  and  neutralizing  power,  which  are  really  different,  and  ought  to  be 
held  distinct  The  relative  weights  of  hydrochloric  and  sulphuric  acids  re- 
quired to  neutralize  an  equal  quantity  of  any  alkali,  or,  in  other  words,  their 
capacitiea  of  saturation,  are  aa  36.4  to  40,  a  ratio  which  remains  constant  with 
reapect  to  all  other  alkalies.  The  affinity  of  these  acids,  according  to  Ber. 
thoUet'a  rule,  jviH  be  expressed  by  the  same  numbers.  But  in  taking  this 
estimate,  we  have  to  make  three  asaumptions,  each  of  which  is  disputable. 
There  is  no  proof,  in  the  first  place,  that  hydrochloric  add  has  a  greater  a^ 
finity  for  an  alkali,  auch  as  potassa,  than  sulphuric  acid.  Such  an  inference 
womd  be  directly  opposed  to  the  general  opinion  founded  on  the  order  of  de- 
composition; and  though  that  order,  as  we  have  shown,  is  by  no  means  a 
aatiafectory  test  of  the  strength  of  affinity,  it  would  be  improper  to  adopt  an 
oppoaite  conclusion  without  havinijr  good  reasons  for  so  doing.  Secondly, 
were  it  estabUahed  that  hydrochlonc  acid  has  the  greater  affinity,  it  does  not 
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IbDow  that  the  attnctioii  of  those  acids  for  potaasa  is  in  the  ratio  of  36.4  to 
40.  Andf  thirdly,  sapposinif  thii  point  settled,  it  is  very  improbable  thiLt  the 
ratio  of  thor  affinities  for  one  alkali  will  apply  to  all  others ;  analogy  would 
lead  OS  to  anticipate  the  reverse.  Independently  of  these  objections,  M.  Du- 
long  has  found  that  the  principle  of  Berthollet  is  not  in  accord  with  the  results 
of  experiment 

Gramtf-r—Jhe  inflnenoe  of  ^vity  is  perceptible  when  it  is  wished  to  make 
two  substances  unite,  the  densities  of  which  are  di£forent.  In  a  case  of  sim- 
ple sdutioo,  a  larger  quantity  of  saline  matter  is  found  at  the  bottom  than  at 
the  top  of  the  liquid,  unless  the  solution  shall  have  been  well  mixed  subse- 
quenUj  to  its  formation.  In  making  an  alloy  of  two  metals  which  di£for 
noDi  one  another  in  density,  a  larger  quantity  of  the  heavier  metal  will  be 
found  at  the  lower  than  in  the  upper  part  of  the  compound ;  unless  gntii 
eare  be  taken  to  counteract  the  tendency  of  gravity  by  agitation.  This  force 
obviously  acts,  like  the  cohesive  power,  in  preventing  a  sufficient  degree  of 
approximation. 

iKpandeniU$d — ^The  influence  which  beat  exerts  over  chemical  phenomena, 
and  the  modes  in  which  it  operates,  have  been  already  discussed.  The  che- 
mical agency  of  galvanism  has  also  been  described.  The  effects  of  light 
will  be  most  conveniently  stated  in  other  parts  of  the  work.  Electricity  is 
frequently  employed  to  produce  the  combination  of  gases  with  one  another, 
and  in  some  instances  to  separate  them.  It  appears  to  act  by  the  heat  which 
it  oocssions,  and,  therefore,  on  the  same  principle  as  flame. 

MEASURE  OF  AFFINITY. 

As  the  foregoing  observations  prove  that  the  order  of  decomposition  is  not 
always  a  satisSictory  measure  of  affinity,  it  becomes  a  question  whether  there 
are  any  means  of  determining  the  comparative  forces  of  chemical  attraction. 
When  no  disturbing  causes  operate,  the  phenomena  of  decomposition  aflbrd 
a  sure  criterion ;  but  when  the  conclusions  obtained  in  this  way  are  doubtful, 
aasistanee  may  be  frequently  derived  from  other  sources.  The  surest  indi- 
cati<ma  are  procured  by  observing  the  tendency  of  different  substances  to 
tuite  with  the  same  principle,  under  the  same  circumstances,  and  subse- 
qoently  hy  marking  the  comparative  facility  of  decomposition  when  the 
eompounds  so  formed  are  exposed  to  the  same  decomposing  agent.  Thus, 
on  exposing^  silver,  lead,  and  iron,  to  air  and  moisture,  the  iron  soon  rusts, 
the  lead  is  oxidized  in  a  slight  degree  only,  and  the  silver  resists  oxidation  al- 
togeiher.  It  is  hence  inferred  that  iron  has  the  ^eatest  affinity  for  oxygen, 
lead  next,  and  silver  the  least  This  conclusion  is  supported  by  concurring 
observations  of  a  like  nature,  and  confirmed  by  the  circumstances  under 
which  the  oxides  of  those  metals  part  with  their  oxygen.  Oxide  of  silver  is 
reduced  b^  heat  only ;  and  oxide  of  lead  is  decomposed  by  charcoal  at  a  lower 
temperature  than  oxide  of  iron. 

It  is  inferred  from  the  action  of  heat  on  the  carbonate  of  potassa,  baryta, 
lime,  and  oxide  of  lead,  that  potassa  has  a  stronger  attraction  for  carbonic 
aeid  than  baryta,  baryta  than  lime,  and  lime  than  oxide  of  lead.  The  affinity 
of  different  substances  for  water  may  be  determined  in  a  similar  manner. 

Of  all  chemical  substances,  our  knowledge  of  the  relative  degrees  of  at. 
traction  of  acids  and  alkalies  for  each  other  is  the  most  uncertain.  Their 
aetioQ  OD  one  another  is  affected  by  so  many  circumstances,  that  it  is  in  most 
eases  impoaaible,  with  certainty,  to  refor  any  effect  to  its  real  cause.  The 
only  methods  that  have  been  hitherto  devised  for  remedying  this  defect  are 
those  of  BerlhoUet  and  Kirwan.  Both  of  them  are  founded  on  the  capacities 
ef  saturation,  and  the  objections  which  have  been  urged  to  the  rule  suggeslcd 
hy  the  former  philosoplier  apply  equally  to  that  proposed  by  the  latter.  But 
tab  oneertainty  is  of  no  great  consequence  in  practice.  We  know  perfectly 
the  order  of  decomposition,  whatever  may  be  the  actual  forces  by  which  it  is 
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SECTION  II. 


PROPORTIONS  IN  WHICH  BODIES  UNITE,  AND  THE 
LAWS  OF  COMBINATION. 

Tm  study  of  the  proportions  in  which  bodies  unite  naturally  resolves  itself 
into  two  parts.  The  first  includes  compounds  whose  elements  appear  to  unite 
in  a  ereat  many  proportions ;  the  second  comprehends  those,  the  elements  of 
which  combine  in  a  few  proportions  only. 

I.  The  compounds  contained  in  the  first  division  are  of  two  kinds.  la 
one,  combination  takes  place  unlimitedly  in  all  proportions ;  in  the  other,  it 
occurs  in  every  proportion  within  a  certain  limit  The  union  of  water  with 
alcohol  and  the  liquid  acids,  such  as  the  sulphuric,  hydrochloric,  and  nitric 
acids,  affords  instances  of  the  first  mode  of  combination ;  the  solutions  of  sak9 
in  water  are  examples  of  the  second.  One  drop  of  sulphuric  acid  may  be 
diffused  through  a  gallon  of  water,  or  a  drop  of  water  through  a  gallon  of  the 
acid ;  or  they  may  be  mixed  together  in  any  intermediate  proportions ;  and 
nevertheless  in  each  case  they  appear  to  unite  perfectly  with  each  other.  A 
hundred  grains  of  water,  on  the  contrary,  will  dissolve  any  quantity  of  sea- 
salt  which  does  not  exceed  forty  grains.  Its  solvent  ppwer  then  ceases,  be- 
cause  the  cohesion  of  the  solid  becomes  comparatively  too  powerful  for  the 
force  of  affinity.  The  limit  to  combination  is  in  such  instances  owing  to 
the  cohesive  power ;  and  but  for  the  obstacle  which  it  occasions,  the  salt 
would  most  probably  unite  with  water  in  every  proportion. 

All  the  substances  that  unite  in  many  proportions,  give  rise  to  compounds 
which  have  this  comnK>n  character,  that  their  elements  are  united  by  a  fee- 
ble affinity,  and  preserve,  when  combined,  more  or  less  of  the  properties 
which  they  possess  in  a  separate  state.  In  a  scientific  point  of  view,  these 
combinations  are  of  minor  importance ;  but  they  are  exceedingly  useful  as 
instruments  of  researdi.  They  enable  tlie  chemist  to  present  bodies  to  each 
other  under  circumstances  peculiarly  favourable  for  acting  with  effect :  the 
liquid  form  is  thus  communicated  to  them ;  while  the  affinity  of  the  solvent 
or  menstruum,  which  holds  them  in  solution,  is  not  sufficiently  powerful  to 
interfere  with  their  mutual  attraction. 

II.  The  most  interesting  series  of  compounds  is  produced  by  substances 
which  unite  in  a  few  proportions  only ;  and  which,  in  combining,  lose  more 
or  less  completely  the  properties  that  distinguish  them  when  separate.  Of 
these  bodies,  some  form  but  one  combination.  Thus  there  is  only  one  com- 
pound of  boron  and  oxygen,  and  of  chlorine  and  hydrogen.  Others  combine 
in  two  proportions.  For  example,  two  compounds  are  formed  by  tin  and 
oxygen,  and  by  hydrogen  and  oxygen.  Otlier  bodies  again  unite  in  three, 
four,  five,  or  even  six  proportions,  which  is  the  greatest  number  of  com- 
pounds that  any  two  substances  are  known  to  produce,  except  perhaps  car- 
bon and  hydrogen,  and  those  which  belong  to  the  first  division. 

The  combination  of  substances.that  unite  in  a  few  proportions  only,  is  re- 
gulated  by  the  three  following  remarkable  laws  :-* 

1.  The  first  of  these  laws  is,  tliat  the  composition  of  bodies  is  fixed  and 
invariable.  A  compound  substance,  so  long  as  it  retains  its  characteristic 
properties,  always  consists  of  the  same  elements  united  together  in  the  same 
proportion.  Sulphuric  acid,  for  example,  is  always  compcwed  of  sulphur  and 
oxygen  in  the  ratio  of  16  parts*  of  the  fbrmer  to  24  o£  the  latter:  no  other 
elements  can  form  it,  nor  can  it  be  produced  by  its  own  elements  in  any 
other  proportion.    Water,  in  like  manner,  is  formed  of  1  part  of  hydrogen 

*  By  the  exprcssioA  *  parts*  I  always  mean  parts  by  weight 
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•nd  8  of  oiygen;  «nd  were  these  two  elements  to  onite  in  any  ether  pro- 
portion,  aooie  new  oompoand,  different  from  water,  would  be  the  prodaet 
Tbe  same  ohseration  applies  to  all  other  substances,  however  complicated, 
and  at  whalcrer  period  they  were  produced.  Thus,  sulphate  of  baryta, 
whether  formed  am  ago  by  the  hand  of  nature,  or  quite  recently  by  the 
operations  of  the  chemist,  is  always  composed  of  40  parts  of  sulphuric  acid 
aiid  76.7  of  baryta.  This  law,  in  fact,  is  universal  and  permanent  Its  im- 
portance  is  equally  manifest :  it  is  the  essential  basis  of  chemistry,  without 
which  the  science  itself  could  have  no  existence. 

Two  views  have  been  proposed  by  way  of  accounting  for  this  law.  The 
eiplanation  new  universally  given  is  confined  to  a  mere  statement,  that  sub- 
stances are  disposed  to  combine  in  those  proportions  to  which  they  are 
so  strictly  limited,  in  preference  to  any  others ;  it  ia  regarded  as  an  nltimate 
&ct,  because  the  phenomena  are  explicable  on  no  oSier  known  principle. 
A  different  doctrine  was  advanced  by  Berthollct,  in  his  StoHque  Ckimiqut, 
puUished  in  1803.  Having  observed  the  influence  of  cohesion  and  elasticity 
in  modifying^  the  action  of  affinity  as  already  described,  he  thought  he  could 
tnoe  the  operations  of  the  same  causes  in  producing  the  efiect  at  present 
under  consideration.  Finding  that  the  solubility  of  a  salt  and  of  a  gas  in 
water  is  limited,  in  the  former  by  cohesion,  and  in  the  latter  by  elasticity, 
he  conceived  that  the  same  forces  would  account  for  the  unchangeable  com- 
positioo  of  certain  compounds.  He  maintained,  therefore,  that  within  cer- 
tain limits  bodies  have  a  tendency  to  unite  in  every  proportion ;  and  that 
oombination  is  never  definite  and  invariaUe,  except  when  rendered  so  by 
the  operation  of  modifying  causes,  such  as  cohesion,  insolubility,  elasticity, 
quantity  of  matter,  and  the  like.  Thus,  according  to  Berthdlet,  sulphate  of 
baryta  is  composed  of  40  parts  of  sulphuric  acid  and  76.7  of  baryta,  not  be- 
cause those  substances  are  disposed  to  unite  in  that  ratio  rather  than  in  an- 
other, but  because  the  compound  so  constituted  happens  to  have  great  cohe- 
■ive  power. 

These  opinions,  which,  if  true,  would  shake  the  whole  science  of  chemis- 
try to  its  foundation,  were  founded  on  observation  and  experiment,  supported 
by  aU  the  ingenuity  of  that  highly  gif\ed  philosopher.  They  were  ably  and 
■ueoessfully  combated  by  Proust  in  several  papers  published  in  the  JotirnaZ 
de  PkyMtque^  wherein  he  proved  that  the  metals  are  disposed  to  combine 
with  oxygen  and  with  sulphur  only  in  one  or  two  proportion!,  which  are 
definite  and  invariable.  The  controversy  which  ensued  between  these  emi- 
nent chemists,  is  remarkable  for  the  moderation  with  which  it  was  con- 
ducted on  both  sides,  and  has  been  properly  quoted  by  Berzelius  as  a  model 
to  controversialists.  How  much  soever  opinion  may  have  been  divided  upon 
the  question  at  that  period,  the  controversy  is  now  at  an  end.  The  great  va- 
riety of  new  fects,  similar  to  those  observed  by  Prousti  which  have  sinde 
been  established,  has  proved  beyond  a  doubt  that  the  leading  principle  of 
BerthoUet  is  erroneous.  The  tendency  of  bodies  to  unite  in  definite  propor- 
lioos  onljr,  is  indeed  so  great  as  to  excite  a  suspicion  that  all  substances 
combine  in  thij  way  ;  and  that  the  exceptions  thought  to  be  afforded  by  the 
phenomena  of  solution,  are  rather  apparent  than  real ;  for  it  is  conceivable 
that  the  apparent  variety  of  proportion,  noticed  in  such  cases,  may  arise  from 
the  mixture  or  combination  of  a  few  definite  compounds  with  each  other. 

S.  The  second  law  of  combination  is,  that  the  relative  quantities  in  which 
bodies  unite  may  be  expressed  by  proportional  numbers.  Thus,  8  parts  of 
oxygen  unite  with  1  part  of  hydrogen,  16  of  sulphur,  35.4  of  chlorine,  39.6 
of  selenium,  and  108  parts  of  silver.  Such  are  the  quantities  of  these  five 
bodies  which  are  disposed  to  unite  with  8  parts  of  oxy|ren ;  and  it  is  found 
that  when  they  combine  with  one  another,  they  unite  either  in  the  propor- 
tiofM  expressed  by  those  numbers,  or  in  multiples  of  them  according,  to  the 
third  law  of  combination.  Hydrosulphuric  acid,  for  instance,  is  composed 
of  1  part  of  hydrogen  and  16  of  sulphoc»  and  bisulphuret  of  hydrogen  of  I 
part  of  hydrogen  to  32  of  sulphur ;  35.4  of  chlorine  unite  with  1  of  hydro- 
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gen,  16  of  ■nlphur,  and  108  of  tilver ;  and  39.6  parte  of  aelMiiiim  with  1  of 
jdrogen,  and  16  of  aulpbor. 

From  the  ocourrence  of  such  proportional  nombera  has  arisen  the  me  of 
certain  terms,  as  Proportion,  Combining  Proportion,  Proportional,  and  Che- 
mical Equiwdent,  or  Equivalent,  to  express  them.  The  latter  term,  intro- 
duced by  Dr.  WoUaston,  and  which  I  shall  commonly  employ,  was  suggest- 
ed by  the  circumstance  that  the  combining  proportion  of  one  body  Is,  as  it 
were,  equivalent  to  that  of  another  body,  and  may  be  substituted  for  it  in 
combination.  At  page  141  will  be  found  a  table  of  the  equivalents  of  ele- 
mentary substances. 

This  law  does  not  apply  to  Momentary  substances  only,  since  oompeond 
bodies  have  their  combining  proportions  or  equivalents,  which  may  likewise 
be  expressed  in  numbers.  Thus,  since  water  is  composed  of  one  equivalent 
or  6  parts  of  oxygen,  and  one  equivalent  or  1  of  hydrogen,  its  combining 
proportion  or  equivalent  is  9.  The  equivalent  of  sulphuric  acid  is  40,  be> 
cause  it  is  a  compound  of  one  equivalent  or  16  parts  of  sulphur,  and  three 
equivalents  or  24  parts  of  oxygon ;  and  in  like  manner,  the  combining  pro- 
portion of  hydrochloric  acid  is  36.4,  because  it  is  a  compound  of  one  equiva- 
lent or  35.4  parts  of  cblorine,  and  one  equivalent  or  1  part  of  hydrogen.  The 
equivalent  number  of  potassium  is  39,  and  as  that  quantity  combines  with  6 
of  oxygen  to  form  potassa,  the  equivalent  of  the  latter  is  39+8=s47.  Now 
when  these  compounds  unite,  one  equivalent  of  the  one  combines  vnih  one, 
two,  three,  or  more  equivalents  of  the  other,  precisely  as  the  simple  sub- 
stances da  The  hydrate  of  potassa,  for  example,  is  constituted  of  47  parts  of 
potaasa  and  9  of  water,  and  its  equivalent  is  consequently  474-9,  or  56.  The 
sulphate  of  potassa  is  composed  of  40  sulphuric  acid4-47  potassa ;  and  the 
nitrate  of  the  same  alkali  of  54  nitric  acid4-47  of  potassa.  The  equivalent 
of  the  former  salt  is,  therefore,  87,  and  of  the  latter  101. 

The  composition  of  the  salts  affords  a  very  instructive  illustration  of  this 
subject ;  and  tp  exemplify  it  still  further,  a  Ust  of  the  equivalents  of  a  few 
acids  and  alkaline  bases  is  annexed : — 


Hydrofluoric  acid 
Phosphoric  acid 

19.7 

35.7 

Hydrochloric  acid 

36.4 

Sulphuric  acid 

40 

Nitric  acid 

54 

57.7 

Selenic  acid 

63.6 

Lithia 

18 

Magnesia 

20.7 

Lime 

28.5 

Soda 

31.3 

Potassa 

47 

Strontia 

51.8 

Baryta 

76.7 

It  will  be  seen  at  a  glance  that  the  neutralizing  power  of  the  different  alka- 
lies is  very  different ;  for  the  equivalent  of  each  base  expresses  the  quantity 
required  to  neutralize  an  equivalent  of  each  of  the  acids.  Thus  18  of  litlua, 
31.3  of  soda,  and  76.7  of  baryta,  combine  with  54  of  nitric  acid,  forming  the 
neutral  nitrates  of  lithia,  soda,  and  baryta.  The  same  fact  is  obrious  with 
respect  to  the  acids ;  for  35.7  of  phosphoric,  40  of  sulphuric,  and  57.7  of 
arsenic  acid  unite  with  76.7  of  baryta,  forming  a  neutral  phosphate,  sul- 
phate, and  arseniate  of  baryta. 

These  circumstances  afford  a  ready  explanation  of  a  curious  fact,  first 
noticed  by  the  Saxon  chemist  Wenzel ;  namely,  that  when  two  neutral  salts 
mutually  decompose  each  other,  the  resulting  compounds  are  likewise  necu 
tral.  Tiie  cause  of  this  fact  is  now  obvious.  If  713  parts  of  neutral  sul- 
phate of  soda  are  mixed  with  130.7  of  nitrate  of  baryta,  the  76.7  parts  of 
baryta  unite  with  40  of  sulphuric  acid,  and  the  54  parts  of  nitric  acid  of  the 
nitrate  combine  with  the  31.3  of  soda  of  the  sulphate,  not  a  particle  of  add 
or  alkali  remaining  in  an  uncomUned  condition. 

Balpliata  of  Soda.  Nitrate  «f  Barfta. 

Sulphuric  add        40  54     Nitric  acid. 

Soda  31.3  76.7  Baryta. 

in  lloj 
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Hydrogen 
Do. 

1 

I 

"^ijrili 

1 

a 

Carbon 

6 

Do.      «>! 
Do.     1653 

Do. 

6 

Nitroiren 

14 

Do.      81 

1 

Do! 

14 

Do.    16 

2 

Do. 

14 

Do.    24 

3 

Do. 

14 

Do.    32 

4 

Do. 

14 

Do.    4UJ 

5 

'It  mlftBra  not  whether  move  or  less  than  71.3  porta  of  eulplttte  of  eoda 
ue  added;  for  if  more,  a  small  quantity  of  solpbate  of  soda  will  remain  in 
nltttioD ;  if  lem,  nitrate  of  baryta  will  be  in  exoees;  bat  in  either  case  the 
neutrality  will  be  unafifected. 

3.  The  third  law  of  combination  is,  that  when  one  body  a  unites  with 
another  body  a  in  two  or  more  proportions,  the  qoantities  of  the  latter, 
nnited  with  the  same  quantity  of  the  former,  bear  to  each  other  a  Tory  sim- 
pie  ratia  The  progress  of  chemical  research,  in  discovering  new  com- 
pooods  and  ascertaining  their  exact  composition,  has  shown  that  these  ratios 
of  B  may  be  represented  by  one  or  other  of  the  two  following  series: — 
1st  Series,  a  unites  with  1,  2,  3,  4,  5,  dec  of  b. 
2d  Series,    a  unites  with,  1,  U,  2,  2^,  &c.  of  a. 

The  first  series  is  exemplified  by  the  subjoined  compounds. — 

Water  is  composed  of 

BinoxJde  of  hydrogen 

Carbonic  oxide 

Csrbooie  acid 

Nitrous  oxide 

Nitric  oxide 

Hypooitrous  acid 

Nitrous  add 

Nitric  acid 

It  is  obvious  that  in  all  these  eompoonds  the  ratios  of  the  oxygen  are  ex- 
jwissid  by  whole  numbers.  In  water  the  hydrogen  is  combined  with  half 
as  much  oxygen  as  in  the  binoxide  of  hydrogen,  so  that  the  ratio  is  as  1  to 
SL  Hie  same  relation  liolds  in  carbonic  oxide  and  carbonic  acid.  The 
oxygen  in  the  compounds  of  nitrogen  and  oxygen  is  in  the  ratio  of  1,  2,  3, 
4,  and  5.  In  like  manner  the  ratio  of  sulphur  in  the  two  sulphoreta  of 
mercury,  and  that  of  chlorine  in  the  two  chlorides  of  mercury,  is  as  1  to  2. 
So,  In  bicarbonaie  of  potassa,  the  alkali  is  united  with  twice  as  much  car- 
booic  acid  as  in  the  carbonate;  and  the  acid  of  the  three  oxalates  of  potassa 
ia  in  the  ratio  of  1, 2,  and  4. 

The  following  compounds  exemplify  the  second  series : — 

Protoxide  of  iron  consists  of  Iron  28 

Peroxide  .    Do.  28 

Protoxide  of  manganese  Manganese 

Seequioxido  .    Do. 

Binoxide  .    Do. 

Arsenious  acid  Arsenic 

Arsenic  acid  Da 

Hypophosphorous  acid  .    Phosphorus 

Phosphorous  acid  .    Do. 

Phosphoric  acid  .    Do. 

Both  of  these  series,  which  together  constitute  the  third  law  of  combt. 
nalkii,  result  naturally  from  the  operation  of  the  second  law.  The  first 
series  arises  from  one  equivalent  of  a  body  uniting  with  1,  2,  3,  or  more 
equivalents  of  another  body.  The  second  series  is  a  consequence  of  two 
equivalents  of  one  substance  combining  with  3,  S,  or  more  equivalento  of 
another.  Thus  if  two  equivalenta  of  phosphoruN  unite  both  with  3  and  with 
5  equivalents  of  oxygen,  we  obtain  the  ratio  of  1^1  to  2^ ;  and  should  one 
equivalent  of  Iron  combine  with  one  of  oxygen,  and  another  compound  be 
firmed  <if  two  equivalents  of  iron  to  three  of  oxygen,  then  the  oxygen  united 
with  the  same  weight  of  iron  would  have  the  ratio,  as  in  the  taUe,  of  1  to 
1^  The  compounds  of  mangiinese  and  phosphorus  with  oxygen  afford  ex. 
amplcMof  the  same  nature.  Still  more  complex  arrangements  will  be  readily 
eoneeived,  such  as  3  equivalents  of  one  substance  to  4«  5,  or  more  of  another. 
But  it  is  remarkable  that  combinations  of  the  kind  are  very  rare ;  and  even 
their  exiaienoe,  though  theoretically  possible,  has  not  been  decidedly  esU- ' 

12« 


Oxygen  8  i  1 
Do.    12^14 

'i 


27.7 

Do. 

8 

27.7 

Do. 

12 

27.7 

Do. 

16 

37.7 

Do. 

12 

37.7 

Da 

20 

15.7 

Da 

4 

15.7 

Da 

12 

15.7 

Da 

20 
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Ukhed  Even  •ome  of  the  eompounds  which  are  ntittlly  iwlirfad  in  fhe 
Mcond  MTiei  beloogr  properly  to  the  firat  The  red  oxide  of  lead,  fiir  in. 
■tenoe,  ai^Mart  in  its  chemical  relatione  not  lo  much  as  a  direct  compound 
of  lead  and  ozyeen,  but  as  a  kind  of  salt  formed  by  the  union  of  the  bin- 
oxide  of  lead  with  the  protoxide  of  the  sune  metal.  On  this  sapposition 
the  two  other  oxides  belong  to  the  first  series. 

The  merit  of  establishinjr  the  first  law  of  combination  seems  justly  due 
to  Wenzel,  a  Saxon  chemist ;  and  the  second  law  is  also  deducible  from  his 
experiments  on  the  oomposition  of  the  salts.  His  work,  entitled  Lthre  4er 
VerwandUhaft^  was  published  in  1777.  Bergmann  and  Rtchter,  a  few 
years  after,  confirmed  the  observations  of  Wenzel,  though  without  adding 
materially  in  the  way  of  generalization.  The  late  Mr.  Ilig^im^  also,  in 
1789,  speculated  on  the  atomic  constitution  of  compound  bodies  in  a  man- 
mer  which,  if  pursued,  would  have  led  to  the  discovery  of  Dalton.  It  Is  to 
the  latter,  science  is  indebted  for  deducing  from  the  scattered  fiicts  which 
had  been  previously  collected,  a  theory  of  chemical  union,  embracing  the 
whole  science,  and  giving  it  a  consistency  and  form  which  before  his  time  it 
had  never  possessed.  In  his  hands  the  second  law  of  combination  first  at- 
tained its  full  generality;  but  the  discovery  which  is  more  peculiarly  his 
own,  is  that  part  of  the  third  law  of  combination  which  is  contained  in  the 
first  of  the  two  series  above  mentioned.  The  first  public  announcement  of 
his  views  appears  to  have  been  made  to  the  Philosophical  Society  of  Man- 
chester in  1803 ;  and  in  1808  they  were  explained  in  his  New  System  of 
Chemical  Philosophy.    In  the  same  year  Dr.  WoUasion  and  Dr.  Thomaon 

give  their  evidence  in  support  of  the  new  doctrine,  and  other  chemists  have 
llowed  in  the  same  path  of  inquiry.  But  of  all  who  have  successfiilljr  la- 
boured in  establishing  the  laws  of  combination,  the  most  splendid  oontribu* 
tion  is  that  of  the  celebrated  Berzelius.  Struck  with  the  perusal  of  the 
works  of  Richter,  he  commenced  in  1807  an  investigation  into  the  laws  of 
definite  proporlioo.  Since  that  period  his  labours  in  this  imoortant  field 
have  been  incessant,  and  every  department  of  the  science  has  been  enrich- 
ed by  his  skill  and  indefatigable  industry.  Wliether  we  look  Co  pneumatic 
chemistry,  to  the  chemical  history  of  the  metals  and  of  the  salts,  or  to  the 
composition  of  minerals,  we  are  alike  indebted  to  Berzelius.  In  all  has  he 
traced  the  laws  of  definite  proportion,  and,  by  a  multitude  of  exact  analyses, 
given  to  the  laws  of  combination  that  certainty  which  accumulated  Acts  can 
alone  convey. 

The  utility  of  being  acquainted  with  these  important  laws  is  almost  too 
manifest  to  require  mention.  Through  their  aid,  and  by  remembering  the 
equivalents  of  a  few  elementary  substances,  the  composition  of  an  extensive 
range  of  compound  bodies  may  be  calculated  with  facility.  Thus,  by  know- 
ing that  6  is  the  equivalent  of  carbon  and  8  of  oxycfen,  it  is  easy  to  recollect 
the  composition  of  carbonic  oxide  and  carbonic  acid ;  the  first  consisting  of 
6  parts  of  carbon  -f-  8  of  oxygen,  and  the  second  of  6  carbon  -{-  \i  of 
oxygen.  The  equivalent  of  potassium  is  39;  and  potassa,  its  protoxide,  is 
composed  of  39  of  potassium  -{-  8  of  oxygen.  From  these  few  data,  we 
know  at  once  the  composition  of  carbonate  and  bicarbonate  of  potassa;  the 
former  being  composed  of  22  parts  of  carbonic  acid  -f"  ^7  potassa,  and  the 
latter  of  44  carbonic  acid  4-  47  potassa.  This  method  acts  as  an  artificial 
memory,  the  advantage  of  which,  compared  with  the  common  practice  of 
stating  the  composition  in  100  parts,  will  be  manifest  by  inspecting  the  fol- 
lowing quantities,  and  attempting  to  recollect  thcuL 

Carbonic  Oxide.  Carbooie  Acid. 

Carimn  42.86 ^SH 

Oxygen  57.14        ....        72.73 

Cacbosate  of  Fotsaia.  Biearbonate  of  Potassa. 

Carbonic  add     31.43        ....        47.83 
PntaM  6a57       ....       52a7 
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IVoim  llie  flune  dataf  ealeolatioiia,  wliieh  would  otfaerwue  be  diBlioHlt  or 
tedksaB,  may  be  nnde  npidij  and  wilk  ease,  witfaoot  reference  to  booki,  and 
freqyuUy  by  a  eimple  mental  ptooesB.  The  exact  quantitiee  of  snbelaBcea 
reqvired  to  produce  a  given  effect  may  be  determined  with  certainty,  tfam 
aifiirdiBg  inibrmation  which  is  often  necessary  to  the  eucoess  of  clleIBio^ 
processes,  and  of  great  conseqaenoe  both  in  the  practice  of  the  chemical 
aits,  and  in  the  operations  of  pliannacy. 

The  sune  knowledge  afibrds  a  good  test  to  the  analyst  by  whidi  he  ma^ 
jiK^e  of  the  accuracy  of  his  resaR,  and  eren  sometimes  correct  an  analysis 
Jrtuch  he  has  not  the  means  of  perfi>rming  with  rigid  precision.  Thus  a 
power6il  argument  fi>r  the  accuracy  of  an  analysis  is  derived  from  the  cor- 
respondenoe  of  its  result  with  the  laws  of  chemical  onion.  On  the  contrary, 
if  it  farm  an  exception  to  them,  we  are  antboriaed  to  regard  it  as  doubtfiu ; 
and  may  hence  be  led  to  detect  an  error,  the  existence  of  which  might  not 
otherwise  hare  been  suspected.  If  an  oxidised  body  be  found  to  contain 
one  equivalent  of  the  combustible  with  7.99  of  oxygen,  it  is  fair  to  infer  that 
8,  or  one  equivalent  of  oxygen,  would  have  been  the  result,  had  the  analysis 
been  perfect. 

The  composition  of  a  substance  may  sometimes  be  determined  by  a  eal- 
eulation,  ibunded  on  the  laws  of  chemioal  union,  before  an  analysis  of  it  has 
been  aceonapiished.  When  the  new  alkali  lithia  was  first  discovered,  che- 
miats  did  not  possess  it  in  sufficient  quantity  for  determining  its  constitution 
analytically,  fiat  the  neutral  sulphates  of  the  alkalies  and  alkaline  earths 
are  known  to  be  composed  of  one  equivalent  of  each  constituent,  and  tbo 
oxides  to  contain  one  equivalent  of  oxygen.  If  it  be  found,  therefore,  by 
analysis,  that  neutral  sulphate  of  lithia  is  composed  of  40  parts  of  sulphuric 
acid  and  18  of  lithia,  it  may  be  inferred,  since  40  is  one  equivalent  of  the 
acid,  that  18  is  the  equivalent  for  lithia ;  and  that  this  oxide  is  formed  of  8 
parts  of  oxygen  and  10  of  lithium. 

The  method  of  determining  equivalent  numbers  will  be  anticipated  from 
what  has  already  been  said.  The  commencement  is  made  by  carefully  ana- 
lyxing  a  definite  compound  of  two  simple  substances  which  possess  an  ex- 
tensive range  of  affinity.  Thus  water,  a  compound  of  oxygen  and  hydrogen, 
is  fixind  to  contain  8  parts  of  the  former  to  1  of  the  latter ;  and  if  it  be  as^ 
aumcd  that  water  oonsiats  of  one  equivalent  of  oxygen  and  one  of  hydrogen, 
the  relative  weights  of  these  equivalents  will  be  as  8  to  1.  The  chemist  Sien 
selects  for  analysis  such  compounds  as  he  believes  to  contain  one  equivalent 
of  each  element,  in  wliich  either  oxygen  or  hydrogen,  but  not  botii,  is  pre- 
sent  Carbonic  oxide  and  hydrosulphuric  acid  are  suited  to  his  purpose :  as 
the  former  consists  of  8  parts  of  oxygen  and  6  of  carbon,  and  the  latter  of  1 
part  of  hydrogen  and  16  of  sulphur,  the  equivalent  of  carbon  is  inferred  to 
he  6,  and  that  of  sulphur  16.  The  equivalents  of  all  the  other  elements  may 
be  determined  in  a  similar  manner. 

In  researches  on  chemical  equivalents  there  are  two  kinds  of  difficulty, 
one  involved  in  the  processes  for  ascertaining  the  exact  composition  of  oom« 
pounds,  and  the  other  in  the  selection  of  the  compounds  which  contain  sin- 
gle  equivalenls.  Important  general  precautions  m  the  experimental  part  of 
the  subject  are  the  fiiUowirrg : — 1,  to  exert  scrupulous  care  about  the  purity 
of  materials;  2,  to  select  methods  which  consist  of  a  few  simple  operations 
ooly ;  3,  to  repeat  experiments,  and  with  materials  prepareid  at  different 
times ;  4,  to  arrive  at  the  same  conclusion  by  two  or  more  processes  inde- 
pendent  of  each  other.  In  the  selection  of  compounds  of  single  equivalents, 
there  are  several  circumstances  calculated  to  direct  the  judgment : — 

1.  If  tvro  Buhstanoes  combine  in  several  proportions,  the  law  of  multiples 
vtmaaiBj  mttteia  the  electro-negative  element  of  a  compound.  Thus,  in  the 
5  compounds  <if  nitrogen  and  oxygen,  in  which  oxygen  is  the  negative  ele* 
nent,  14  puts  of  nitrogen  are  united  with  8, 16,  £4,  33,  and  ^0  parts^of 
oxygen;      ■  -..       -  .     .«    _^_-x.      - 
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chemiBt  always  to  aearch  among  the  oxidei  of  the  Mine  dement  for  the  lowest 
grade  of  oxidation,  and  in  moat  casea  to  consider  it  as  a  compoand  of  single 
eqoivaleuts.  In  some  instances,  however,  the  second  degree  of  oxidation  is 
formed  of  single  equivalents,  while  the  lowest  oxide  consists  of  two  eqiuTa- 
lents  of  the  positive  element  and  one  of  oxy^n.  Such  compounds  axe  call- 
ed dioxideB  (page  124)  and  sometimes  9ubox%de9. 

2.  Metallic  oxides,  distingubbed  for  strong  alkalinity  or  for  acting  as 
stronr  alkaline  bases,  are  always  protoxides.  Dioxides  rarely,  if  ever,  unite 
defimtely  with  acids,  and  are  remarkable  for  their  ready  conversion  into 
protoxides  with  separation  of  metal.  If  the  same  metal  yield  several  oxides, 
the  protoxide  is  the  strongest  base ;  the  highest  grade  of  oxidation  is  fre- 
quently an  acid,  and  the  intermediate  oxides  are  in  general  little  distin- 
giiished  either  for  alkalinity  or  acidity.  Protoxides  usiully  resist  decompo- 
sition more  obstinately  than  other  oxides. 

3.  When  a  metal  forms  two  oxides,  the  oxygen  of  which  is  in  the  ratio  of 
I  to  l|,*the  first  is  usually  the  protoxide,  and  ue  second  a  compound  of  two 
equivalents  of  the  metal  to  three  of  oxygen.  The  oxides  of  iron  and  nickel 
are  examples. 

4.  If  two  compounds  resemble  each  other  in  their  modes  of  combination,  it 
is  a  strong  presumption  that  their  constitution  is  similar.  Alumina  and  the 
peroxide  of  iron  are  remarkably  allied  in  their  chemical  relatione;  and  hence 
it  is  inferred,  since  the  latter  consists  of  two  eq.  of  iron  and  three  eq.  of  oxy- 
gen, that  the  former,  whose  composition  would  otherwise  be  very  doubtful,  is 
composed  of  two  eq.  of  aluminium  and  three  eq.  of  oxygen. 

5.  Mitscherlich  has  found,  as  is  more  fully  stated  in  the  article  on  crys- 
tallization, that  certain  compounds  which  resemble  each  other  in  composi- 
tion and  in  their  modes  of  combining,  are  likewise  disposed  in  crystaUizing 
to  affect  the  same  form.  Hence  it  is  a  strong  presumption  that  compoun£ 
which  are  analogous  both  in  their  crystalline  figure  and  modes  of  combin- 
ing, are  also  similar  in  tbeir  composition.  In  Uie  oxide  and  acid  of  chro- 
mium, the  oxygen  is  in  the  ratio  1  to  2,  and  hence  it  was  at  first  supposed 
that  one  eq.  of  chromium  was  united  in  the  oxide  with  one  eq.  and  in  the 
acid  with  two  equivalents  of  oxygen.  But  the  chromates  resemble  the  sul- 
phates in  form  and  modes  of  combining,  and  the  oxide  of  chromium  bears 
the  same  analogy  to  alumina  and  peroxide  of  iron.  The  inference  is  that 
oxide  of  chromium  consists  of  two  eq.  of  chromium  and  three  eq.  of  oxygen, 
and  chromic  acid  of  one  eq.  of  chromium  and  three  eq.  of  oxygen. 

6.  Another  guide  in  these  inquiries  is  derived  from  the  relation  traced  by 
Dulong  and  Petit  between  the  equivalent  of  a  body  and  its  specific  heat  The 
coincidences  pointed  out  at  page  35  are  sufficientlv  numerous  to  show  an 
interesting  relation  which  is  sometimes  useful  in  selecting  between  doubtful 
numbers ;  but  the  instances  of  failure  are  at  present  too  frequent  to  admit 
of  this  principle  being  used  except  with  much  caution. 

7.  The  ready  decomposition  by  galvanism,  observed  by  Mr.  Faraday,  of 
compounds  which  consist  of  single  equivalents,  and  tbe  resistance  to  the 
same  agent  of  many  others  not  so  constituted,  promises  to  become  an  indi- 
cation  of  great  value  in  determining  equivalent  numbers.  The  facts  as  yet 
known  respecting  it  will  be  found  in  the  section  on  galvanism. 

8.  Great  light  is  often  thrown  on  the  chemical  constitution  of  a  compound 
bv  a  knowledge  of  the  fioLumtB  of  the  substances  of  which  it  is  composed. 
Thu  subject,  however,  will  be  discussed  in  an  after  part  of  this  section. 

Since  the  equivalents  merely  express  the  relative  quantities  of  different 
substances  which  combine  together,  it  is  in  itself  immaterial  what  figures 
are  empbyed  to  express  them.  The  only  essential  point  is,  that  the  reUtioa 
should  be  strictly  observed.  Thus,  the  equivalent  of  hydrogen  may  be  ss- 
somed  as  10;  but  then  oxygen  most  be  80,  carbon  60,  and  sulphur  160. 
We  may  call  hydrogen  100  or  1000 ;  or,  if  it  were  desirable  to  perplex  the 
sobject  as  much  as  possible,  some  high  uneven  number  might  be  selected, 
provided  the  due  relation  between  tlie  different  numbers  were  fiuthfblly  pre- 
servsd.    fiat  such  a  practice  would  effsetoally  do  away  with  the  advanlsg* 
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mbo9e  ucribed  to  the  me  of  eqaivalents ;  and  it  is  the  oliject  of  every  one  to 
employ  such  u  ue  Bim|ile,  that  their  relation  may  be  perceived  by  mere  in- 
■peetioii.  Dr.  Thomson  makes  oxygen  1,  so  that  hydrogren  is  eight  times 
ieas  than  nni^,  or  0.125,  carbon  0.75,  and  sulphur  2.  Dr.  WoUaston,  in  his 
■cale  of  ehemioal  equivalents,  estimated  oxygen  at  10 ;  and  hence  hydrogen 
is  1.25,  carbon  7.5,  and  so  on.  According  to  Berzelius,  oxygen  is  100.  And 
lastly,  several  other  chemists,  sndi  as  Duton,  I^vy,  Henry,  and  others,  ae- 
leeted  hydrogen  as  their  unit;  and,  therefore,  the  equivalent  of  oxygen  is  8l 
One  of  these  series  may  easily  be  reduced  to  either  of  the  others  by  an  ob^ 
vjoos  and  simple  calculation.  The  numbers  adopted  in  this  work  refer  to 
hydrogen  as  unity,  and  are  given  in  the  subjoined  table. 

CHEMICAL  EQUIVALENTS  OF  ELEMENTARY  SUBSTANCES, 


Elements. 

Equivalents. 

Elements. 

Equivalents. 

Elements. 

Equivalents. 

AJuminium 

13.7 

Gold.    .    . 

199.2 

Potassium 

39.15 

Antimony 

64.6 

1 

Rhodium 

52Si 

Arsenic   . 

37.7 

Iodine    .    . 

126.3 

Selenium 

39.6 

Barium   . 

68.7 

Iridium 

98.8 

Silicium 

7.5 

Bismuth 

71 

Iron  .    .    . 

28 

Silver     . 

108 

Boron 

10.9 

Lead      .    . 

103.6 

Sodium  . 

23.3 

Biomine 

7a4 

Lithium     . 

10 

Strontium 

43.8 

Cadmiam 

55.8 

Magnesium 

12.7 

Sulphur . 

16.1 

CUciom 

20.5 

Manganese 

27.7 

Tellurium 

32.3 

Carbon    . 

6.12 

Mercury     . 

202 

Thorium 

59.6 

Cerium    . 

46 

Molybdenum 
Nickel   .    . 

47.7 

Tin    .    . 

57.9 

Chlorine 

35^ 

29.5 

Titanium 

24.3 

Cfaromiom 

28 

Nitrogen     . 

14.15 

Tungsten 

99.7 

CobaH      . 

29i> 

Osmium     . 

99.7 

Vanadium 

68.5 

Colnmbiam 

185 

Oxygen 
Palladium  . 

8 

Uranium 

217 

Copper     . 

31.6 

53.3 

YUrium 

32i2 

Flaorine 

ia68 

15.7 

Zinc  .     . 

32.3 

Giuciniom 

17.7 

Platinum    . 

98.8 

Zirconium 

33.7 

Hie  preceding  table  is  constructed  principally  from  the  published  tables 
of  Beneliuii,  and  partly  from  fiicts  supplied  by  my  own  researches.  The  hy. 
pothesis  that  all  equivalent  numbers  are  simple  multiples  of  the  equivalent 
of  hydrogen,  has  been  elsewhere  shown  to  be  untenable.  (PhiL  Trans.  1833, 
Part  ii.  page  523.)  Whenever  the  experimental  quantity  is  nearly  a  whole 
number,  the  last  may  for  many  purposes  be  used  as  a  simScient  approxima* 
tim ;  and,  accordingly,  for  such  elements  as  carbon,  sulphur,  nitrogen,  and 
potassimn,  which  are  often  referred  to  in  the  way  of  illustration,  I  have  gen» 
enStr  adopted  round  numbers,  as  being  shorter  and  more  easily  remember* 
ed  than  fractions.  But  on  all  occasions  where  exact  calculations  are  coo* 
eemed,  the  numbers  given  in  the  table  should  be  employed. 

The  osefVil  instrument,  known  by  the  name  of  the  ScaU  of  CAemieal 
CfvoNi^nifs,  was  originally  derised  by  Dr.  Wollaston,  and  is  a  table  of 
equivalents,  comprehending  all  those  substances  which  are  most  frequently 
employed  by  chemists  in  the  laboratory;  and  it  only  differs  from  other 
tabular  arrangements  of  the  same  kind,  m  the  numbers  being  attached  to  a 
sliding  rule,  which  is  divided  according  to  the  principle  of  that  of  Gunter. 
fVom  the  mathematical  construction  of  the  scale,  it  not  only  serves  the 
ttflM  pnrpoee  as  other  tables  of  equivalents,  but  in  many  instances  super* 
sedee  the  neoeaeity  of  calculation.  Thus,  by  inspeetinff  the  common  table 
of  eqaivalenta,  we  learn  that  87  parts,  or  one  equivi3ent,  of  sulphate  of 
pBtasia  ooDtaitt  40  parts  of  sulphuric  aoid  and  47  of  potassa;  bat  recourse 
mil*  be  bad  to  ealeulatioD,  when  it  is  wished  to  determine  the  quantity  of 
adder  ilk^  in  any  other  qvanlity  of  the  salt    This  knowledge^  on  the 
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oontnry.  It  obUined  directly  by  means  of  the  scale  of  diemical  equivalents. 
For  example,  on  {niahing  up  the  slide  until  100  marked  upon  it  is  in  a  line 
with  the  name  siUphate  of  potassa  on  tlie  fixed  part  of  the  scale,  the  numbers 
opposite  to  the  terms  sulphuric  acid  and  potassa  will  give  the  precise  quan- 
tity of  each  contained  in  100  parts  of  the  compound.  In  the  original  scale 
of  Dr.  Wollaston,  for  a  particular  account  or  which  I  mar  refer  to  the 
Philosophical  Transactions  for  1814,  oxygen  is  taken  as  the  standard  of 
comparison;  but  hydrogen  may  be  selected  for  that  purpose  with  equal 
propriety,  and  scales  of  this  kind  have  been  prepared  for  sale  by  Dr.  BosweU 
K^id  of  Edinburgh.  A  yery  complete  scale  of  equivalents  has  been  drawn 
up  by  Mr.  Prideaux  of  Plymouth.  (Phil.  Mag.  and  Annals,  vui.  430.; 

ATOMIC  THEORY. 

The  brief  sketch  which  has  been  given  of  the  laws  of  combination,  will, 
I  truBt,  serve  to  set  in  its  true  light  the  importance  of  that  department  of 
chemical  science.  It  is  founded,  as  may  have  been  seen,  on  experiment  alone ; 
and  the  laws  which  have  been  stated  are  the  mere  expression  offset  It  is  not 
neoessarily  connected  with  any  speculation,  and  may  be  kept  wholly  free 
from  it  The  error  which  students  of  chemistry  are  apt  to  commit  in 
supposing  that  the  laws  of  combination  involve  something  uncertain  or 
hypothetical,  may  easily  be  traced  to  its  source.  It  was  impossible  to 
reflect  on  the  regularity  and  constancy  with  which  bodies  obey  these  laws, 
without  speculating  about  the  cause  of  that  regularity :  and,  consequently, 
the  facts  themselves  were  no  sooner  noticed  tl^  an  attempt  was  made  to 
explain  them.  Accordingly,  when  Dr,  Dalton  published  his  discovery  of 
those  laws,  he  at  once  incorporated  the  description  of  them  with  his  notion 
of  their  physical  cause,  and  even  expressed  the  former  in  language  suggested 
by  the  latter.  Since  that  period,  though  several  British  chemists  of  eminence, 
and  in  particular  Wollaston  and  Davy,  recommended  and  practised  an  oppo- 
site  course,  both  subjects  have  been  too  commonly  comprised  under  the 
he«d  of  atamie  theory  ;  and  hence  it  has  often  happened  that  beginners  have 
rejected  the  whole  as  hypothetical,  because  they  coukl  not  satisfactorily 
distinguish  those  parts  which  are  founded  on  fact,  from  those  which  are 
conjectural.  All  such  perplexity  would  have  been  avoided,  and  this  depart, 
ment  of  the  science  have  been  far  better  understood,  and  its  value  more 
justly  appreciated,  had  the  discussion  concerning  the  atomic  constitution  of 
bodies  been  always  kept  distinct  from  that  of  the  phenomena  which  it  is 
intended  to  explain.  When  employed  in  this  limited  sense,  the  atomic 
theory  may  be  discussed  in  a  few  words. 

Two  opposite  opinions  have  long  existed  concerning  the  ultimate  dements 
of  matter.  It  is  supposed,  according  to  one  party,  that  every  particle  of 
matter,  however  small,  may  be  divided  into  smaller  portions,  provided  our 
instruments  and  organs  were  adapted  to  the  operation.  Their  opponents 
contend,  on  the  other  hand,  that  matter  is  composed  of  certain  ultimate 
particles  or  molecules,  which  by  their  nature  are  indivisible,  and  are  benoe 
termed  atoma  (from  «  not  and  ti^f iir  to  eiU).  These  opposite  opinions  have 
from  time  to  time  been  keenly  contested,  and  with  variable  success,  accord- 
ing to  the  acuteness  and  ingenuity  of  their  respective  champions.  But  it 
was  at  last  perceived  that  no  positive  data  existed  capable  of  deciding  the 
question,  and  its  interest,  therefore,  gradually  declined.  The  progress  of 
modern  chemistry  has  revived  the  sreneral  attention  to  thia  controversy,  by 
affording  a  far  stronger  argument  m  favour  of  the  atomic  constitution  of 
bodies  than  was  ever  advanced  before,  and  one  which  I  conceive  is  almost 
irresistible.  We  have  only  in  fact  to  assume  with  Dalton,  that  all  bodies 
are  composed  of  ultimste  atoms,  the  weight  of  which  is  different  in  different 
kinds  of  matter,  and  we  explain  at  once  the  foregoing  laws  of  chemical 
onion ;  and  this  mode  of  reasoning  is  in  the  present  case  almost  decisive, 
because  the  phenomena  do  not  appear  explicable  on  any  other  supposition. 

According  to  the  atomic  theory,  every  compound  is  formed  of  the  atoma 
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of  iU  ocMMdtiMiite.  An  stom  <if  A  may  onite  with  one,  two,  three,  or  mora 
aloma  of  B.  Thu,  Buppoting  water  to  be  eompoeed  of  one  atom  of  hy«iro. 
I^en  and  one  atom  of  oxygen,  binozide  of  hydrogen  will  coosiit  of  one  atom 
of  hydrogen  and  two  atoms  of  oxygen.  If  earmmic  oxide  ia  formed  of  one 
atom  of  carbon  and  one  atom  of  oxygen,  carbonic  acid  will  conaiet  of  one 
atom  of  carbon  and  two  atoms  of  oxygen. 

li;  in  the  oompoanda  of  nitrogen  and  oxygen  enumerated  at  page  137,  the 
first  or  protoxide  consist  of  one  atom  of  nitrogen  and  one  atom  of  oxygen, 
the  Ibor  others  will  be  regarded  as  compounds  of  one  atom  of  nitrocfen  to 
two^  three,  four,  and  five  atoms  of  oxyg^en.  From  these  instances  it  will 
appear,  that  the  law  of  multiple  proportion  is  a  necesaary  consequence  of 
the  atomic  theory.  There  is  also  no  apparent  reason  why  two  or  more 
stoma  of  one  substance  may  not  combine  with  two,  three,  four,  five,  or  more 
atoma  of  another ;  but,  on  the  contrary,  theae  arrangements  are  necessary 
in  explanation  of  the  not  unfrequent  occurrence  of  half  equivalents,  as  for. 
merly  stated.  (Page  137.)  Such  combinations  will  also  account  for  the 
eomfdicated  proportion  noticed  in  certain  compounds,  especially  in  many  of 
those  belonging  to  the  animal  and  vegetable  kingdoms. 

In  ooooeqoenoe  of  the  satisfactory  exphmation  which  the  laws  of  chemical 
union  receive  by  means  of  the  atomic  theory,  it  has  become  customary  to 
employ  the  term  atom  in  the  same  sense  as  combining  proportion  or  equiva* 
lent  For  example,  instead  of  aescribinir  water  as  a  compound  of  one 
equiTalent  of  oxygen  and  one  equivalent  of  hydrogen,  it  is  said  to  consist  of 
one  atom  of  each  element  In  like  manner  sulphate  of  potaasa  is  said  to  be 
formed  of  one  atom  of  sulphuric  acid  and  one  atom  of  potassa ;  the  word  in 
this  case  denoting  aa  it  were  a  compound  atom,  that  is,  the  smallest  integral 
particle  of  the  acid  or  alkali,— a  particle  whieh  does  not  admit  of  being 
divided,  except  by  the  separation  of  ita  elementary  or  constituent  atoma. 
The  numbers  expressing  the  proportions  in  which  bodies  unite,  must  like- 
wise indicate,  consirtentjy  with  this  view,  the  rdative  weigbta  of  atoms ;  and 
accor&ngly  these  numbers  are  oilen  called  atomte  weights.  Thus,  as  water 
is  composed  of  8  parts  of  oxygen  and  1  of  hydrogen,  it  follows,  on  the  sup- 
position of  water  consistiog  of  one  atom  of  each  element,  that  an  atom  of 
oxygen  must  be  eif  bt  times  as  heavy  as  an  atom  of  hydrogen.  If  carbonic 
omde  be  foirmed  of  an  atom  of  carbon  and  an  atom  of  oxygen,  the  reUitive 
weight  of  their  atoms  is  as  6  to  8;  and  in  short  the  chemical  equivalents 
of  Ul  bodies  may  be  considered  as  expressing  the  relative  weights  of  their 


The  foregoing  argument,  in  favour  of  the  atomic  conatitution  of  matter 
becomes  much  stronger,  when  we  trace  the  intimate  connexion  which  sub- 
sists, among  many  substances,  between  their  cryetalline  form  and  chemical 
compoaition.  This  subject,  however,  now  known  under  the  nameof  tfomor- 
pkiam  will  be  more  conveniently  discussed  under  the  head  of  crystallization. 

Dalton  supposes  that  the  atoms  of  bodies  are  spherical;  and  he  has 
invented  certain  symbols  to  represent  the  mode  in  which  he  conceives  they 
may  combine  together,  as  illustrated  by  the  following  figures. 

0   Hydrogen.  O  Oxygen. 

0   Nitrogen.  #  Carbon. 

BiNAXT  coMPoimna. 

O  ©  Water. 

O  #  Carbonic  oxide. 

TXaNAKT  oourocNDfl. 

O  0  O  Binoxide  of  hydrogen. 
O  •  O  Carbonic  acid, 
dtc.  &c.  dtc. 
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'  AH  mlMtuiOM  eoDtaiaiag  only  two  afoms  he  oaOed  Unary  ( 

thow  compooed  of  three  atoms  ternary  oomponnda*  of  four  qoatemary,  and 

aooiu 

There  are  fleveral  queatioDa  relative  to  the  natore  of  atoms,  moat  of  which 
will  perhaps  never  be  decided.  Of  this  natore  are  the  qoestions  which  re* 
late  to  the  actual  form,  siae,  and  weight  of  atomi,  and  to  the  circnmstanoes 
in  which  they  mutoally  differ.  All  that  we  know  with  any  certainty  ii, 
that  their  weiehu  do  difier,  and  by  exact  analyais  the  relations  between 
them  may  be  ifetenninod. 

It  is  bat  jnslice  to  the  memory  of  the  late  Mr.  Higgins  of  DuUin,  to 
stale  that  he  first  made  use  of  the  atomic  hypothesis  in  chemical  reasonings. 
In  his  **  Comparative  View"  of  the  Phlogistic  and  Antiphlogistic  Theories,** 
published  in  the  year  1789,  he  observes  (pages  36  and  37)  that  •*  in  volatile 
vitriolic  acid,  a  single  ultimate  particle  of  sulphur  is  intimately  united  onlv 
to  a  single  particle  of  dephlogisticated  air ;  and  that,  in  perfect  vitriolic  acid, 
every  single  particle  of  sulphur  is  united  to  two  of  dephlogisticated  air, 
being  the  quantity  wioeasary  to  saturation  ;*'  and  he  reasons  in  the  same 
way  concerning  the  constitution  of  water  and  the  compounds  of  nitrogen 
and  oxygen.  These  remarks  of  Mr.  Higgins  do  not  oppear  to  have  had  the 
alightest  connexion  with  the  subsequent  views  of  Dr.  Dalton,  who  in  ftct 
aeema  to  have  never  seen  the  work  of  Higgins  till  aAer  he  had  given  an  ac- 
count of  his  own  doctrine.  The  observations  of  Higgins,  though  highly 
er^table  to  his  sagacity,  do  not  affect  Dalton*s  merit  as  an  original  ob- 
server. They  were  made,  moreover,  in  so  casual  a  manner,  as  not  only  not 
to  have  attracted  the  notice  of  his  contemporaries,  but  to  prove  that  Higgina 
himself  attached  no  particular  interest  to  them.  Dalton^s  chief  merit  con. 
sists  in  having  formed  a  complete  theory  of  chemical  union,  and  in  the  dis. 
oovery  of  an  essential  and  most  important  part  of  the  doctrine,  a  merit 
which  is  solely  and  indisputably  his;  but  in  which  he  would  have  been 
anticipated  by  Higgins,  had  that  chemist  perceived  the  importance  of  his 
own  opinions. 

To  the  student  who  may  desire  a  more  ample  account  of  the  doctrine  of 
atoms  than  the  nature  and  limits  of  this  volume  admit  of  being  given  here, 
I  may  recommend  a  small  work  by  Dr.  Daobeny  on  the  atomic  theory, 
which  in  other  respects  will  be  ibund  well  worthy  of  perusal.  The  advanced 
student  may  also  consult  Dr.  Front's  Bridgewater  Treatise,  where  he  will 
find  some  novel  speculations  on  the  agencies  which  give  rise  to  chemical 
union,  and  on  the  mode  in  which  the  combining  molecules  are  arranged ; 
speculationa  which  may  well  open  a  path  to  important  viewi,  though  in 
their  present  form  they  will  scarcely  receive  the  general  assent  of  chemists. 

THEORY  OF  VOLUMEa 

Soon  after  the  publication  of  the  New  System  of  Chemical  Philoeoj^y  in 
1808,  in  which  work  Dr.  Dalton  explained  his  views  of  the  atomic  constitution 
of  bodies,  a  paper  appeared  in  the  second  volume  of  the  Memoiret  tTAreueU 
by  M.  Gay.Lussac,  on  the  **  Combination  of  Gaseous  Substances  with  one 
another."  He  there  proved  that  gases  unite  together  by  volume  in  very 
simple  and  definite  proportions.  In  the  combined  researches  of  himself  and 
Humboldt,  those  gentlemen  found  that  water  is  composed  precisely  of  100 
measures  of  oxygen  gas  and  200  measures  of  hydrogen ;  and  Gay-Lussac, 
being  struck  by  this  peculiarly  simple  proportion,  waa  induced  to  examine 
the  combinations  of  other  gases,  with  the  view  of  ascertaining  if  any  thing 
similar  occurred  in  other  instances. 

T^e  first  compounds  which  he  examined  were  those  of  ammoniacal  gaa 
with  hydrochloric,  carbonic,  and  flooboric  acid  gases.  100  volumes  of  the 
alkali  were  found  to  combine  with  precisely  100  volumes  of  hydrochbric 
acid  gas,  and  they  could  be  made  to  unite  in  no  other  ratio.    With  both  the 
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other  acidat  m  tiie  oontraiy,  two  dutinet  oombinatioiu  wer*  poMiUe. 
llieaemre 

100  Fluoboric  aoid  gtui,  mth  100  Ammoniacal  na. 

leO  do.  300  do. 

100  Garlxmie  acid  gas  100  do. 

100  do.  200  do. 

Various  other  examples  were  quoted,  both  from  his  own  experiments  and 
fiom  those  of  others,  all  demoost ratio j^  the  same  fact  Thus  ammonia  was 
ibond  by  A.  Berthollet  to  consist  of  100  volumes  of  nitrogen  gas  and  300 
folomes  of  hydrogen ;  sulphuric  acid  contains  100  volumes  of  sulphorons 
acid  and  50  volumes  of  oxygen;  and  carbonic  acid  is  formed  by  •burning  a 
mixture  of  50  volumes  of  oxygen  and  100  volumes  of  carbonic  oxide. 

From  these  and  other  instances  Gay.Lussac  established  the  fact,  that 
gaseous  substances  unite  in  the  simple  ratio  of  1  to  1, 1  to  2, 1  to  3,  Ace; 
and  this  original  observation  has  been  confirmed  by  such  a  multiplicity  of 
experiments,  that  it  may  be  regarded  as  one  of  the  best  established  laws  in 
chemistiy.  Nor  does  it  apply  to  gases  merely,  but  to  vapours  also.  For 
example,  hydrosuiphuric,  sulphurous,  and  hydrlodic  acid  gases  are  com- 
posed Of 

600  voL  Hydrogen  gas  and  100  voL  vapour  of  Sulphur. 

600         Oxygen  100  Sulphur. 

100         Hydrogen  100        .  Iodine. 

Another  remarkable  fact  established  by  Gray.Lussac  in  the  same  essay  is, 
that  the  volumes  of  compound  gases  and  vapours  always  bear  a  very  simple 
ratio  to  the  volumes  of  their  elements.  This  will  appear  from  the  follow- 
ing table,  in  which  all  the  substances  are  supposed  to  be  in  the  gaseous 
state:— 


Yolames 


iOOlTitiogCQ 
50  Oxygen 
50  Oxygen 
100  Siilphor 
100  Solphor 
100  Qilorioe 
100  lodioe 
100  Bromine 
100  Cyanogen 
100  Oxygen 


of  EtesMnts. 
+      300  Hydrogen 
-i-     100  Hydrogen 
+      100  Nitrogen 
+      600  Hydrogen 
•f      600  Oxygen 
4-      100  Hydrogen 
4-      100  Hydrogen 
+      100  Hydrogen 
100  Hydrogen 
100  Nitrogen 


+ 
+ 


The  law  of  multiples  (page  137)  i 
oombining  volumes  as  by  combining 
will  jnsli^  this  statement: — 

VoloBMS  of  Eaementi. 

100  Nitrogen 

100   do. 

100   do. 

100   do. 

100   do. 

100  Hydrogen 

100   da 

100  Carbon  vapoar 

100       do. 

It  thus  appears  that  the  laws  of  combination  may  equally  well  be  deduced 
finin  the  volnmes  as  from  the  weights  of  the  combining  substances,  and 
thai  the  composition  of  gaseous  bodies  may  be  expressed  as  well  by  mea^ 
i  MB  weight    In  the  subjoined  table  is  a  comparative  view  of  equivalent 

13 


50  ( 
100 

Oxygen 
do. 

150 

da        . 

200 

da 

250 

da 

50 

da 

100 

do. 

50 

da 

100 

da 

Volomes  of  reraltiof  Oomponnds. 

yield       200  Ammonia. 
.      .      100  Water. 

100  Protoxide  of  nitro^«n. 

600  Hydrosuiphuric  acid. 

600  Sulphurous  acid. 
.      .     200  Hydrochloric  acid. 
.     .     200  Hydriodic  acid. 

200  Hydrobromic  add. 
.  .  200  Hydrocyanic  acid. 
.     .     200  Binoxide  of  nitrogen. 

equally  demonstrable  by  means  of 
reights.    The  annexed  tabular  view 

Reaoltiog  OoDpounds. 
yield       Protoxide  of  nitrogen. 
Binoxide  of  nitrogen. 
H^ponitrous  acid. 
Nitrous  scid. 
.      .     Nitric  acid. 
.     .     Water. 

Binoxide  of  hydrogen. 
.     Carbonic  oxide. 
.     •     Carbonic  acid. 
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weights  and  Tolamet,  to  which  are  added  the  reapectiTe  epecific  gravities  id 
reUUoD  both  to  air  and  hydrogren:  the  facta  respecting  the  vapours  are 
dr^wn  from  an  important  essay  lately  published  by  Mitacberlich.  (An.  de 
Ch.  et  de  Ph.  Iv.  5l) 


Specific 

CSravities. 

Chemical  Eqaivalents. 

GASES  AND  TAPODaS. 

Air  as  1. 

Hydrogen  ai  1. 

By  Vol. 

By  Weight. 

Hydrogen 

0.0689 

1.00 

100 

1.00 

Nitrogen 

0.9727 

14.12 

100 

14.15 

Chlorine 

2.4700 

35.84 

100 

35.42 

Carbon  (hypothetical)   . 

0.4215 

6.12 

100 

6.12 

Iodine       .... 

8.7020 

126,30 

100 

126.30 

Bromine 

5.4017 

78.40 

100 

78.40 

Water       .... 

0.6201 

9.00 

100 

9.00 

Alcohol 

1.6009 

23i24 

100 

23.24 

Sulphuric  ether 

2.5817 

37.48 

100 

37.48 

Light  carburetted  hydrogen 

0.5593 

8.12 

100 

6.12 

Olefiant  gas 

0.9808 

14.24 

100 

14.24 

Carbonic  oxide 

0.9727 

14.12 

100 

14.12 

Carbonic  acid   . 

1.5239 

22.12 

100 

22.12 

Protoxide  of  nitrogen    . 

1.5233 

22.12 

100 

22.15 

Sulphurous  acid 

2  2117 

32.10 

100 

32.10 

Sulphuric  acid  (anhydrous) 

2.7629 

40.10 

100 

40.10 

Cvanogen 
Hydrosulphuric  acid 

1.8157 

26.36 

100 

26.39 

1.1732 

17.10 

100 

17.10 

Binoxide  of  nitrogen 

1.0375 

15.06 

200 

30.15 

Mercury 

6.9589 

101.00 

200 

202.00 

Ammonia 

0.5897 

8.56 

200 

17.15 

Hydrochloric  acid 

1.2694 

18.42 

200 

3a42 

Hydriodic  acid 

4.3854 

63.65 

200 

127.30 

Hydrobromic  acid 

2.7353 

39.70 

200 

79.40 

Hydrocyanic  acid 

0.9423 

13.68 

200 

27.39 

Arseniuretted  hydrogen 

2.7008 

39iJ0 

200 

78.40 

Sesquichloride  of  arsenic  . 

6.3025 

91.46 

200 

181.66 

Sesquiodide  of  arsenic  . 

15.6505 

227.15 

200 

45430 

Protochloride  of  mercury . 

8.1939 

118.92 

200 

23742 

Bichloride  of  mercury  . 

9.4289 

136.84 

200 

272.84 

Bromide  of  mercury 

9.6597 

140.20 

200 

280.40 

Bibromide  of  mercury  . 

12.3606 

179.40 

200 

35a80 

Biniodide  of  mercury 

15.6609 

227.30 

200 

454.60 

Oxygen 

1.1024 

16.00 

50 

aoo' 

Arsenious  acid 

13.6972 

198.80 

50 

99.40 

Phosphorus  . 

4.3269 

62.80 

25 

15.70 

Arsenic     .... 

10.3901 

150.80 

25 

37.70 

Sulphur 

6.6558 

96.60 

16.66 

16.10 

5.3788 

78.06 

300 

234.20 

The  observations  which  more  immediately  flow  from  the  facts  in  the  pre- 
ceding table  are  these: — 

1.  The  combining  volumes  of  substances,  both  elementary  and  compound, 
are  either  equal,  orliave  the  simple  ratio  of  1  to  2,  1  to  3,  &c.  The  same 
simplicity  rarely  exists  among  the  equivalent  weights. 

2,  On  comparing  together  the  third  and  fifth  columns,  the  correspoDding 
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numbers  for  the  18  first  substances  will  b^  found  nearly  or  quite  identical. 
As  those  substances  have  the  same  uniting  volume  as  hydrogen,  which  is  the 
aasamed  unit  of  comparison,  and  as  the  specific  gravities  are  merely  the 
weights  of  equal  volumes,  the  numbers  of  the  third  column,  were  they  quite 
exact,  must  coincide  with  those  in  the  fifth :  their  want  of  identity  indicates 
errors  of  observation. 

3.  The  identity  in  tlie  equivalent  volumes  of  the  elementary  gases,  hydro- 
gen, nitrogen,  and  chlorine,  led  to  the  notion  that  the  equivalent  volumes  of 
most  other  elements,  such  as  carbon,  sulphur,  and  phosphorus,  might  also  be 
identical  Atsuming  that  identity,  the  specific  gravity  which  those  elements 
ought  to  have  when  gaseous,  may  easily  be  calculated.  Thus,  taking  1,  6.1!^ 
and  16.1  as  the  equivalents  of  hydrogen,  carbon,  and  sulphur,  then  will  their 
specific  gravities  in  the  gaseous  state,  combining  volumes  being  supposed 
equal,  be  in  the  ratio  of  1,  6.12,  and  16.1.  This  method,  by  which  the  hypo- 
thetical specific  gravity  of  carbon,  as  stated  in  the  table,  was  obtained,  was 
first  indicated  by  Dr.  Proot.  (An.  of  Phil.  vi.  321.)  But  though  such  hypo- 
thetical numbers  may  sometimes  be  used  for  the  convenience  of  expressing 
the  relation  of  uniting  substances  by  measure,  recent  &cts  show  how  dan- 
gerous it  would  be  to  confide  in  them ;  for  by  the  table  it  appears  that  the 
equivalent  volume  of  sulphur  vapour  is  one-sixth  of  that  of  hydrogen,  which 
renders  the  specific  gravity  of  the  vapour  of  sulphur  six  times  greater  than 
the  hypothetical  number.  Similar  deviation  is  observable  in  phosphorus, 
anenic,  and  mercury.  In  these  cases,  the  real  specific  gravity  of  a  vapour 
is  as  much  greater  than  the  hypothetical,  as  its  equivalent  volume  is  less  than 
that  of  hydrogen. 

4.  The  identity  in  the  equivalent  volumes  of  hydrogen,  nitrogen,  and  chlo- 
rine, suggested  the  idea  that  the  atoms  or  indivisible  molecules  of  all  the  ele- 
ments are  of  the  same  magnitude ;  and  this  coupled  with  the  supposition 
that  the  self-repulsive  energy  of  these  atoms  is  equal,  led  to  the  opinion  that 
equal  volumes  of  tlie  elements  in  the  gaseous  state  must  contain  an  equal 
number  of  atoms.  This  hypothesis,  recommended  by  its  simplicity,  and  sup- 
ported  by  the  fact  that  the  volumes  of  gaseous  substances  vary  according  to 
the  same  law  by  varying  temperature  and  pressure,  was  accordingly  em- 
ployed as  B  mode  of  determining  the  relative  weights  of  atoms.  As  water 
consists  of  50  measures  of  oxygen  and  100  of  hydrogen  gas,  it  was  inferred 
to  be  a  compound  of  one  atom  of  oxygen  and  two  atoms  of  hydrogen ;  and 
oonseqoentlv,  taking  8  as  the  weight  of  an  atom  of  oxygen,  the  weight  of 
ooe  atom  of  hydrogen  is  ^  instead  of  1,  as  in  the  table;  or  taking  hydrogen 
as  1,  the  atom  of  oxygen  is  16.  On  the  same  principle  may  the  numbers 
which  in  the  table  represent  the  equivalent  weights  of  chlorine,  bromine, 
iodine,  and  nitrogen,  which  have  the  same  equivalent  volumes  as  hydrogen, 
be  considered  as  the  weights  of  two  equivalents.  The  equivalents  adopted 
by  Davy  in  his  Elements  of  Chemical  Philosophy,  as  well  as  those  of  Ber- 
zeliua,  which  are  now  in  general  use  on  the  Continent,  were  framed  in  ac- 
cordance with  these  views :  this  the  British  chemist  requires  to  bear  in  mind, 
since  the  same  numbers  which  Berzelius  uses  for  2  equivalents  of  hydrogen, 
nitrogen,  chlorine,  bromine,  and  iodine,  he  considers  as  one  equivalent.  But 
the  opinion  of  Davy  and  Bterzelius  must  now  either  be  abandoned,  or  main- 
tained on  other  principles ;  since  the  late  researches  of  Dumas  and  Mitscher- 
licfa  have  shown  experimentally  that  equal  volumes  of  the  elementary  gases 
and  vapours  do  not  contain  the  same  number  of  atoms. 

5.  llie  facts  contained  in  the  last  and  preceding  tables  supply  materials 
fer  calculating  the  sp.  gravity  of  compound  gases,  by  which  means  the  ac- 
curacy of  other  conclusions  respecting  their  composition  may  be  verified. 
Thus  analysis  proves  that  ammoniacaf  gas  is  composed  of  100  volumes  of 
nitrogen,  and  300  of  hydrogen  gases,  condensed  into  the  space  of  200  vol. 

if  so,  its  sp.  gravity  will  be 

0.97274-3X  0.0689_1.1794_n  j^^7 
2  2 
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The  near  anfreement  of  this  calculated  namber  with  that  fovmd  by  weighing 
the  gai  itself,  proves  that  ammonia  lias  really  the  constltation  above  assigned 
to  it,  and  gives  great  probability  that  the  sp.  gravity  of  nitrogen  and  hydrogen 
gases  is  nearly  correcL 

Again,  hydrochloric  acid  gas  consists  of  100  volumes  of  hydrogen  and  100 
of  chlorine  gases,  united  without  any  change  of  bulk.  Hence  its  sp.  gravity 
ooght  to  be 

8.47+0.0689_^^^ 

Hydroqranic  acid  vapour  is  formed  of  100  volumes  of  hydrogen  and  100 
of  cyanogen  (rases  united  without  change  of  volume ;  and,  therefore,  its  sjk 
gravity  should  be 

l;8157+0^_ 
2 

Considering  defiant  gas  as  a  compound  of  200  volumes  of  hydrogen  gae 
and  200  of  the  vapour  of  carbon  condensed  into  100,  its  sp.  gravity  wiO  be 
8x0.06894-2x0.4215=0.1378+0.8430=0^)808. 

Aqueous  vapour  is  composed  of  100  volames  of  hydrogen 'and  50  of  oxy- 
gen gases  condensed  into  the  space  of  100  volumes ;  ana,  therefore,  its  up, 
gravity  ought  to  be  0.0689+0.5512  (half  the  sp.  gr.  of  oxygen)  «0.6801. 

Protoxide  of  nitrogen  is  formed  of  100  volumes  of  nitrogen  and  50  of  oct- 
gen  gases  condensed  into  100  volumes,  and  hence  its  sp.  gravity  should  le 
0i)727+0.5512=  1.5239. 

Assuming  carbonic  ozido  to  lie  a  compound  of  100  volumes  of  carbon  va- 
pour and  50  of  oxygen  gas  contracted  in  uniting  into  100  volumes,  its  sp. 
gravity  should  be  0.4215+0.5512  =0.9727. 

As  the  different  sp.  gravities  thus  calculated  are  very  nearly  those  fomd 
by  direct  experiment,  there  is  a  strong  presumption  that  the  elements  of  the 
oilculations  are  correct 

The  principle  of  these  calculations  is  sufficiently  obvious.  The  sp*Jp^ 
vities  represent  the  weights  of  equal  volumes  of  the  gases :  taking  100  an 
the  standard  volume  of  which  the  sp.  gravity  of  each  jras  denotes  the  weight, 
then  50  volumes  of  a  gas  may  be  indicated  by  half,  25  volumes  by  a  fourth, 
and  16.66  by  a  sixth  of  iU  specific  gravity.  Thus  hydrosulphuric  acid  is  a 
compound  of  100  volumes  of  hydrogen  gas,  and  16.66  (^)  of  the  vapour 
of  sulphur,  condensed  into  100  volumes,  and,  therefore,  its  sp^  gravity  is 

0.0689+^'^^=  0.0689+l.l093=»ia782. 

Sulphurous  acid  consists  of  100  volumes  of  oxygen  gas  and  16.66  of  the  va- 
pour uf  sulphur  condensed  into  100  volumes;  and  hence  its  sp.  gravity  is 

1.1024+1555?    1.1024+1.1093=2.2117. 

m  these  two  gases  the  volume  is  the  same  as  the  hydrogen  or  oxygen  which 
they  contain,  and,  therefore,  their  sp.  gravities  are  the  sum  of  the  sp.  gra- 
vities of  their  elements.  The  same  applies  to  water,  protoxide  of  nitrogen, 
and  carbonic  oxide.  In  defiant  gas  4{)0  volumes  are  condensed  into  100,  and, 
therefore,  its  sp.  gravity  is  the  sum  of  the  sp.  gravities  of  its  elements.  Hy- 
drochloric acid  gas  occupies  the  same  space  as  ite  elements,  and,  therefore, 
its  sp.  gravity  is  found  by  taking  the  mean  of  their  sp.  gravities.  The  same 
remark  applies  to  hydrocyanic  acid.  In  ammonia  400  volumes  are  condensed 
into  200,  and,  therefore,  the  sum  of  the  sp.  gravities  is  halved.* 

•  The  statements  in  this  paragraph  are  rather  loosely  expressed.  We  may, 
M  Dr.  Turner  remarks  in  a  pr^eding  paragraph,  assume  the  specific  gravity 
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As  vapoure  are  easily  condensed  by  cold,  and  in  many  cases  exist  as  such 
only  at  high  temperatures,  their  sp.  grravities  may  oAen  be  obtained  by  caU 
eolation  more  accurately  tiian  by  experiment  Thus  it  is  easier  accurately 
to  ascertain  the  sp.  gravity  of  hydroeen  and  hydrosulphuric  acid  gases 
than  of  the  vapour  of  sulphur ;  and,  therefore,  as  soon  as  experiment  has 
shown  that  the  sp.  gravity  of  that  vapour  is  tomewhere  about  6.6558,  tiien  the 
precise  number  may  be  calculated.  For  as  100  volumes  of  hydrosulphuric 
acsid  gas  contain  100  of  hydrogen  gas,  the  sp.  gravity  of  the  latter  deducted 
from  that  of  the  former  (1.17^— 0.068  J,)  gives  1.1093  as  the  weight  of  com- 
bined  sulphur.  If  the  equivalent  volume  of  sulphur  were  100,  then  must 
1 J093  be  its  sp.  gravity ;  but  as  the  number  found  experimentally  is  nearly 
six  timesl.1093,  the  inference  is  that  the  real  sp.  gravity  is  6  X  1.1093=6.6558, 
md  that  its  equivalent  volume  is  six  times  less  than  100,  or  16-66.  The  only 
aasomption  here  is,  that  if  the  equivalent  volume  of  the  vapour  is  not  100,  it , 
must  be  some  multiple  or  submultiple  of  it  by  a  whole  number,  consistently 

of  the  difterent  gases  to  be  the  weight  of  some  standard  volume  of  each  of 
them,  as  for  example  lOU  volumes ;  and,  on  this  assumption,  it  will  follow 
'that  on  ascertaining  the  weight  of  100  volumes  of  any  gas,  we  shall  have  its 
specific  gravity.  The  general  formula  applicable  to  these  calculations,  there- 
fore, is  to  deduce  from  the  known  specific  gravities  of  certain  gases,  from 
the  proportion  in  which  they  unite  in  volume,  and  from  the  resulting  volume, 
the  weight  of  100  volumes  of  the  compound  gas  which  may  be  formed ;  for 
if  the  known  sp.  gr.  in  all  cases  be  assumed  to  represent  the  weight  of  100 
volumes,  reciprocally  the  weight  of  100  volumes,  when  ascertained,  will  re- 
present the  spu  gr.  In  ascertaining  then  the  weight  of  100  volumes  of  a  com- 
pound gas,  the  first  step  is  to  add  toother  the  weights  of  the  known  volumes  of 
its  coDstitoeots ;  these  weights  being  deduced  from  the  assumption  that  the 
weight  of  every  100  volumes  of  each  constituent  is  represented  by  its  specific 
gravity.  The  sum  thus  obtained  will  be  the  weight  of  the  resulting  volume, 
and,  if  this  happen  to  be  100  volumes,  the  answer  is  ftimtshed  at  once.  But 
if  the  resulting  volume  should  not  be  100  volumes,  then,  by  the  rule  of  pro- 
portion, the  weight  of  iOO  volumes  of  the  compound  gas  is  to  be  ascertained 
tbofl :  if  the  known  number  of  volumes  in  the  resulting  volume  weigh  the  sum 
obtained  as  above  mentioned,  what  will  100  volumes  weigh  7  The  weight  of 
100  volumes  thus  ascertained  necessarilv  represents  the  specific  gravity.  The 
simplest  case  under  the  rule  is  when  100  volumes,  respectively,  of  the  con- 
stitoents  of  a  compound  gas  are  condensed  into  100  volumes;  for  here  the  sp. 
graviUea  of  the  constituent  gases  represent  at  once  the  entire  volume  of  each 
constituent  entering  into  combination;  and  their  sum  gives  the  sp.  gr.  of  the 
compound ;  because  it  represents  the  weight  of  100  volumes.  An  instance  of 
this  simfJest  case  is  afforded  by  carbonic  acid,  in  which  100  volumes  of  car- 
boa  vapour  and  100  volumes  of  oxygen  are  condensed  into  100  volumes. 
Here  it  is  only  necessary  to  add  together  0.4215  (sp.  gr.  of  carb.  vap.)  and 
1.1  OSM  (sp.  gr.  of  oxygen,)  and  the  sum,  1.5239,  is  the  sp.  gr.  of  carbonic  acid. 
It  is  only  in  this  simplest  case  that  the  sp.  gr.  of  a  compound  gas  is  the  sum 
of  the  sp.  gravities  of  its  constituents.  Dr.  Turner  is  inaccurate,  therefore, 
when  he  states  that  hydrosulphuric  and  sulphurous  acid  gases  furnish  cases 
in  which  tlieir  sp.  gravities  are  the  sum  of  the  sp.  gravities  of  their  elements: 
fiir  though,  in  the  instances  of  tliese  two  gases,  the  sp.  gravities  of  the  hydro- 
gonand  oxygen  may  be  taken,  since  these  elements  are  present  in  the  amount 
of  100  volumes ;  yet  the  sp.  gr.  of  the  sulphur  vapour  cannot  be  taken,  as 
it  is  not  the  weight  of  100  volumes  of  this  vapour  which  is  required,  but  the 
weight  of  one-sixth  of  100  volumes.  Dr.  Turner*s  inaccuracy  consists  in 
this,  that  he  ealls  the  weight  of  the  given  number  of  volumes  of  each  consti- 
tuent gas^  its  sp.  gr. ;  whereas  such  weight  is  to  be  assumed  to  be  the  sp.  gr., 
«Mily  in  case  it  is  the  weight  of  100  volumes.  Thus,  in  the  case  of  defiant 
gas,  cited  by  Dr.  Turner,  iU  s p.  gr.  is  not  the  sum  of  the  sp.  gravities  of  ito 
dements,  but  the  sum  of  double  the  sp.  gr.  of  its  elements.— £(i. 

13* 
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with  the  theory  qf  voUime$,  In  the  constraction  of  the  preoedinjr  taUe  I 
have  given  the  tp.  gravities  of  vapours  calculated  on  these  principles  rather 
han  the  precise  numbers  given  by  experiment 

CHEMICAL  SYMBOLS. 

The  impracticability  in  many  cases  of  contriving  convenient  names  ex- 
pressive of  the  constitution  of  chemical  compounds,  especially  of  minerals, 
suggested  the  employment  of  symbols  as  an  abbreviated  mode  of  denoting 
the  composition  of  bodies.  It  was  thought  that  the  names  of  elementary 
substances,  instead  of  being  written  at  full  length,  might  often  be  more  con* 
veniently  indicated  by  the  first  letter  of  their  names ;  and  that  the  combina- 
tion of  elements  with  each  other  might  be  es^presaed  by  placing  together,  in. 
some  way  to  be  agreed  on,  the  letters  which  represent  them.  The  advantage 
of  such  a  symbolic  language  was  felt  so  strongly  by  Beraelius,  that  he  some 
years  a^o  contrived  a  set  of  symbols,  which  he  has  since  used  extensively  in 
his  writings ;  and  other  eminent  chemists  as  well  as  mineralogists,  believing 
symbols  to  be  usefiil,  adopted  those  which  Berzelius  had  proporcd.  The  con- 
sequence is,  that  symbolic  expressions,  called  chemicQl  formulae,  are  now  ao 
much  resorted  to,  and  are  so  identified  with  the  language  of  chemistry,  that 
essays  of  great  value  are  in  a  ipeasure  as  sealed  books  to  those  who  cannot 
read  symtwls.  It  u,  therefore,  important  that  the  chemical  student,  whatever 
he  may  think  of  the  value  of  svmbols,  should  not  be  unacquainted  with  them. 
Fortunately,  the  labour  of  a  few  minutes  will  enable  him  to  understand  the 
subject  The  following  table  includes  the  symbols  of  all  the  elementary  rab- 
■tanoes  according  to  Berzelius. 

TABLE  or  BTMBOU. 


EteBMBto. 

Symb. 

Elementa. 

Symbi 

EleiBSDts> 

Sjaib. 

Aluminium 

Al 

Gold  (Aurum) 

Au 

Potassium(Kalium) 

K 

Antiniony(Sttbittm: 

Sb 

Hydrogen     . 

H 

Rhodium 

R 

Arsenic 

As 

Iodine      . 

I 

Selenium 

Se 

Barium, 

Ba 

Iridium 

Ir 

Silicium 

Si 

Bismuth   . 

Bi 

Iron  (ferrum) 

Fe 

Silver  (Argentum) 
Sodium  (Natrium) 

Ag 

Boron  . 

B 

licad  Plumbum) 

Pb 

Nil 

Bromine  • 

Br 

Lithium    . 

L 

Strontium 

Sr 

Cadmium 

Cd 

Magnesium  . 

Mg 

Sulphur 

S 

Calcium   . 

Ca 

Manganese 

Mn 

Tellurium 

Te 

Carbon 

C 

Mercury  (Hydrar. 

Thorium 

Th 

Cerium 

Ce 

gyrum)      . 
Molybdenum 

H? 

Sn 

Chlorine 

CI 

Mo 

Titanium 

Tl 

Chromium 

Cr 

Nickel 

Ni 

Tungsten      (Wol- 

Cobalt 

Co 

Nitrogen  . 

N 

fr£n) 

W 

Cdumbium    (Tan- 

Osmium        . 

Os 

Vanadium 

Y 

talum)  . 

Ta 

Oxygen    . 
Palladium     • 

O 

Uranium 

U 

Copper  (Cuprum) 

Cu 

Pd 

Yttrium  . 

Y 

Fluorine    . 

F 

Phosphorua 

P 

Zinc    . 

Zn 

Ghicinium     • 

6 

Platinum 

PI 

Zr. 

For  the  sake  of  uniformity,  and  to  prevent  confusion,  it  is  much  to  ba 
wished  that  these  symbols,  being  now  generally  known,  should  be  rigoronaljr 
adhered  ta  Berzelius  hss  properly  selected  them  from  Latin  names,  aa 
being  known  to  all  civilised  nations ;  and  when  the  names  of  two  or  more 
elements  begin  with  the  same  letter,  the  distinction  is  made  by  means  of  an 
additional  letter. 
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The  finregoing  nrnibols  are  inteoded  to  represent  the  chemical  eqaimlenCa 
of  the  elemeDts.  Thus,  the  letters  H,  I,  and  Be,  stand  for  one  equivalent  of 
hydrogen,  iodine,  and  barium ;  and  2H,  3H,  and  4H,  for  2,  3,  and  4  equiva. 
lent*  of  hydrogen.  Two  equivalents  of  an  element  are  often  denoted  by 
|ilaciog  a  dash  throogh  or  under  its  symbol :  for  instance,  H  or  H  means  311, 
and  P  or  P  signifies  2P.  Certain  compounds  are  often,  for  the  sake  of 
brevity,  denoted  by  single  symbols  in  the  same  manner  as  the  elements; 
thus  an  equivalent  of  water,  ammonia,  and  cyanogen,  is  sometimes  expressed 
by  Aq,  Am,  and  Cy ;  but  in  general  the  formulae  for  compound  bodies  are 
so  contrived  as  to  indicate  the  elements  they  contain,  and  the  mode  in  which 
they  are  united.  This  may  be  done  in  several  ways ;  but  that  which  first 
■nggesCa  itself,  is  to  connect  together  the  symbols  by  the  same  signs  as  are 
used  in  Algebra.  Thus  the  formuls  K+O,  Ca-fO,  Ba-UO,  Mn-fO, 
Fe+O,  2Fe+30,  SH+N,  2H+2C,  0+20,  N+50,  S+SO,  and  H+Cl, 
denote  single  equivalents  of  potaasa,  lime,  baryta,  protoxide  of  manganeae, 
protoxide  of  iron,  peroxide  of  iron,  ammonia,  olefiant  gas,  carbonic  add, 
nitric  acid,  sulphuric  acid,  and  hydrochloric  acid.  The  formula  K-f-N-f-OO 
indicates  the  elements  which  are  contained  in  an  equivalent  of  nitrate  of 
— • In  order  to  express  further  that  the  potassium  is  combined  with 


ooly  one  equivalent  of  oxygen,  the  remaining  oxygen  with  the  nitrogen,  and 
the  potaasa  with  nitric  acid,  the  symbols  are  placed  thus,— (K-{-0)4- 
(N-f-fiO),  the  brackets  containing  the  symbols  of  those  elements  which  are 
supposed  to  be  united.  A  num&r  placed  on  the  outside  of  a  bracket  mul- 
tiplies the  compound  within  it:  thus  (K-4-0)-4-(S4-30)  is  sulphate  of 
potassa,  and  (K+0)+2(S4-dO)  is  the  bisolphate.  All  the  elements  con- 
Uined  in  a  compound  are  thus  visibly  represented,  and  the  chemist  is  able 
readily  to  trace  all  possible  modes  of  combination,  and  to  select  that  which 
is  moat  in  harmony  with  the  facts  and  principles  of  his  science.  He  may, 
and  often  does,  thereby  detect  relations  which  might  otherwise  have  escaped 


Another  advantage  attributable  to  such  formulae  is,  that  they  facilitate 
the  comprehension  of  chemical  changes.  If  hydrosulphuric  acid  acts  upon 
the  protoxide  of  lead,  it  is  easy  to  say  that  the  sulphur  combines  with  the 
lead  and  the  hydrogen  with  tLc  oxygen ;  but  the  exact  adaptation  of  the 
quantities  for  mutual  interchange  appears  to  me  more  clearly  shown  by 
symbols  than  by  a  description  or  a  diagram,  both  of  which  are  apt  to  pro- 
mioe  confusion  where  the  change  to  be  explained  is  complex.  In  the  simple 
instance  alluded  to,  H+S  reacts  on  Pb-f O,  and  the  products  are  Pb-fS 
and  H-^O.  When  hydrosulphuric  acid  acts  on  bicyanuret  of  mercury,  the 
result  is  hisnlphuret  of  mercury  and  hydrocyanic  acid :  the  substances 
which  interchange  elements  are  2(H-4-S)  and  Hg4-2Cy;  and  the  products 
are  Hg-|-2S,  and  2(H-f-Cy.)  In  more  complicated  changes  the  advantage 
of  chemical  fbrmulie  is  still  more  manifest,  examples  of  which  kind  will  he 
Ibond  in  the  section  on  cyanogen,  and  in  other  parts  of  this  volume. 

Useful  as  the  algebraic  chemical  formulae  are  for  the  purpose  of  studying 
chemical  changes,  they  are  sometimes  found  inconveniently  long  where  the 
object  is  merely  to  express  the  composition  of  bodies,  and  accordingly 
Benelios  has  introduced  several  abbreviations.    For  instance,  he  indicates 

degrees  of  oxidation  W  dots  placed  over  the  symbol,  writing  K,  C,  N, 
instead  of  K-^-O,  C-{-20,  N-|-50,  tor  potassa,  carbonic  acid,  and  nitric  acid. 
In  like  manner  he   denotes  compounds  of  sulphur  by  Commas,   writing 

i,  Ag,  H  instead  of  K+S,  Hg+2S,  H-fS,  for  sulphuret  of  potassium, 
Usulfiurct  of  mercury,  and  hydrosulphuric  acid.  When  the  ratio  is  that 
of  2  to  3  he  employs  the  symbol  for  two  equivalents  above  stated ;  thus, 

Fe,  P;  As  is  used  instead  of  2Fe+30,  2P+50,  2As4-50,  for  an  equivalent 
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of  peroxide  of  iron,  phosphoric  acid,  and  arsenic  acid ;  and  ainiilatly  we 

Have  JCs,  As  instead  of  2A84-3S,  2As+5S  for  the  sesquisulphuret  and  per- 
■ulphuret"of  arsenic.  These  Jast  formuIsD  are  sometimes  used  to  indicate 
two  equivalents  instead  of  one,  as  was  done  in  the  last  edition  of  these 
elements ;  but  as,  agreeably  to  the  atomic  theory,  the  smallest  possible  mole- 
cule  of  peroxide  of  iron  consists  uf  2  atoms  of  iron  and  3  of  oxygen,  the 
formula  2Fe-f-30  ou^ht  to  stand  for  one  equivalent  only. 

Berzelius  oflen  dispenses  with  the  sign  4-1  And  writes  combined  elements 
side  by  side,  the  sign  of  addition  being  understood  instead  of  expressed. 

Thus  he  uses  KS,  CaC,  BaN,  KS+N^  instead  of  K+S.  Ca+C,  Ba+N, 

(k+S)+(Ni4-S),  for  sulphate  of  potaasa,  carbonate  of  lime,  nitrate  of 
baryta,  and  the  double  sulphate  of  potassa  and  oxide  of  nickel.  Two  or 
more  equivalents  of  one  constituent  of  a  compound  are  denoted  by  numbers 
placed  in  the  same  position  as  the  indices  of  powers  in  algebra:  thus  NH', 

NC«,  Fe»  H3  is  the  abbreviation  of  N+3Ii,  N+2C,  2Fio+3H,  for  ammonia, 
cyanogen,  and  sesquihydrate  of  iron,  a  compound  of  2  equivalents  of 
peroxide  of  iron  and  3  of  water.  A  number  used  before  symbols,  like 
coefficients  in  algebra,  multiplies  all  the  following  symbols  not  separated 

from  it  by  a  +  sign.  Thus  in  8CaSis+'KSi6-f-16  Aq  (which  is  the 
formula  for  the  mineral  called  apophyllite),  the  8  denotes  8  equivalents  of 

Ca  Si>,  or  tersilicate  of  lime,  which  are  united  with  1  equivalent  of 
sexsillcate  of  potassa,  and  16  of  water. 

Berzelius  also  expresses  the  vegetable  and  animal  acids  by  the  first  letter 
of  their  name,  with  a  dash  over  it  Thus  T,  A,  C,  B,  G,  Fiarethesym- 
bols  for  tartaric,  acetic  citric,  benzoic,  gallic,  and  formic  acids. 


ISOMERIC  BODIES. 

It  was  formerly  thought  that  the  same  elements  united  in  the  same  rM 
must  always  give  rise  to  the  same  compound;  but  within  those  few  ye 
several  examples  have  been  discovered  of  two  or  even  more  substances  o 
taining  the  same  elements  in  the  same  ratio,  and  yet  exhibiting  cheimcul 
properties  distinct  from  each  other.  For  such  compounds  Berzelius  has 
suggested  the  general  appellation  o{  isomeric,  from  lo-^r  e^ual  and  /uvec  part^ 
expressive  of  equality  in  the  ingredients.  Interesting  instances  of  this  kind 
are  the  two  cyanic  acids,  which  consist  of  cyanogen  and  oxygen  in  the 
same  ratio,  and  have  the  same  equivalent,  yet  differ  widely  in  their  chemical 
properties;  and  a  similar  example  is  aifordcd  by  the  tartartic  and  para- 
tartaric  acids.  Berzelius  proposed  to  prefix  para  in  this  instance,  from 
«r«eg«  near  fo,  as  indicative  of  the  close  alliance  octween  the  two  compounds, 
a  principle  of  nomenclature  wliich  will  probably  be  found  applicable  on 
other  occasions. 

Unexpected  as  was  the  discovery  of  isomerism,  it  is  quite  consistent  with 
our  theories  of  chemical  union ;  insomuch  as  the  same  elements  may  be 
grouped  or  combined  in  different  ways,  and  thereby  give  rise  to  compounds 
essentially  distinct.  Thus  the  elements  of  sulphate  of  potassa  may  per- 
haps  be  united  indiscriminately  with  each  other,  as  expressed  by  the  formula 
KSO«;  or  they  may  form  KO-f-SOa;  or  KS+0»;  or  KOa-fSO»;  and 
other  combinations  might  be  made.  The  second  of  these  is  doubtless  the 
real  one;  but  no  one  can  say  that  the  oUiers  are  impracticable.  Again,  the 
elements  of  peroxide  of  tin,  Sn  and  20,  may  either  form  SnO*,  or  SnO+O ; 
And  those  of  the  peroxide  of  iron,  2Fe  and  30,  may  cither  be  Fe«0',  or 
Fe04-FeO«,  not  to  mention  other  possible  combinations.    The  elements  of 
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•loobol  are  9C,  311,  and  O,  which  may  be  united  indiMsriminatelj  ■• 
H«C«0,  or  HaCH-O,  or  as  H«C'4-HO,  betides  others:  it  ia  eomeoonly 
eonsidered  a  oompoimd  of  olefiant  gaa  and  water,  as  indicated  by  the  last 
fiirranla. 

Some  bodies  eoosist  of  the  same  elements  in  the  same  ratio,  and  yet  M- 
fer  in  their  equivalents.  A  marked  example  isi  supplied  by  olefiant  gas  and 
etberine,  the  former  of  which  contains  200  Yolames  of  carbon  vapour  and 
200  of  hydrogen  gas  condensed  into  100  volumes,  and  the  latter,  400  vo- 
lumes of  carbon  vapoar  and  400  of  hydrogen  gas,  united  so  as  U>  yield  100 
vnlomes  of  etherine.  The  equivalent  of  olefiant  gas  is  14J24,  and  that  of 
elherine  28148,  or  exactly  double.  A  similar  case  will  be  found  in  the  de- 
scription of  c^anuric  acid.  The  nature  of  these  eompoonds  is  at  once  de- 
tected by  their  equitalents  being  unlike,  and  by  the  volume  which  they 
occupy  as  gases  compared  with  me  volumes  of  the  elements  of  which  they 
ooDsisL  Isomeric  bodieif  of  thb  kind  are  obviously  nrach  less  intimately 
allied  than  those  above  described. 


SECTION  III. 

OXYGEN. 

Qxraw  gM  vras  discovered  hy  Priestley  in  1774,  and  by  Sebeale  a  yaar  er 
two  after,  without  previous  knowledge  of  PriesHey's  discovery.  Several  ap- 
feUationa  liave  beim  given  to  it  Priestley  named  it  d^^UogtMiiaUed  air ; 
It  was  called  twtfyreal  air  by  Scheele,  and  tiUd  air  by  Condoroet.  The 
■ame  it  now  bean,  derived  from  the  Greek  words  o|vr  add  and  >iFMir  to 
generate,  was  piopoaed  by  Lavoisier,  who  considered  it  the  sole  cause  of 
aodity. 

Oxygen  gas  may  be  obtained  firom  aeveml  sonross.  The  'peroxides  of 
manganeae,  lead,  and  oiercury,  nitre,  and  chlorate  of  potaasa,  yield  it  in 
large  qoantities  when  they  are  exposed  to  a  red  heat.  The  substanoes  o<Mn. 
mealy  amfAayed  for  the  purpose  are  peroxide  of  manganese  and  chlorate  of 
polasaa.  It  may  be  procured  fi-om  the  former  in  two  ways ;  either  by  beat, 
ing  it  to  redness  in  a  giuKbarrel,  or  in  a  retort  of  iron  or  earthenware ;  or 
by  potting  it  in  fine  powder  into  a  flask  with  about  an  eq^al  weight  of  oon- 
centrated  sulphuric  acid,  and  heating  the  mixture  by  means  of  a  lamp.  To 
understand  the  theory  of  these  processes,  it  is  necessary  to  bear  in  mind  Ihe 
composition  of  the  three  following  oxides  of  manganese  :-— 

Manganese.  Oxygen. 

Protoxide        .        27.7  or  1  equiv.  -|-    8        .        ^35^7 
Sesquioxide     .       27.7         .  -f  12        .        839.7 

Peroxide  27.7  .  +  1^        •        «43.7 

On  applying  a  red  heat  to  the  last,  it  parts  with  half  an  equivalent  of 
oxygen,  and  is  converted  into  the  sesquioxide.  Every  43.7  grains  of  the  per* 
oxide  will,  therefore,  lose,  if  quite  pure,  4  grains  of  oxygen,  or  nearly  IS 
cobic  inches;  and  one  ounce  will  yield  about  128  cubic  inches  of  gas.  The 
action  of  sulphuric  acid  is  differenL  The  peroxide  loses  a  whole  equivalent 
of  oxygen,  and  is  converted  into  the  protoxide,  which  unites  with  the  acid, 
faming  a  sulphate  of  the  protoxide  of  mongsnese.  £very  43.7  grains  of 
peroxide  must  oonsecjuently  yield  8  grains  of  oxygen  and  35.7  of  protoxide, 
which  byoniting  with  one  equivalent  (40)  of  the  acid,  forms  75.7  of  the  sul- 
phate.   The  first  of  these  processes  is  the  most  convenient  in  practice. 

The  gas  obtained  fitun  peroxide  of  manganese,  though  hardly  ever  quite 
pore,  ovring  to  the  pre^nce  of  iron,  earbonoto  of  lime,  and  t»thcr  earthveub. 
sea,  ia  sufficiently  good  for  ordinary  purpoaes.    It  yields  a  gae  of  better 


154  •XTGur. 

quality,  if  previously  freed  from  carbonate  of  lime  hy  dilute  hydrochloric  or 
nitric  acid  ;  but  when  oxygen  of  great  purity  is  required,  it  is  better  to  ob- 
tain it  from  chlorate  of  potatsa.  For  this  purpose,  tlie  salt  should  be  put 
into  a  retort  of  green  glass,  or  of  white  glass  made  without  lead,  and  be 
heated  nearly  to  redness.  It  first  becomes  liquid,  though  quite  free  from  wa- 
ter, and  then,  on  increase  of  heat,  is  wholly  resolved  into  pure  oxygen  gas, 
which  escapes  with  effervescence,  and  into  a  white  compound,  called  chloride 
of  potassium,  which  is  left  in  the  retort.  The  composition  of  the  chloric 
acid  and  potaasa  which  constitute  the  salt,  is  stated  below ; — 

Chlorine      .      35.49  or  1  eq.  PoUssium      .      39.15  or  1  eq. 

Oxygen       .40      or  5  eq.  Oxygen  8      or  1  eq. 

Chloric  acid      75.42  or  1  eq.  Potassa  .     47.15  or  1  eq. 

Hence  the  oxygen  which  passes  over  from  the  retort,  is  derived  partly 
from  the  potassa  and  partly  from  the  chloric  acid ;  while  chlorine  and  potas* 
slum  enter  into  combination.  Thus  are  122.57  grains  of  the  chlorate  resoHr- 
ed  into  74.57  grains  of  chloride  of  potassium,  and  48  grains,  or  about  161 
cubic  inches,  of  pure  oxygen. 

Oxygen  gas  is  colourless,  has  neither  taste  nor  smell,  is  not  chemically  af- 
ftcted  by  the  imponderables,  refracts  light  very  feebly,  and  is  a  non-con- 
ductor of  electricity.  It  is  the  most  perfect  negative  electric  that  we  poeseM, 
always  appearing  at  the  positive  pole  when  any  compound  which  contains 
it  is  exposed  to  the  action  of  galvanism.  It  emits  lifi^ht,  as  well  as  heat, 
when  suddenly  and  forcibly  compressed;  but  Thenard  has  shown  that  the 
light  is  entirely  owing  to  the  combustion  of  the  oil  witli  which  the  com- 
pressing tube  IS  lubricated.  When  not  united  with  other  ponderable  mat- 
ter, it  is  always  in  the  form  of  gas ;  but  even  in  this  its  purest  stote  it  b 
probably  combined,  as  is  mast  likely  true  of  all  elementary  principles,  with 
heat,  light,  and  electricity. 

Oxygen  gas  is  heavier  than  atmospheric  air.  The  principal  estimates  vary 
from  1.1026,  that  of  Dulong  and  Berzelius,  to  1.1111  as  given  by  Dr.  Thorn- 
■on.  Judging  from  the  care  devoted  to  the  inquiry,  the  observation  of  Du- 
long and  Berzelius  appears  to  me  most  deserving  of  confidence,  and  I  have 
accordingly  adopted  1.1026  as  correct;  but  it  is  so  important  to  know  the 
exact  specific  gravity  of  oxygen  gas,  that  chemists  anxiously  look  for  the  re- 
aolt  of  the  obeervations  whicn  Dr.  Prout  is  understood  to  have  been  long  en 
gaged  in  on  thia  subject  Adopting  1.1024,  the  number  given  in  the  table, 
page  146,  100  cubic  inches,  when  the  thermometer  is  at  60^  F.  and  the 
barometer  stands  at  30  inches,  would  weigh  34.1872  grains. 

Oxygen  gas  is  very  sparingly  absorbed  by  water,  100  cubic  inches  of  that 
liquid  dissolving  ool^  three  or  four  of  the  gas.  It  has  neither  acid  nor  alka- 
line  properties ;  for  it  does  not  change  the  colour  of  blue  flowers,  nor  does  it 
evince  a  dispneition  to  unite  directly  either  with  acids  or  alkalies.  It  has  a 
very  powerful  attraction  for  most  simple  substances ;  and  there  is  not  one  of 
them  with  which  it  may  not  be  made  to  combine.  The  act  of  combining 
with  oxygen  is  called  oxidation^  and  bodies  which  iiave  united  with  it  are 
said  to  be  oxidized.  The  compounds  so  formed  are  divided  by  chemista  into 
acids  and  oxides.  The  former  division  includes  those  compounds  which  pos- 
sess  the  general  properties  of  acids  ;  and  the  latter  comprehends  those  which 
not  only  want  that  character,  but  of  which  many  are  highly  alkaline,  and 

field  salto  by  uniting  with  acids.  The  phenomena  of  oxidation  are  variable, 
tis  sometimes  produced  with  great  rapidity,  and  witli  evolution  of  heat  and 
light  Ordinary  combustion,  for  instance,  is  nothing  more  than  rapid  oxida- 
tion ;  and  all  inflammable  or  combustible  substances  derive  their  power  of 
burning  in  the  open  air  from  their  affinity  for  oxygen.  On  other  occasions 
it  takes  place  slowly,  and  without  any  appearance  either  of  heat  or  light,  as 
is  exeroi^ified  by  the  rusting  of  iron  when  exposed  to  a  moist  atmosphere. 
Different  as  these  processes  may  appo&r,  oxidation  is  the  result  of  both ;  and 
both  depend  on  the  samo  circumstance,  namely,  the  presence  of  oxygen  in 
the  atmosphere, 
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An  sobstanoM  that  an  cai^ble  of  bornioff  in  the  open  air,  ban  with  ftr 
Ifrcater  briUianey  in  oxygen  ns,  A  piece  ofwood,  on  which  the  leaat  spark 
of  light  is  vinble,  borsla  into  flame  the  moment  it  is  pat  into  a  jar  of  oxygen ; 
lighted  charcoal  emits  beautiful  scintillations ;  and  phosphorus  bums  with 
so  powerful  and  dazzling  a  light  that  the  eye  cannot  bear  its  impression. 
Even  iron  and  steel,  which  are  not  commonly  ranked  among  the  imflamma- 
blea,  undergo  rapid  combustion  in  oxygen  gas. 

The  changes  that  accompany  these  phenomena  are  no  less  remarkable 
than  the  phmomena  themselves.  When  a  lighted  taper  is  put  into  a  Tessel 
of  oxyren  gas,  it  burns  for  a  while  with  increased  splendour ;  but  the  size 
of  the  Same  soon  begins  to  diminish,  and  if  the  mouth  of  the  jar  be  closed, 
the  light  will  in  a  short  time  disappear  entirely.  The  gas  has  now  lost  its 
characteristic  property ;  for  a  second  lighted  taper,  immersed  in  it,  is  in- 
stantly extinguished.  This  result  is  general.  The  burning  of  one  body  in 
a  given  portion  of  oxygen  unfits  it  more  or  less  completely  for  supporting 
the  combustion  of  another;  and  the  reason  is  manifest.  Combustion  is  pro- 
duced by  the  combination  of  inflammable  matter  with  oxygen.  The  quan- 
tity of^ce  oxygen,  therefore,  diminishes  during  the  process,  and  is  at  length 
nearlj  or  quite  exhausted.  The  burning  of  all  bodies,  however  inflamma^ 
Ue,  must  then  cease,  because  the  presence  of  oxygen  is  necessary  to  its  con- 
tinuance. For  this  reason  oxygen  gas  u  called  a  supporter  of  combustion. 
The  oxygen  often  loses  its  gaseous  form  as  well  as  its  other  properties.  If 
phosphorus  or  iron  be  bum^  in  a  jar  of  pore  oxygen  over  water  or  mer- 
cury, the  disappearance  of  the  gas  becomes  obvious  by  the  ascent  of  the 
liqiud,  which  is  forced  up  by  the  pressure  of  the  atmosphere,  and  fills  the 
vessel.  Sometimes,  on  the  contrary,  the  oxygen  gas  suflers  diminution  dT 
volume  onlv,  or  it  may  even  undergo  no  change  of  bulk  at  all,  as  is  exem- 
plified by  the  combustion  of  the  diamond. 

The  changes  experienced  by  the  burning  body  are  equally  striking. 
While  the  oxygen  loses  its  power  of  supporting  combustion,  the  inflamma- 
ble substance  Uys  aside  its  combustibility.  It  is  then  an  oxidized  body,  and 
cannot  be  made  to  burn  even  by  aid  of  the  purest  oxygen  gas.  It  has  also 
increased  in  weight  It  is  an  error  to  suppose  that  bodies  lose  any  thing 
while  they  bum.  The  materials  of  our  fires  and  candles  do  indeed  disap- 
pear, but  they  are  not  iestroyed.  Although  they  fly  off  in  the  gaseous  form, 
and  are  commonly  lost  to  us,  it  is  not  difficult  to  collect  and  preserve  all  the 
pfoducCs  of  combustion.  When  this  is  done  with  the  required  care,  the  com- 
bostible  matter  is  always  found  to  weigh  more  after  than  before  combus- 
tion ;  and  the  increase  in  weight  is  exactly  equal  to  the  quantity  of  oxygen 
which  has  disappeared  during  the  process. 

Oxygen  gas  is  necessary  to  respiration.  No  animal  can  live  in  an  atmo- 
sphere which  does  not  contain  a  certain  portion  of  uncombined  oxygen ;  for 
an  animal  soon  dies  if  put  into  a  portion  of  air  from  which  the  oxygen  has 
been  previously  removed  by  a  burning  body.  It  niav,  therefore,  be  antici- 
pated that  oxygen  is  consumed  during  respiration.  If  a  bird  be  confined  in 
a  limited  quantity  of  atmospheric  air,  it  will  at  first  feel  no  inconvenience; 
but  as  a  portion  of  oxygen  is  withdrawn  at  each  inspiration,  its  quantity  di- 
minishes rapidly,  so  that  respiration  soon  becomes  laborious,  and  in  a  short 
time  ceases  altogether.  Should  another  bird  be  then  introduced  into  the 
same  air,  it  will  die  in  the  course  of  a  fow  seconds ;  or  if  a  lighted  candle 
be  immersed  in  it,  its  flame  will  be  extinguished.  Respiration  and  combus- 
tion have,  therefore,  the  same  efiecL  An  animal  cannot  live  in  an  atmosphere 
which  is  unable  to  support  combustion ;  nor,  in  general,  can  a  candle  bum 
in  air  which  contains  too  little  oxygen  for  respiration. 

It  is  singular  that,  thooff^h  oxygen  is  necessary  to  respiration,  in  a  state  of 
parity  it  is  deleterious.  When  an  animal,  as  a  rabbit  for  example,  is  sup- 
plied with  an  atmosphere  of  pure  oxygen  gas,  no  inconvenience  is  at  first 
perceived;  but  after  the  interval  of  an  hour  or  more,  the  circulation  and  re- 
spiration become  very  rapid,  and  the  system  in  general  is  highly  excited. 
Symptoms  of  debility  subsequently  ensue,  foUowod  by  insensibility;  and 
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dflath  ooeun  in  ttx,  ten,  or  twelve  houra.  On  examtiuitMm  after  detUi*  the 
Uood  is  found  hi||rhlv  florid  io  every  part  of  the  body,  and  the  heart  acta 
■trongly  even  ailer  the  breathing  has  oeaaed.  For  theae  experiments  we  are 
indeUed  to  Mr.  firoughton. 

THEORY  OF  COMBUSTION. 

The  only  phenomena  of  combostion  noticed  by  an  ordinary  obeenrer,  are 
the  deatroction  of  the  burning  body,  and  the  developemcnt  of  heat  and  light; 
bat  it  has  been  demonstrated  tliat  in  addition  to  these  circumstances,  oxyipen 
gas  invariably  disappears,  and  a  new  compound  consisting  of  oxygen  and 
toe  combustible  is  generated.  The  term  combusiion^  therefore,  in  its  com- 
mpn  signification,  implies  the  rapid  union  of  oxygen  gas  and  combustible 
matter,  accompanied  with  heat  and  light.  As  the  evolution  of  heat  and  light 
is  dependent  on  chemical  action,  the  same  phenomena  may  be  expected  in 
other  chemical  processes ;  and,  accordingly,  heat  and  light  are  frequently 
emitted  quite  independently  of  oxygen.  Thus  phosphorus  takes  fire,  and  a 
taper  burns  for  a  short  time,  in  a  vessel  of  chlorine ;  and  several  of  the  com- 
mon metals,  suph  as  copper,  antimony,  and  arsenic,  in  a  state  of  fine  divi- 
sion, become  red-hot  wlien  introduced  into  a  jar  of  that  gas.  Potassium 
takes  fire  in  cyanogen  gas ;  and  oopper.leaf  or  iron  wire,  if  moderately  heat- 
ed, underffoes  the  same  change  in  the  vapour  of  sulphur.  A  mixture  of  iron 
filings  and  sulphur,  when  heated  so  as  to  bring  the  latter  into  perfect  fusion, 
emits  intense  heat  and  light  at  the  instant  of  combination ;  and  a  like.«flnct, 
though  in  a  far  less  degree,  is  produced  by  the  action  of  concentraM  sul- 
phuric  acid  on  pure  magnesia.  Most  of  these  and  similar  examD|ii,  espe- 
cially when  one  of  the  combining  substances  is  gaseous,  are  fre^ntly  in- 
cluded under  the  idea  of  combustion ;  and  tbey  oertainlv  belong  to  the  same 
class  of  phenomena.  In  the  subsequent  observations,  however,  I  shall  em- 
ploy the  term  in  its  ordinary  sense ;  but  the  remarks  concerning  increase  of 
temperature,  whether  with  or  without  light,  apply  equally  to  all  caaea  where 
heat  is  developed  as  a  result  of  chemical  action. 

For  many  years  prior  to  the  discovery  of  oxygen  ^s,  the  phenomena  oC 
combustion  were  explained  on  the  Stahiian  or  phlogistic  hypothesis;  AH 
combustible  bodies,  according  to  Stahl,  contain  k  certain  principle  which  he 
called  phlogiston^  to  the  presence  of  which  he  ascribed  their  combustibility. 
He  supposed  that  when  a  bod^  burns,  phlogiston  escapee  from  it ;  and  that 
when  the  body  has  lost  phlogiston,  it  ceases  to  be  combustible,  and  is  then  a 
dephlogisticated  or  incombustible  substance.  A  metallic  oxide  was  conse- 
quently regarded  as  a  simple  substance,  and  the  metal  itself  as  a  compound 
of  its  oxide  with  phlogiston.  The  heat  and  liffht  which  accompany  combus- 
tion were  attributed  to  the  rapidity  with  which  phlogiston  is  evolved  dnring 
the  process. 

The  discovery  of  oxygen  proved  fatal  to  the  Stahiian  doctrine.  Lavoisier 
had  the  honour  of  overthrowing  it,  and  of  substituting  in  its  place  the  anti- 
^istic  theory.  The  basis  of  his  doctrine  has  already  been  stated, — that 
and  0  " "    '      " 


oombustion  and  oxidation  in  general  consist  in  the  combination  of  combus- 
tible  matter  with  oxygen.  This  fact  he  establiHhed  beyond  a  doubt.  On 
burning  phosphorus  in  a  jar  of  oxygen,  he  observed  that  a  considerable 
quantity  of  the  gas  disappeared,  that  the  phosphorus  gained  materially  in 
weight,  and  that  the  increase  of  the  latter  exactly  corresponded  to  the  Ums 
of  the  former.  An  iron  wire  was  burnt  in  a  similar  manner,  and  the  weight 
of  the  oxidized  iron  was  found  equal  to  that  of  the  wire  originally  employed, 
added  to  the  quantity  of  oxvgen  which  had  disappeared.  That  the  oxygui 
is  really  present  in  the  oxidized  body  he  proved  by  a  very  decisive  experi- 
ment Some  liquid  mercury  was  confined  in  a  vessel  of  oxygen  gas,  and  ex- 
posed to  a  temperature  sufficient  for  causing  its  oxidation.  The  oxide  of 
mercury,  so  produced,  was  put  into  a  small  retort  and  heated  to  redness, 
when  it  was  reconverted  into  oxygen  and  flnid  mercury,  the  quantity  oi 
the  oxygen  being  exactly  equal  to  that  which  had  combined  with  the  mer- 
cury in  the  first  part  of  the  operation. 
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To  aeooant  for  Uie  productioa  of  heat  and  li(|^t  during  combvwtion^  Ld- 
Toiuer  had  reconne  to  Dr.  Black's  theory  of  latent  hoaU  Hoat  ia  alwaya 
evolved,  whcDeter  a  aubatance,  without  chango  of  form,  paaiea  from  a  rarer 
into  a  denaer  state,  and  also  when  a  gas  becomes  liquid  or  solid,  or  a  li^^uid 
solidifies ;  becanae  a  quantity  of  heat  previously  combined,  or  latent,  within 
it,  is  then  set  free.  Kow  this  is  precisely  what  happena  in  many  instances 
of  combustion.  '  Thus  water  is  formed  by  the  burning  of  hydrogen,  in  which 
case  two  gases  ^ve  rise  to  a  liquid ;  and  in  forming  phosphoric  add  with 
phosphorus,  or  in  oxidizing  metals,  oi^gen  is  condensed  into  a  solid.  When 
the  jModuet  of  combustion  is  gaseous,  as  in  the  burning  of  charcoal,  the  evo- 
lution of  beat  is  ascribed  to  the  circumstance  that  the  oxidized  body  con- 
tains a  smaller  quantity  of  combined  heat,  or  has  a  amdler  specific  heat, 
than  the  subetancea  by  which  it  is  produced. 

This  IB  the  weak  point  of  Lavoisier's  theory.  Chemical  action  ia  very 
often  accompanied  by  increase  of  temperature,  and  the  heat  evolved  during 
combustion  is  only  a  particular  instance  of  it.  Any  theory,  therefore,  by 
which  U  is  proposed  to  account  for  the  production  of  heat  in  some  cases, 
oi^ht  to  be  applicable  to  alL  Wlien  combustion,  or  any  other  chemical  ac- 
tion, is  followed  by  considerable  condensation,  in  consequence  of  which  the 
new  body  contains  less  insensible  heat  than  its  elements  did  before  combina- 
tion, it  is  obvious  that  heat  will,  in  that  case,  be  disengaged.  But  if  this 
were  the  sole  cause  of  the  phenomenon,  a  riso  of  temperature  should  always 
be  preceded  by  a  corresponding  diminution  of  specific  heat,  and  the  extent 
of  the  former  ought  to  be  in  a  constant  ratio  with  the  degree  of  the  Utter.  Now 
Petit  and  Dulong infer  from  their  researches  on  this  subject,  (Annales  dc  Chim. 
et  de  Phys.  vol.  x.)  that  the  degree  of  heat  developed  during  combination, 
bears  no  relation  to  the  specific  heat  of  the  combining  substances ;  and  that 
in  the  majority  of  cases,  the  evolution  of  heat  is  not  attended  by  any  dimi- 
nution in  the  specific  heat  of  the  compound.  It  is  a  well  known  fact,  that 
increase  of  temperature  frequently  attends  chemical  action,  though  the  pro- 
dttctB  contain  much  more  insensible  heat  than  the  substances  from  which 
they  were  formed.  This  happens  remarkably  in  the  explosion  of  gonpow. 
der,  which  u  attended  by  intense  heat ;  and  yet  its  materials,  in  passing 
from  the  solid  to  the  gaseous  state,  expand  to  at  least  '250  times  their  volume, 
and  consequently  render  latent  a  large  quantity  of  heat 

Tbem  ctrcumsCances  leave  no  £mbt  that  the  evolution  of  heat  during 
chemical  action  is  owing  to  some  cause  quite  unconnected  with  that  as- 
signed by  Lavoisier;  and  if  this  cause  operates  so  powerfully  in  some  cases, 
it  is  foir  to  infer  tliat  part  of  the  efTect  must  be  owing  to  it  on  those  occa- 
ciona,  when  the  phenomena  appear  to  depend  on  change  of  specific  heat 
alone.  A  new  theory  is,  therefore,  required  to  account  for  the  chemical 
production  of  heat  But  it  is  easier  to  perceive  the  fallacies  of  one  doctrine, 
than  to  substitute  another  which  shall  be  faultless ;  and  it  appears  to  me 
that  chemists  must,  for  the  present,  be  satisfied  with  the  simple  statement, 
that  energetic  chemical  action  does  of  itself  give  rise  to  increase  of  tempo- 
rature.  Beraalios,  in  adopting  the  electro-chemical  theory,  regards  the  heat 
of  combination  as  an  electrical  phenomeoon,  believing  it  to  arise  from  the 
oj^Misitely  electrical  substances  neutralizing  one  anoUier,  in  the  same  man- 
ner as  tlie  electric  eqtiilibriam  is  restored  during  the  discharge  of  a  Leyden 
jar.  Tliere  are  indeed  strong  grounds  for  believing  that  electrical  action  is 
an  essential  part  of  every  chemical  change,  and  it  is  probable  that  the  heat 
developed  during  the  latter  may  be  due  to  the  former ;  but  this  part  of  sci- 
enee  is  as  yet  too  imperfect  for  indicating  the  precise  mode  by  which  the 
effect  is  produced. 

The  heat  emitted  during  combustion  varies  with  the  nature  of  the  mate- 
rial. The  effect  of  the  combustible  gases  in  raising  the  temperature  of 
wmter,  acoording  to  the  experiments  of  Dr.  Dalton,  is  shown  in  tbe  follow- 
ing Uble;.— (Chemical  Philosophy,  ii.  309.) 
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Hydro^D,  in  burning,  raites  an  eqoal  volume  of  water    .  h^  F. 

Carbonic  oxide  .  .  .  .  .        4}        . 

Light  carburetted  hydrogen  .  18 

defiant  gas         ......  27 

Coal  gaa  variea  with  tho  quality  of  the  gaa  firom   .  .    10  to  16 

Oil  gai  varies  alio  with  the  quality  of  uie  gaa  from    .         12  to  20 

Dr.  Dalton  further  states  that  generally  the  combustible  gases  give  out 
heat  nearly  in  proportion  to  the  oxygen  which  they  consume. 

In  the  thirty-seventh  volume  of  the  An.  dc  Ch.  et  de  Ph.,  pa^e  ISO,  M. 
Deapretz  has  given  a  notice  fjf  some  experiments  on  the  heat  developed  in 
combustion.  The  substances  burned  were  hydrogen,  carbon,  phosphorus, 
and  several  metals ;  and  so  much  of  each  was  employed,  as  to  require  the 
same  quantity  of  oxygen.  When  the  combustion  of  hydrogen  gas  pro- 
duced 2576  degrees  of  heat,  carbon  gave  out  2967,  and  iron  5325.  Phos- 
phorus,  zinc,  and  tin  emit  quantities  of  heat  very  nearly  the  same  as  iron. 
Henco  it  follows  that,  for  equal  quantities  of  oxygen,  hydrogen  in  burning 
evolves  less  heat  than  most  other  substances,  lliese  results  do  not  accord 
with  those  of  Daltou. 


SECTION  IV. 

HYDROGEN. 

This  gas  was  formerly  termed  inflammable  air,  from  its  combustibinty, 
and  phlogitlotif  from  the  supposition  that  it  was  the  matter  of  heat ;  but  tlie 
name  hydrogen,  from  vimp  leoler,  and  ytffw  to  generate,  has  now  become 
general.  Its  nature  and  leading  properties  were  first  pointed  out  in  the 
year  1766  by  Mr.  Cavendish.  (Philos.  Trans.  Ivi.  144.) 

Hydrogen  gas  may  be  easily  procured  in  two  ways.  The  first  consists 
in  passing  the  vapour  of  water  over  metallic  iron  heated  to  redness.  This 
is  done  by  putting  iron  wire  into  a  gun-barrel  open  at  both  ends,  to  one  of 
which  is  attached  a  retort  containing  pure  water,  and  to  the  other  a  bent 
tube.  The  gun-barrel  is  placed  in  a  furnace,  and  when  it  has  acquired  a 
full  red  heat,  the  water  in  the  retort  is  made  to  boil  briskly.  The  gas, 
which  is  copiously  disengaged  as  soon  as  the  steam  comes  in  contact  with 
the  glowing  iron,  passes  along  the  bent  tube,  and  may  be  collected  in  con- 
venient  vessels,  by  dipping  the  free  extremity  of  the  tube  into  the  water  of  a 
pneumatic  trough.  The  second  and  most  convenient  method  consists  in 
putting  pieces  of  iron  or  zinc  into  dilute  sulphuric  acid,  formed  of  one  part 
of  strong  acid  and  four  or  five  of  water.  Zinc  is  generally  preferred.  The 
hydrogen  obtained  in  these  processes  is  not  absolutely  pure.  The  gaa 
evolved  during  tlie  solution  of  iron  has  an  offensive  odour,  ascribed  by  £r. 
zelius  to  tiie  presence  of  a  volatile  oil,  which  may  be  almost  entirely  re- 
moved by  transmitting  the  gas  through  alcohol.  The  oil  appears  to  arise 
from  some  compound  being  formed  between  hydrogen,  and  the  carbon  which 
is  always  contained  even  in  the  purest  kinds  of  common  iron ;  and  it  is 
probable  that  a  little  carburetted  hydrogen  gas  is  generated  at  the  same 
time.  The  zinc  of  commerce  contains  sulphur,  and  almost  always  traces  of 
charcoal,  in  consequence  of  which  it  is  contaminated  with  hydrosulphurie 
add,  and  probably  with  the  same  impurities,  though  in  a  less  degree,  as  are 
derived  from  iron.  A  little  metallic  zinc  is  also  contained  in  it,  apparently 
in  combination  with  hydrogen.  All  these  impurities,  carburetted  hydrogen 
excepted,  may  be  removed  by  passing  the  hydrogen  through  a  solution  of 
pure  potaasa.  To  obtain  hydrogen  of  great  purity,  distilled  zinc  should  be 
employed. 
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Hydrogen  it  a  colourless  pas,  when  pure  has  nettlier  odour  nor  taste,  and 
b  &  powerful  refiractor  of  ligrht.  Like  oxygen,  it  cannot  be  resolved  into 
more  simple  parts,  and,  like  that  gas,  has  hitherto  resisted  all  attempts  to 
compress  it  into  a  liquid.  It  is  the  lightest  body  in  nature,  and  is  conse- 
quently the  best  material  for  filling  baUoons.  From  its  extreme  lightness 
it  is  difficult  to  ascertain  its*  precise  density  by  weighing;  bemuse  Uie  pre- 
sence of  minute  quantities  of  common  air  or  watery  vapour  occasions  con- 
siderable error.  By  the  table  of  specific  gravities  (page  146),  it  sppears 
that  hydrogen  gas  is  just  16  times  lighter  than  oxygen,  an  inference  de- 
rived from  the  composition  of  wi^r  to  be  shortly  stated:  it  hence  follows 
that  100  cubic  inches  of  hydrogen  gas  at  60<>  F.  and  30  inches  Bar.  should 
weigh  ^^  X  34.1873  sb  3.1&7  grains,  and  that  ito  specific  gravity  is 
0.0689. 

Hydrogen  does  not  chan^  the  blue  colour  of  vegetables.  It  is  sparingly 
absorbed  oy  water,  100  cubic  inches  of  that  liquid  dissolving  about  one  and 
a  half  of  ihe  gas.  It  cannot  support  respiration;  for  an  animal  soon  per- 
ishes when  confined  in  it  Death  ensues  from  deprivation  of  oxygen  rather 
than  from  any  noxious  quality  of  the  hydrogen;  since  an  atmosphere 
composed  of  a  due  proportion  of  oxygen  and  hydrogen  jmcs  may  be  re. 
spired  without  inconvenience.  Nor  is  it  a  supporter  of  combustion;  for 
when  a  lighted  candle  fixed  on  wire  is  passed  up  into  an  Inverted  jar  fiill  of 
hydrogen  gas,  the  light  instantly  disappears. 

Hydrogen  ^as  is  inflammable  in  an  eminent  degree,  though,  like  other 
combustibles,  it  requires  the  aid  of  a  supporter  of  combustion.  This  is  ex- 
emj^tfied  by  the  experiment  above  alluded  to,  in  which  the  gas  is  kindled 
by  the  flame  of  a  candle,  but  bums  onl^  where  it  is  in  contact  with  the  air. 
Its  combustion,  when  conducted  in  this  manner,  goes  on  tranquilly,  and  u 
attended  with  a  yellowinh-Uue  flame  and  a  very  feeble  light  The  pheno- 
mena are  different  when  the  hydrogen  is  previously  mixed  with  a  due  quan- 
tity of  atmospheric  air.  The  approach  or  flame  not  only  sets  fire  to  the  gas 
near  it,  but  the  whole  is  kindled  at  the  same  instant ;  and  a  flash  of  light 
passes  through  the  mixture,  followed  by  a  violent  explosion.  The  best  pro- 
portion for  the  experiment  is  two  measures  of  hydrogen  to  five  or  six  of  air. 
The  explosion  is  fkr  more  yiolent  when  pure  oxygen  is  used  instead  of  at- 
mospheric  air,  particularly  when  the*  gases  are  mixed  together  in  the  ratio 
of  one  measure  of  oxygen  to  two  of  hydrogen. 

Oxygen  and  hydrogen  gases  cannot  combine  at  ordinary  temperatures, 
and  may,  therefore,  be  kept  in  a  state  of  mixture  without  even  gradual  com- 
bmation  taking  place  between  them.  Hydrogen  may  be  set  on  fire,  when 
in  contact  with  air  or  oxygen  gas,  by  flame,  by  a  solid  body  heated  to  bright 
redness,  and  by  the  electric  spark.  If  a  jet  of  hydrogen  gas  be  thrown  upon 
recently  prepared  spongy  pkitinum,  this  metal  almost  instantly  becomes 
red-hot,  and  then  sets  fire  to  the  gas,  a  dbcovery  which  was  made  in  the 
year  1824,  by  Professor  Doebereiner  of  Jena.  The  power  of  flame  and 
electricity,  in  causing  a  mixture  of  hydrogen  with  air  or  oxygen  gas  to 
explode,  is  limited.  Mr.  Cavendish  found  that  flame  occasions  a  very  feeble 
explosion  when  the  hydrogen  is  mixed  with  nine  times  its  bulk  of  air ;  and 
that  a  mixture  of  four  measures  of  hydrogen  with  one  of  air  does  not  ex- 
plode at  all.  An  explosive  mixture,  formed  of  two  measures  of  hydrogen 
and  one  of  oxygen  gas,  explodes  from  dl  the  causes  above  enumerated. 
Biot  found  that  sudden  and  violent  compression  likewise  causes  an  explo- 
sion, apparently  fi^om  the  heat  emitted  during  the  operation ;  for  an  equal 
degree  of  condensation,  slowly  produced,  has  not  toe  same  effect  The 
el^tric  spark  ceases  to  cause  detonation,  when  the  explosive  mixture  is 
diluted  with  twelve  times  its  yolumo  of  air,  fourteen  of  oxygen,  or  nine  of 
hydrogen;  or  when  it  is  expanded  to  sixteen  times  its  bulk  by  diminiahed 
pressure.  Spongy  platinum  acts  just  as  I'apidly  as  flame  or  the  electric 
ipark  in  producing  explosion,  provided  the  gases  are  <}uite  pure  and  mixed 
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in  the  exact  ratio  of  two  to  one.*  Mf>  Faraday  finds  that  platinum  fofl,  if 
perfectly  dean,  prodooee  gradual  thouf  h  rather  rapid  comlMnation  of  the 
gases,  often  followed  by  explosion.  (Phil  Trans.  1834.) 

When  the  action  of  heat,  the  electric  spark,  and  spongy  platinum  no 
longer  cause  explosion,  a  silent  and  gradual  combination  between  the  gases 
may  still  be  occasioned  by  them.  Sir  H.  Dftvy  obserred  that  oxygen  and 
hydrogen  gases  unite  slowly  with  one  another,  when  they  are  expcned  to  a 
temperature  above  the  boiling  point  of  mercury,  and  below  that  at  which 
glass  begins  to  appear  lummous  in  the  dark.  An  explosive  mixture, 
diluted  with  air  to  too  great  a  degree  to  explode  by  electricity,  is  made  to 
unite  silently  by  a  succession  of  electric  sparks.  Spongjf  platinum  causes 
them  to  unite  slowly  though  mixed  with  one  hundred  times  their  bulk  of 
oxygen  gas. 

A  large  quantity  of  heat  is  evolved  during  the  combustion  of  hydrogen 
gas.  Lavoisier  concludes  from  experiments  made  with  his  calorimeter, 
(Elements,  vol.  i.)  that  one  pound  of  hydrogen  occasions  as  much  heat  in 
burning  as  is  sufficient  to  melt  295.6  pouncb  of  ice.  Dr.  Dalton  fixes  the 
quantity  of  ice  at  320  pounds,  and  Dr.  Crawford  at  480.  The  most  intense 
heat  that  can  be  produced,  is  caused  by  the  combustion  of  hydrogen  in 
oxygen  gas.  Dr.  Hare  of  Philadelphia,  who  first  burned  hydrogen  for  this 
purpose,  collected  the  gases  in  separate  gasholders,  from  which  a  stream  was 
made  to  issue  througn  tubes  communicating  with  each  other,  just  before 
their  termination.  At  this  point  the  jet  of  the  mixed  gases  was  inflamed. 
The  effect  of  the  combustion,  though  very  great,  is  materially  increased  by 
forcing  the  two  gases  in  due  proportion  into  a  strong  metallic  vessel  by 
means  of  a  condensing  syrin^,  and  setting  fire  to  a  jet  of  the  mixture  as  it 
issues.  An  apparatus  of  this  kind,  now  known  by  the  name  of  the  oxy- 
hydrogen  blowpipe,  was  contrived  by  Mr.  Newman,  and  employed  by 
the  late  Professor  Clarke  in  his  experiments  on  the  fiision  of  remctory 
substances.  On  opening  a  stop-cock  which  confines  the  compressed  gases, 
a  let  of  the  explosive  mixture  issues  with  force  through  a  small  blowpipe- 
tube,  at  the  extremity  of  which  it  is  kindled.  In  thu  state,  however,  the 
apparatus  should  never  be  used ;  for  as  the  reservoir  is  itself  full  of  an  ex- 
ploaiye  mixture,  there  is  great  danger  of  the  flame  running  back  along  the 
tube,  and  setting  fire  to  the  whole  gatf  at  once.  To  prevent  the  occurrence 
of  such  an  accident,  which  would  most  probably  prove  fatal  to  the  operator. 
Professor  Cumming  proposed  that  the  gas,  as  it  issues  ftom  the  reservoir, 
should  be  made  to  pass  through  a  cylinder  full  of  oil  or  water  before  reach- 
ing  the  point  at  which  it  is  to  burn;  and  Dr.  Wollaston  suggested  the 
additional  precaution  of  fixing  successive  layers  of  fine  wire  gause  within 
the  exit  tube,  each  of  which  would  be  capable  of  intercepting  the  communi- 
cation  of  flame.  A  modification  of  this  apparatus  has  been  devised  by  Mr. 
Gumey ;  but  both  bis  and  Newman*s  are  rendered  unnecessary  by  the  safety 
tube  lately  proposed  by  Mr.  Hemming.  It  consists  of  a  brass  cylinder, 
about  6  inches  long,  and  3.4th8  of  an  inch  wide,  fiUed  with  very  fine  brass 
wire  in  length  equS  to  that  of  the  tube.  A  pointed  rod  of  metal,  1.8th  of  an 
inch  thick,  is  then  forcibly  inserted  through  the  centre  of  the  bundle  of 
wires  in  the  tube,  so  as  to  wedge  them  ti^tly  together.  The  interstices 
between  the  wires 'thus  constitute  very  fine  metalhc  tubes,  the  conducting 
power  of  which  is  so  great  as  entirely  to  intercept  the  passage  of  flame. 
The  mixed  gases  are  supplied  from  a  common  bladder.  (Phil.  Mag.  3rd 
S.  L  82.)    A  very  intense  heat  may  be  safely  and  easily  procured  by  passing 

*  For  a  variety  of  facts  respecting  the  causes  which  prevent  the  action  of 
flame,  electricity,  and  platinum  in  producing  detonation,  the  reader  may 
consult  the  essay  of  M.  Grottbus  in  the  Ann.  de  Chimie,  voL  Ixxxii.;  Sir  H. 
Davy's  work  on  >lame;  Dr.  Henry's  essay  in  the  Philosophical  Transac- 
tions  for  1824;  and  a  paper  by  myself  in  the  Edinburgh  Philosophical  Jour- 
nal for  the  same  year. 
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a  jet  of  oiygen  gas  through  the  flame  of  a  ■pirit  lamp,  u  propoBcd  by 
the  .late  Dr.  Marcet  An  elegant  improvement  on  this  principle  has  been 
devised  by  Mr.  IHmieU,  by  fixing  a  jet  for  conveying  oxygen  vrithin 
another  jet  for  hydrogen  or  coal  gas,  so  that  a  current  of  oxygen  may  \jb 
introduced  into  the  middle  of  the  flame.  (Phil.  Mag.  ii.  57.  3rd  Series.) 
The  heat  from  this  apparatus  is  quite  sufiicient  for  most  purposes ;  and  it 
may  be  still  further  mcreascd  by  causing  the  gases  to  pass  separately 
through  heated  tubes,  in  order  that  they  may  have  a  temperature  of  400^  or 
500°  on  issuing  from  the  jets. — On  this  principle  is  founded  the  patent  of 
Mr.  Dunlop,  of  the  Carron  Iron  Works,  for  increasing  the  temperature  of 
blast  furnaces :  the  air  which  supports  the  combustion  is  previously  heated 
by  transmission  through  iron  tubes  kept  at  a  low  red  heat,  whereby  the 
power  of  the  furnaces  is  surprisingly  increased,  and  a  great  saving  in  fuel 
and  time  is  accomplished. 

The  compounds  of  hydrogen  described  in  this  section  are  two  in  number, 
the  composition  of  which  is  as  follows : — 

By  Weijjht  By  Volume. 

Hydrogen.  Oxygen.     Equiv.  Hyd.   Oxy. 

Water  (protoxide  of  hydrogen)  1  or  1  oq^  8  or  1  eq.s     9  100        50 

Peroxide  of  hydrogen                 1  or  I  eq.4-16  or  3  eq.s3  17  100      100 

The  chemical  symbol  of  water  is  H-f-O,  or  H,  and  sometimes  Aq  from 

aqua ;  and  that  of  the  peroxide  is  H-|-30,  or  H. 

WATER. 

Water  is  the  sole  product  of  the  combustion  of  hydrogen  gas.  For  this 
important  fact  we  are  indebted  to  Mr.  Cavendish.  He  demonstrated  it  by 
burning  oxygen  and  hydrogen  gases  in  a  drjr  glass  vessel ;  when  a  quantity 
of  pure  water  was  generated,  exactly  equal  in  weight  to  that  of  the  gases 
which  had  disappeared.  This  experiment^  which  is  the  synthetic  proof  of 
tho  composition  of  water,  was  afterwards  made  on  a  much  larger  scale  in 
Paris  by  Vanqoelin,  Fourcroy,  and  Seguin.  Lavoisier  first  demonstrated  its 
nature  analytically,  by  passing  a  known  quantity  of  watery  vapour  over  me- 
tallic  iron  heated  to  redness  in  a  glass  tube.  Hydrogen  gas  was  disengased, 
the  metal  in  the  tube  was  oxidiz^,  and  the  weight  of  the  former,  added  to 
tho  increase  which  the  iron  had  experienced  from  combining  with  oxygen, 
cxacUy  corresponded  to  the  quantity  of  water  decomposed. 

A  knowledge  of  the  exact  proportions  in  which  oxygen  and  hydrogen 
^aaes  unite  to  form  water,  is  a  necessary  element  in  many  ohemical  reason, 
jngs.  Its  composition  by  volume  was  demonstrated  very  satisfactorily  by 
Messrs.  Nicholson  and  Carlisle,  in  their  researches  on  the  chemical  agency 
of  ^vanism.  On  resolving  water  into  its  elements  by  this  agent,  and  coL 
lecting  them  in  separate  vessels,  they  obtained  precisely  two  measures  of 
hydrogen  and  one  of  oxygen, — a  result  which  has  been  fully  confirmed  by 
subsequent  experimenters.  The  same  fact  was  proved  synthetically  by  Gay. 
Lussac  and  Humboldt,  in  their  Essay  on  Eudiometry,  published  in  the  Jour- 
He!  de  Pkjf$igne  for  1805.  They  found  that  when  a  mixture  of  oxygen  and 
hydrogen  is  inflamed  by  the  electric  spark,  those  gases  always  unite  in  tiie 
exact  ratio  of  one  to  two,  whatever  may  be  their  relative  quantity  in  the 
mixture.  When  one  measure  of  oxygen  is  mixed  with  three  of  hydrogen, 
one  measure  of  hydrogen  remains  after  the  explosion;  anc)  a  mixture  of  two 
measures  of  oxygen  and  two  of  hydrogen  leaves  one  measure  of  oxygeitr 
When  one  volume  of  oxy^n  is  mixed  with  two  of  hydrogen,  both  gases,  if 
quite  pure,  disappev  entirely  on  the  electric  spavk  being  passed  through 
them.  The  compontion  of  water  by  weight  was  determined  with  great  care 
by  Bersclius  and  Dulong ;  and  we  cannot  hesitate,  considering  the  known 
die»1erity  of  Ih?  operators,  apd  the  principle  on  which  their  method  of  anft. 
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lysis  was  foanded,  to  re|fBrd  their  resalt  u  a  nearer  approximation  to  the 
truth  than  thai  of  any  of  their  predecessors.  They  state,  as  a  mean  of  three 
careful  experiments,  (Ann.  de  Ch.  et  de  Ph.  vol  xv.)  tliat  100  parU  of  pare 
water  consist  of  11.1  of  hydrogen  and  86.9  oxygen,  which  is  the  ratio  of  1  to 
8.009,  very  nearly  that  of  1  to  8  above  stated. 

The  processes  for  procuring  a  supply  of  hydrogen  gas  will  now  be  intelli- 
gihle.  The  first  is  the  method  by  which  Lavoisier  miuie  the  analysis  of  wa- 
tor.  It  is  founded  on  the  fact,  that  iron  at  a  red  heat  decomposes  water,  the 
oxygen  of  that  liquid  uniting  with  the  metal,  and  the  hydrogen  gas  being 
set  free.  That  the  hydrogen  which  is  evolved  when  zinc  or  iron  is  put  into 
dilute  sulphuric  acid  must  be  derived  from  tlie  same  source,  is  obvious  from 
the  consideration,  that  of  the  three  substances,  iron,  sulphuric  acid,  and  wa- 
ter, the  last  is  the  only  one  which  contains  hydrogen.  The  product  of  the 
operation,  besides  hydrogen,  is  sulphate  of  the  protonde  of  iron,  if  iron  is 
used,  or  of  the  oxide  of  zinc,  when  zinc  is  employed.  The  knowledge  of  the 
combining  proportions  of  these  substances  will  readily  give  the  exact  quan- 
tity of  each  product.    These  numbers  i 


Water  (8  oxy.  +  1  hyd.) 9 

Sulphuric  acid 40.1 

Iron 28 

Protoxide  of  iron  (28  iron  +  8  oxygen)         .        .  36 

Sulphate  ofthe  protoxide  of  iron  (40.14-36)  .  76.1 

Hence  for  every  9  grains  of  water  which  are  decomposed,  1  grain  of  hydro- 
gen  will  be  set  free ;  8  grains  of  oxygen  will  unite  with  28  grains  of  iron, 
rorming  36  of  the  protoxide  of  iron ;  and  the  36  grains  of  protoxide  will  com- 
bine with  40.1  grains  of  sulphuric  acid,  yielding  76.1  of  sulphate  ofthe  prot- 
oxide of  iron.  A  similar  calculation  may  be  employed  when  zinc  is  used, 
merely  by  substituting  the  equivalent  of  zinc  (32.3)  for  that  of  iron. — Ac- 
cording to  Mr.  Cavendish,  an  ounce  of  zinc  yields  676  cubic  inches,  and  an 
•qaal  quantity  of  iron  782  cubic  inches  of  hydrogen  gas. 

The  action  of  dilute  sulphuric  acid  on  metallic  zinc  affords  an  instance  of 
what  was  once  called  Diipoting  Afiniiy.  Zinc  decomposes  pure  water  at 
common  temperatures  with  extreme  slowness ;  but  as  soon  as  sulphuric  acid 
is  added,  decomposition  of  the  water  takes  place  rapidly,  though  the  acid 
merely  unites  with  oxide  of  zinc.  The  former  explanation  was,  that  the 
affinity  ofthe  acid  for  oxide  of  zinc  disposed  the  metel  to  unite  with  oxygen, 
and  thus  enabled  it  to  decompose  water ;  that  is,  the  oxide  of  zinc  was  sup- 
posed to  produce  an  effect  previous  to  its  existence.  The  obscurity  of  this 
explanation  arises  fWrni  regarding  changes  as  consecutive,  which  are  in 
reality  simultaneous.  There  is  no  succession  in  the  process ;  the  oxide  of 
zinc  is  not  formed  previously  to  its  combination  with  the  acid,  but  at  the 
same  instont  There  is,  as  it  were,  but  one  chemical  change,  which  con- 
sists in  the  combination  at  one  and  the  same  moment  of  zinc  with  oxygen, 
and  of  oxide  of  zinc  with  the  acid ;  and  this  change  occurs  because  these 
two  affinities,  acting  together,  overcome  the  attraction  of  oxygen  and  hydro- 
gen for  one  another. 

Water  is  a  transparent  colourless  liquid,  which  has  neither  smell  nor 
taste.  It  is  a  powerful  refractor  of  light,  conducte  heat  very  slowly,  and  is 
an  imperfect  conductor  of  electricity.  The  experiments  of  Oersted,  and  Cul- 
ladon  and  Storm  have  proved  that  water  is  compressible  by  great  pressure; 
and  according  to  the  latter  observers,  iu  absolute  diminution  for  each  atmo- 
sphere is  51.3  millionthsof  ite  volume.  (An.  de  Cb.  etde  Ph.  xxzvi.  140.)  The 
relations  of  water,  with  respect  to  heat,  are  highly  important;  but  they  hav« 
already  been  discussed  in  the  first  part  of  the  work.  The  specific  gravity 
of  water  is  1,  the  density  of  all  solid  and  liquid  bodies  being  referi«d  to  it  as 
a  term  of  comparison.  One  cubic  inch,  at  62^^  F.  and  30  inches  of  the  baro- 
meter weighs  252.458  grains;  so  that  it  is  815  tinles  as  heavy  as  atmc 
spheric  air. 

Water,  owing  partly  to  the  extensive  range  of  ite  own  affinity,  and  partly 
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to  tlie  nfttafe  e€  its  elemeBts,  if  one  of  the  moat  powerful  agents  whieh  we 
pnaeaK.  The  ptepajation  of  hydn^gen  gae  k  an  example  of  tbia ;  and  in- 
deed there  are  few  oomplez  changea,  wmre  oiygen  and  hydrogen  are  pre- 
seDt,  which  do  not  give  riee  either  to  the  production  or  deoompoaition  of 
water.  Bat,  independently  of  the  elementa  of  which  it  is  oompoaed,  it  com- 
fainea  directly  with  many  bodies.  Sometimea  it  is  contained  in  a  variable 
ratio,  aa  in  ordinary  aolution ;  in  other  oompoonda  it  is  present  in  a  fixed 
definite  proportion,  as  ia  exemplified  by  its  union  with  aereral  of  the  adds, 
the  ■IWKita^  and  all  aalts  that  contain  water  of  crystallization.  These  coni- 
frin^^int^  are  termed  hydraUt,  Thus,  concentrated  sulphuric  acid  is  a  com- 
pound  of  one  equivalent  of  the  real  acid  and  one  equivalent  of  water ;  and 
ita  proper  name  ia  hydrmit  ntlpkurie  oeid^  or  karate  of  mdphurie  odd. 
The  adjunct  hfdf9  has  been  aometimea  need  to  signify  the  presence  of  wa- 
ter  in  definite  proportion ;  but  it  is  advisable,  to  prevent  mistakes,  to  limit 
ita  employment  to  the  compounds  of  hydrogen. 

The  purest  water  which  can  be  foimd  as  a  natural  oroduct,  is  procured 
hj  melting  fiesUy  &Hen  snow,  or  by  receiring  rain  in  dean  vessels  at  a  die- 
tanoe  Cram  houses.  But  this  water  is  not  absolutely  pure ;  for  if  placed 
under  the  exhausted  receiver  of  an  air-pump,  or  healed  briskly  fi>r  a  few 
minutaa,  bnbUea  of  gaa  eaeape  firom  it  The  air  obtained  in  thia  way  firom 
snow  water  is  much  richer  in  oxygen  gas  than  atmospheric  air.  According 
to  the  experiments  of  Gay-Lussao  and  Humboldt,  it  contains  34.6  per  cent 
of  oxygen,  and  the  air  separated  by  ebullition  from  rain  water  contains  32 
per  cent  of  that  gaa.  All  water  which  has  once  fiJIen  on  the  ground  be- 
comes  impregnated  with  more  or  leaa  earthy  or  saline  matters,  and  it  can 
be  separated  from  them  only  by  distillation.  The  distilled  water,  thus  ob- 
tained, and  preserved  in  clean  well-stopped  bottles,  ia  abaolutely  pure.  Re- 
cently boUed  water  haa  the  property  of  abaorbing  a  porticm  of  all  gases, 
when  its  aurfece  is  in  Contact  with  them ;  and  the  absorption  is  promoted 
by  brisk  egitation.  The  feUowing  taUe,  from  Dr.  Henry'a  Chemistry,  shows 
the  abaorfaability  of  different  gases  by  water,  deprived  of  all  its  air  by  ebul- 
litioii. 

100  cubic  inches  of  such  water,  at  the  mean  temperature  and  pressure, 
afaeorbof 

Sulphuretted  hydn^ii 
Carbonic  acid 
Nitrous  acid 
CHefiantgas 
O^gen 
CarUmic  oxide 
Nitrogen 
Hydrogen 

The  estimate  of  Saussure  is  in  general  too  high.  That  of  Drs.  Dalton  and 
Henry  for  nitrous  oxide,  according  to  the  experiments  of  Sir  H.  Davy,  is 
considerably  beyond  the  truth. 

PEROXIDE  OF  HYDROGEN.^ 


Dalton  and  Henry. 

Saussure. 

100  cubic  inches. 

253  cubic  inches. 

100       • 

.     106 

100 

76 

12.5    . 

.        15.3 

.3.7 

6.5 

1.56    . 

6J2 

.     1.56 

.   4.1 

1^6   . 

4.6 

year  ] 
be  obi 


The  binoxide  or  peroxide  of  hydrogen  was  discovered  by  Thenard  in  the 
sar  1818.  Befere  describing  the  mode  of  preparing  this  compound,  it  must 
I  observed  that  there  are  two  oxides  of  barium ;  and  that  when  the  per- 
oxide of  that  metal  is  put  into  a  dilute  acid,  oxygen  gas  is  set  at  liberty,  and 
tbt  peroxide  is  eonveited  into  protoxide  of  harium  or  barvta,  which  com- 
binea  with  the  acid.  When  this  process  is  conducted  with  the  necessary 
precautionB,  the  oxygen  which  ia  set  free,  instead  of  escaping  in  the  form  of 
gaa,  oaitee  with  the  hydrogen  of  the  water,  and  brings  it  to  a  maximum  of 
oxidatioo.    For  a  fiiM  detaU  of  all  the  roinutias  of  the  process,  the  reader  may 
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coniuH  the  original  memoir  of  Thenard;*  the  general  directions  are  the  fbl- 
lowing : — ^To  six  or  seven  ouneei  of  water  add  so  much  pure  concentrated 
hydrochloric  acid  as  is  sufficient  to  diasolve  330  grains  of  baryta ;  and  after 
having  placed  the  mixed  fluids  in  a  glass  vessel  surrounded  with  ice,  add  in 
successive  portions  185  grains  of  peroxide  of  barium  reduced  to  powder,  and 
stir  with  aglass  rod  after  each  addition.  When  the  solution,  which  takes  place 
without  eflmrescence,  is  complete,  sulphuric  acid  is  added  in  sufficient  quan- 
tity for  precipitating  the  whole  of  the  baryta  in  the  form  of  an  Insoluble  sul- 
phate, leaving  the  hydrochloric  acid  in  solution.  Another  portion  of  per- 
oxide of  barium,  amounting  to  185  grains,  is  then  put  into  the  liquid :  the 
free  hydrochloric  acid  ihstantly  acts  upon  it,  and  as  soon  as  it  is  dissolved, 
the  baryta  is  again  separated  as  a  sulphate  by  the  addition  of  sulphuric  acid. 
The  solution  is  then  filtered,  in  order  to  separate  the  insoluble  sulphate  of 
baryta ;  and  fresh  quantities  of  peroxide  of  barium  are  added  in  succession, 
till  about  three  ounces  have  been  employed.  The  liquid  then  contains  from 
35  to  30  times  its  volume  of  oxygen  gas.  The  hydrochloric  acid  which  has 
served  to  decompose  the  peroxide  of  barium  during  the  whole  process,  is  now 
removed  by  the  cautious  addition  of  sulphate  of  oxide  of  silver,  and  the  sul- 
phuric acid  afterwards  separated  by  sobd  baryta. 

Peroxide  of  hydrogen,  as  thus  prepared,  is  still  diluted  with  a  consldera- 
4>le  quantity  of  water.  To  separate  the  latter,  the  mixed  liauids  are  placed, 
with  a  vessel  of  strong  sulphuric  acid,  under  the  exhausted  receiver  of  an 
air-pump.  As  the  water,  evaporates,  the  densitv  of  the  residue  increases, 
till  at  last  it  acquires  the  specific  gravity  of  1.453.  The  concentration  can- 
not be  pushed  further ;  for  if  kept  under  the  receiver  after  reaching  this 
point,  the  peroxide  itself  gradually  but  slowly  volatilises  without  change. 

Peroxide  of  hydrogen,  of  specific  gravity  1.453,  is  a  colourless  transparent 
liquid  without  odour.  It  whitens  the  surfiice  of  the  skin  when  applied  to 
it,  causes  a  pricking  sensation,  and  even  destroys  its  texture  if  the  applica- 
tion be  long  continued.  It  acts  in  a  similar  manner  on  the  tongue;  in 
addition  to  which  it  thickens  the  saliva,  and  tastes  like  certain  metallic 
solutions.  Brought  into  contact  with  litmus  and  turmeric  paper,  it  mdually 
destroys  their  colour  and  makes  them  white.  It  is  slowly  volatilised  tn 
vacuo,  a  fact  which  shows  that  its  vapour  is  much  less  elastic  than  that  of 
water.  It  preserves  its  liquid  form  at  all  degrees  of  cold  to  which  it  has 
hitherto  been  exposed.  At  the  temperature  of  59^  F.  it  is  decomposed, 
being  converted  into  water  and  oxygen  gas.  For  this  reason  it  ought  to 
be  preserved  in  glass  tabes  surrounded  with  ice. 

The  most  remarkable  property, of  peroxide  of  hydrogen  is  its  facility  of 
decomposition.  Diffused  dayliebt  does  not  seem  to  exert  any  influence 
over  it,  and  even  the  direct  solar  rays  act  upon  it  tardily.  It  effervesces 
from  escape  of  oxygen  at  59^  F.,  and  the  sudden  application  of  a  higher 
temperatare,  as  that  of  313^,  gives  rise  to  such  rapid  evolution  of  gas  as  to 
cause  an  explosion.  Water,  apparently  by  combining  with  the  peroxide, 
renders  it  more  permanent ;  but  no  degree  of  dilution  can  enable  it  to  bear 
the  heat  of  boiling  water,  at  which  temperature  it  is  entirely  decomposed. 
All  the  metals  except  iron,  tin,  antimony,  and  tellurium,  have  a  tendency  to 
decompose  the  peroxide  of  hydro^n,  converting  it  into  oxygen  and  water. 
A  state  of  minute  mechanical  division  is  essential  for  producing  rapid 
decomposition.  If  the  metal  is  in  mass,  and  the  peroxide  diluted  with 
water,  the  action  is  slow.  The  metals  which  have  a  strong  affinity  for 
oxygen  arc  oxidized  at  the  same  time,  such  ss  potassium,  sodium,  arsenic, 
molybdehum,  inanganese,  zinc,  tungsten,  and  chromium ;  while  others, 
such  as  gold,  silver,  platinum,  iridium,  osmium,  rhodium,  palladium,  and 
mercury,  retain  the  metallic  state. 

Peroxide  of  hydrogen  is  decomposed  at  common  temperatures  by  many  of 

*  In  the  An.  de  Chim.  et  de  PhyiL  voL  viii.  ix.  x.  and  L ;  Annals  of  Philo- 
•opliy,  voL  xiiip  and  xiv. ;  and  M*  Thenard's  Traits  deClumie, 
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Use  metallic  oxides.  That  Bome  protoxides  should  have  this  effect,  would  be 
anticipated  in  consequence  of  their  tendency  to  pass  into  a  higher  state  of 
oixidation.  The  protoxides  of  icon,  maaganese,  tin,  cobalt,  and  others,  act 
on  this  principle,  and  are  really  converted  into  peroxides.  The  peroxides  of 
barium,  strontium,  and  calcium  may  likewise  be  formed  by  the  action  of 
peroxide  of  hydrogen  on  baryta,  strontia,  and  lime.  But  it  is  a  singular 
fact,  and  I  am  not  aware  that  any  satisfactory  explanation  of  it  has  been 
fWen,  thai  some  oxides  decompose  peroxide  of  hydrogen  without  ^mssing 
into  a  higher  degree  of  oxidation.  The  peroxides  of  lead,  mercury,  gold, 
platinum,  manganese,  and  cobalt,  possess  this  property  in  the  greatest 
perlection,  acting  on  peroxide  of  hydrogen,  when  concentrated,  with  sur- 
prising energy.  The  decomposition  is  complete  and  instantaneous;  oxygen 
gas  is  evolved  so  rapidly  as  to  produce  a  kind  of  explosion,  and  such  intense 
temperature  is  excited,  that  the  glass  tube  in  which  the  experiment  is  con- 
ducted becomes  red-hot.  The  reaction  is  very  great  even  when  the  per- 
oxide of  hydrogen  is  diluted  with  water.  Oxide  of  silver  occasions  very 
perceptible  efiervesoence  when  put  into  water  which  contains  only  l^Oth  of 
its  bulk  of  oxygen.  All  the  roetsllic  oxides,  which  are  decomposed  by  a 
red  heat,  such  as  those  of  gold,  platinum,  silver,  and  mercury,  are  reduced 
to  the  metallic  state  when  they  act  upon  peroxide  of  hydrogen.  Thb  effect 
cannot  be  altogether  ascribed  to  heat  diseogaged  during  the  action;  for 
oxide  of  silver  suffisrs  reduction  when  put  into  a  very  dilute  solution  of  the 
peroxide,  although  the  decomposition  is  not  then  attended  by  an  apprecia- 
Ue  rise  of  temperature. 

While  the  tendency  of  metals  and  metallic  oxides  is  to  decompose  the 
peroxide  of  hydrogen,  acids  have  the  property  of  rendering  it  more  stable. 
in  proof  of  this,  let  a  portion  of  that  liquid,  somewhat  diluted  with  water,  be 
heated  till  it  begins  to  effervesce  from  the  escape  of  oxvgen  gas ;  let  some 
■trcBg  acid,  as  the  nitric,  sulphuric,  or  hydrochloric,  be  thai  drraped  into  it, 
and  the  effisrvesoenoe  will  cease  on  the  instant  When  a  little  finely 
divided  gold  is  put  into  a  weak  solution  of  peroxide  of  hydrogen,  containing 
only  10, 20,  or  30  times  its  bulk  of  oxygen,  brisk  effervescence  ensues ;  but 
on  letting  one  drop  of  sulphuric  add  fkll  into  it,  effervescence  ceases 
instantly ;  it  is  reproduced  1^  the  addition  of  potassa,  and  is  again  arrested 
by  adding  a  second  portion  of  acid.  The  only  acids  that  do  not  possess  this 
property  are  those  that  have  a  low  de^ee  of  acidity,  as  carbonic  and  boracic 
adds;  or  those  which  sufier  a  chemical  change  when  mixed  with  peroxide 
of  hydrogen,  such  as  hydriodic,  hydrosulphuric,  and  sulphurous  adds. 
Aam  appear  to  increase  the  stability  of  the  peroxide  in  the  same  way  as 
water  does,  namely,  by  combining  chemically  with  it.  Several  compounds 
of  this  kind  were  formed  by  Thenard,  before  he  was  aware  of  the  existence 
1^  the  peroxide  of  hydrogen.  They  were  made  by  dissolving  peroxide  of 
barium  in  some  dilute  add,  such  as  the  nitric,  and  then  predpitating  the 
baryta  by  sulphuric  add.    As  nitric  acid  was  supposed  under  these  circum. 

"   '  of  oxyi! 


to  combine  with  an  additional  quantity  of  oxygen,  Thenard  applied 
the  term  oxygenized  nitric  add  to  the  resulting  compound,  and  described 
several  other  new  acids  under  a  similar  title.  But  the  subsequent  discovery 
of  peroxide  of  hydrogen  put  the  nature  of  the  oxygenized  acids  id  a  dearer 
light ;  fyr  their  properties  are  easily  explicable  on  the  supposition  that  they 
are  composed,  not  of  adds  and  oxygen  gas,  but  of  adds  united  with  per- 
oxide of  hydrogen. 

Peroxide  of  hydrogen  was  analyzed  by  diluting  a  known  weight  of  it 
with  water,  and  then  decomposing  it  by  boiling  the  solution.  According  to 
two  careful  analyses,  conducted  on  this  principle,  864  parts  of  the  peroxide 
are  composed  of  466  of  water,  and  398  of  oxygen  gas.  The  466  of  water 
caotain  414  of  oxygen,  whence  it  may  be  inferred  that  peroxide  of  hydrogen 
contains  twice  as  much  oxygen  as  water.  A  small  deficiency  of  oxygen  in 
sriment  was  to  be  expected,  owing  to  the  difficulty  of  obtaining 
of  hydrogen  perfectly  ftee  from  water. 
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SECTION    V. 

NITROGEN. 

The  existence  of  nitrogen  gas,  as  distinct  from  every  other  gaseous  sob- 
stance,  appears  to  have  ^n  first  noticed  in  the  year  1772  by  the  late  Dr. 
Rutherford  of  Edinburffh.  Lavoisier  discovered  in  1775  that  it  is  a  constitu- 
ent part  of  the  atmosphere ;  and  the  same  discovery  was  made  soon  after,  or 
about  the  same  time,  by  Scheele.  Lavoisier  called  it  azote  from  S  pHvative^ 
and  (mil  life,  because  it  is  unable  to  support  the  respiration  of  animals ;  bat 
OS  it  possesses  this  negative  property  in  common  with  most  other  gases,  the 
more  appropriate  term  nitrogen  has  been  since  applied  to  it,  from  the  cir- 
cumstance of  its  being  an  essential  ingredient  of  nitric  acid. 

Nitrogen  is  most  conveniently  prepared  by  burning  a  piece  of  phosphoras 
in  a  jar  full  of  air  inverted  over  water.  The  strong  affinity  of  phosphoroa 
for  oxygen  enables  it  to  burn  till  the  whole  of  that  gas  is  consumed.  The 
product  of  the  combustion,  metaphosphoric  acid  is  at  first  diffused  through 
the  residue  in  the  form  of  a  white  cloud ;  but  as  this  substance  is  rapidly 
absorbed  by  water,  it  disappears  entirely  in  the  course  of  half  an  hoar. 
The  residual  pas  is  nitrogen,  containing  a  small  quantity  of  carbonic  acid 
and  vapour  of  phosphorus,  both  of  which  may  be  removed  by  agitating  it 
briskly  with  a  solution  of  pure  potassa.  Several  other  substances  may  be 
employed  for  withdrawing  oxygen  from  atmospheric  air.  A  solution  of 
protosulphate  of  iron,  charged  with  binoxide  of  nitrogen,  absorbs  th^ 
oxygen  in  the  space  of  a  few  minutes.  A  stick  of  phosphorus  produces  the 
same  effect  in  twenty-four  hours,  if  exposed  to  a  temperature  of  60^  F.  A 
solution  of  sulphuret  of  potassium  or  calcium  acts  in  a  similar  manner ;  and 
a  mixture  of  equal  parts  of  iron  filings  and  sulphur,  made  into  a  paste  with 
water,  may  be  employed  with  the  same  intention.  Both  these  processes, 
however,  are  inconvenient  from  their  slowness.  Nitrogen  gas  may  likewise 
Jie  obtained  by  exposing  a  mixture  of  fresh  muscle  ana  nitric  acid  of  speci- 
'  fie  gravity  liH)  to  a  moderate  temperature.  Effervescence  then  takes 
place,  and  a  large  quantity  of  gaseous  matter  is  evolved,  which  is  nitro^n 
mixed  with  a  little  carbonic  acid.  The  latter  must  be  removed  by  agitation 
with  lime-water;  but  the  residue  still  retains  a  peculiar  odour,  indicative  of 
the  presence  of  some  volatile  principle  which  cannot  be  wholly  separated 
from  it.  The  theory  of  this  process  is  somewhat  complex,  and  will  be  con- 
sidered more  conveniently  in  a  subsequent  part  of  the  work. 

Pure  nitrogen  is  a  colourless  gas,  wholly  devoid  of  smell  and  taste.  It 
does  not  change  the  blue  colour  of  vegetables,  and  is  distinguished  from 
other  gases  more  by  negative  characters  than  by  any  striking  quality.  It 
is  not  a  supporter  of  combustion;  but,  on  the  contrary,  extingruishes  all 
burning  bodies  that  are  immersed  in  it  No  animal  can  live  in  it;  bat  yet 
it  exerts  no  injurious  action  either  on  the  lungs  or  on  the  system  at  large, 
the  privation  of  oxygen  gas  being  the  sole  cause  of  death.  It  is  not  inflam- 
mable  like  hydrogen ;  though,  under  jTavourable  circumstances,  it  may  be 
made  to  unite  wnh  oxygen.  Water,^when  deprived  of  air  by  ebullition, 
takes  tip  about  one  and  a  half  per  cent  of  it  Its  specific  gravity  is  esti- 
mated  at  0.976  by  Dulong  and  Berzelius,  and  0.9722  by  Dr.  Thomson:  I 
have  adopted  0.9737  as  more  consistent  with  the  specific  gravity  of  air  and 
oxygen  gas.  Hence  100  cubic  inches  at  the  mean  temperature  and  pressure 
will  weigh  30.1650  grains. 

Considerable  doubt  exists  as  to  the  nature  of  nitrogen.  Tlioapb  ranked 
among  the  simple  non.metallie  bodies,  some  circumstances  have  led  to  the 
suspicion  that  it  is  compound ;  and  this  opinion  has  been  warmly  advocated 
by  Sir  H.  Davy  and  Berzelius.  The  chief  argument  in  fkvour  of  this  view 
is  drawn  from  the  phenomena  that  attend  the  fiirmation  of  what  is  called 
the  timmoniaeal  amalffam.    From  the  metallio  appearance  of  this  substance. 
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it  was  snppoted  to  be  a  compound  of  mercury  and  a  metal ;  and  aa  th«  only 
method  fk  ibrminff'  it  is  by  the  action  of  galvanism  on  a  salt  of  ammonia,  ifT 
contact  with  a  globule  of  mercury,  it  fbllowa  that  the  metal,  if  preacut  at  all, 
most  have  been  supplied  by  the  ammonia.  Now  ammonia  is  composed  of 
hydrogen  and  nitrogen;  and  as  the  former,  from  its  small  speciBc  gravity, 
can  hardly  be  supposed^  to  contain  a  meta),  it  was  inferred  that  it  must  be 
present  in  the  latter.  Unfortunately  for  this  argument,  the  supposed  metal 
cunnot  be  obtained  in  a  separate  state.  The  amalgam  no  sooner  ceases  to 
be  under  galvanic  influence  than  its  elements  begin  to  separate  spontaneous. 
Ij,  and  in  a  few  minutes  decomposition  is  complete,  the  sole  products  being 
ammonia,  hydrogen,  and  pure  mercury.  Sir  H.  Davy  accounted  for  this 
change  on  the  supposition  that  water  is  decomposed ;  that  its  oxygen  repro- 
duces nitrogen  by  uniting  with  the  supposed  metal;  and  Uiat  one  part  of  its 
hydrogen  forms  ammonia  by  uniting  with  the  nitrogen,  while  the  remainder 
escapes  in  the  ferm  of  f^B,  But  Gay-Lussac  and  Thenard  (Recherches 
Physico-Cfaimiques,  vol.  i.)  declare  that  the  amalgam  resolves  itself  into 
mercury,  ammonia,  and  hydrogen,  even  though  perfectly  free  from  mois- 
tore;  and  they  infer  from  their  experiments  that  it  is  composed  of  those 
three  substances  combined  directly  with  each  other.  It  hence  appears  that 
the  examination  of  the  ammoniacal  amalgam  aflfords  no  proof  of  the  com- 
pound nature  of  nitrogen ;  nor  was  Sir  H.  Davy*s  attempt  to  decompose  that 
gas  by  aid  of  potassium,  intensely  heated  by  a  galvanic  current,  attended 
with  better  success.  Berzelius  has  defended  the  idea  that  nitrogen  is  a 
compound  body  on  other  principles ;  but  as  his  arguments,  though  very  in- 
genioup,  are  merely  speculative,  they  cannot  be  admitted  as  decisive  of  tho 


Chemists  are  not  agreed  about  the.  equivalent  of  nitrogen.  In  this  coun- 
trv  14  is  commonly  ulopted ;  but  from  the  experiments  of  Berzelius,  with, 
whch  my  own  observations  correspond  (Phil.  Trans.  1833),  14.15  is  a  better 
estimate.  The  compounds  of  nitrogen  treated  of  in  this  section  are  the 
following,  exdoaive  of  atmospheric  air,  which  is  regarded  as  a  mechanical 
mixture : — 


By  Volume. 

By  Weight. 

Nit       Oxy. 

Nit     Oxy.    Equiv. 

Symbols. 

Nitrons  oxide 

100    .      50 

14.15  +  8   =23.15 

N  +  OorN 

Nitric  oxide 

100    .    100 

14.15  +  16  =  30.15 

N+20orN 

Hyponitrous  acid 

100    .    150 

14.15+24  =  38.15 

N+30orN 

Nitrous  acid 

100    .    300 

14.15  +  32  =  46.15 

N  +  40orN' 

Nitric  acid 

100    .    250 

14.15  +  40  =  54.15 

N+50ora 

THE  ATMOSPHERE. 

The  earth  is  everywhere  surrounded  by  a  mass  of  gaseous  matter  called 
the  atmosphere,  which  is  preserved  at  its  surface  by  the  force  of  gravity, 
and  revolves  together  with  it  around  the  sun.  It  is  colourless  and  invisible, 
excites  neither  taste  nor  smell  when  pore,  and  is  not  sensible  to  the  touch 
unless  when  it  is  in  motion.  It  possesses  the  physical  properties  of  clastic 
fluids  in  a  high  degree.  Its  specific  gravity  is  unity,  being  the  standard 
with  which  the  density  of  all  gaseous  substances  is  compared.  It  is  815 
times  lighter  than  water,  and  nearly  11065  times  lighter  than  mercury. 
The  knowledge  of  its  exact  weight  is  an  essential  element  in  many  physi- 
cal and  chemical  researches,  and  has  been  lately  determined  with  very  great 
care  by  Dr.  Proot.  Acci>rding  to  his  observations  100  cubic  inches  of  pore 
and  dry  atmospheric  air,  at  60<^  F.  and  30  B.,  weigh  31.0117  grains. 

The  presmire  of  the  atmosphere  was  first  noticed  early  in  the  seventeenth 
century  by  Galileo,  and  was  aAer wards  demonstrated  by  his  pupil  Tor ricelli, 
to  whom  science  is  indebted  for  the  invention  of  the  barometer.    Its  pres- 
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sure  at  the  level  of  the  flea  is  equal  to  a  weight  of  ahont  15  pounds  on  every 
square  inch  of  surface,  and  is  cafiable  of  supportin^r  a  column  of  water  34 
feet  high,  and  one  of  mercury  of  30  inches ;  that  is,  a  column  of  mercury 
one  inch  square  and  30  inches  long  has  the  same  weight  (nearly  15  pounds) 
as  a  column  of  water  of  equal  base  and  34  feet  lonff,and  as  a.t»lumn  of  air  of 
equal  base  reaching  f^om  the  level  of  the  sea  to  the  extreme  limit  of  the  at- 
mosphere. By  the  use  of  the  barometer  it  was  discovered  that  the  atmo- 
spheric pressure  is  variable.  It  varies  according  to  the  elevation  above  the 
level  of  the  sea,  and  on  this  principle  the  height  of  mountains  is  estimated. 
Supposing  the  density  of  the  atmosphere  to  be  uniform,  a  fidl  of  one  inch  in 
the  barometer  would  correspond  to  11065  inches,  or  922  feet  of  air;  but  in 
order  to  make  the  calculation  with  accuracy,  allowance  must  be  made  for 
the  increasing  rarity  of  the  air,  and  for  various  other  circumstances  which 
are  detailed  in  works  on  meteorology.  (Danieli*s  Meteorological  E^ssays,  2d 
edit  376.)  From  causes  at  present  not  understood,  the  pressure  varies  like- 
wise at  the  same  place.  On  this  depends  the  indications  of  the  barometer 
as  a  weather-glass;  for  observation  has  fully  proved,  that  the  weather  is 
commonly  fair  and  calm  when  the  barometer  is  high,  and  usually  wet  and 
stormy  when  the  mercury  fidls. 

Atmospheric  air  is  highly  compressible  and  elastic,  so  that  its  particles 
admit  of  being  approximated  to  a  great  extent  by  compression,  and  expand 
to  an  extreme  degree  of  rarity,  when  the  tendency  of  its  particles  to  separate 
is  not  restrained  by  external  fbrce.  It  has  been  finind  experimentally  that 
the  volume  of  air  and  all  other  gaseous  fluids,  so  long  as  they  retain  the 
elastic  state,  is  inversely  as  the  pressure  to  which  they  are  exposed.  Thus  a 
portion  of  air  which  occupies  100  measures  when  compressed  by  a  force  of 
one  pound,  will  be  diminished  to  50  measures  when  the  pressure  is  doubled, 
and  will  expand  to  200  measures  when  the  compression  is  equal  to  half  a 
pound.  This  law  was  first  demonstrated  in  1662  hy  the  celebrated  Boyle, 
and  a  ieoond  demonstration  of  it  was  given  some  years  afterwards  by  the 
French  philosopher  M.  Mariotte,  apparently  without  being  aware  that  the 
discovery  had  been  previously  made  in  England.  It  is  tience  frequently 
called  the  law  of  Mariotte.  Till  lately  it  had  not  been  verified  for  very 
fi^reat  pressures;  but  fit>m  the  experiments  of  Oersted  in  1825,  who  extended 
his  observations  to  air  compressed  by  a  force  equal  to  110  atmospheres,  it 
may  be  inferred  to  be  quite  genera),  except  when  the  gaseous  matter  as- 
sumes  the  liquid  form.  (Edinburgh  Journal  of  Science,  iv.  224.)  It  has,  in- 
deed, been  recently  stated  by  M.  Despretz  that  the  easily  condensible  gases 
var^  from  this  law,  diminishing  under  increase  of  pressure  much  more 
rapidly  than  atmospheric  air ;  but  the  details  .of  his  experiments  have  not,  I 
believe,  been  published.*  (An.  de  Ch.  et  de  Ph.  xxxiv.  335  and  433.)  At 
what  pressure  air  becomes  liquid  is  uncertain,  since  all  attempts  to  condense 
it  have  hitherto  been  unsuccessful. 

The  extreme  compressibility  and  elasticity  of  the  air  account  for  the  fa- 
cility with  which  it  is  set  in  motion,  and  the  velocity  with  which  it  is  capa- 
ble of  moving.  It  is  subject  to  the  laws  which  characterise  clastic  fluids  in 
general  It  presses,  therefore,  equally  on  every  side;  and  when  some  parts 
of  it  become  lighter  than  the  surrounding  portions,  the  denser  particles  rush 
rapidly  into  their  place  and  force  the  more  rarified  ones  to  ascend.  The 
motion  of  air  gives  rise  to  various  familiar  phenomena.  A  stream  or  cur- 
rent  of  air  is  wind,  and  an  undulating  vibration  excites  the  sensation  of 
sound. 

The  atmosphere  is  not  of  equal  density  at  all  its  parts.  This  is  obvious 
from  the  consideration,  that  those  portions  which  are  next  the  earth  sustain 
the  whole  pressure  of  the  atmosphere,  while  the  higher  strata  bear  only  a 
part  The  atmospheric  column  diminishes  in  length  as  the  distance  fit>m 
the  oarth*s  surface  increases;  and,  consequently,  uie  greater  the  elevation, 
the  lighter  must  be  the  air.    It  is  not  known  to  what  height  the  atmo- 

*  See  note,  page  53. — Ed. 
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jphere  extends.  From  calcaUtions  founded  on  the  phenomena  of  refraetion, 
its  height  is  suppoeed  to  be  about  45  miles ;  and  Dr.  WoUaston  estimated, 
fixmi  the  Uw  of  expansion  of  gases,  that  it  must  extend  to  at  least  40  miles 
with  properties  unimpaired  by  rarefaction.  In  speculating  on  its  extent  be- 
yood  that  distance,  it  becomes  a  question  whether  the  atmosphere  is  or  is 
not  limited  to  the  earth.  This  subject  was  discussed  with  his  usual  sagacity 
by  the  late  Dr.  WoUaston  in  an  essay  on  the  Finite  Extent  of  the  Atmo- 
sphere, published  in  the  Philosophical  Transactions  for  1822.  On  the  sup. 
position  that  the  atmosphere  is  unlimited,  it  would  pervade  all  space,  and 
sccumulate  about  the  sun,  moon,  and  planets,  forming  around  each  an  at- 
mosphere, the  density  of  which  would  depend  on  their  respective  forces  of 
attraction*  Now  Dr.  WoUaston  inferred  from  astronomical  observations 
made  by  himself  and  Captain  Kater,  that  there  is  no  solar  atmosphere ; 
and  the  observations  of  other  astronomers  appear  to  justify  the  same  infer- 
ence with  respect  to  the  planet  Jupiter.  If  the  accuracy  of  these  conclu- 
sions be  admitted,  it  foUows  that  our  atmosphere  is  confined  to  the  earth; 
snd  it  may  next  be  asked,  by  what  means  is  its  extent  limited  7  Dr.  Wol- 
laston  accounted  for  it  by  supposing  the  air,  afler  attaining  a  certain  degree 
of  rareiactioo,  to  possess  such  feeble  elasticity,  that  the  tendency  of  its  par- 
ticles to  separate  further  from  each  other  is  counteracted  by  sravity.  The 
unknown  height  at  which  this  equiUbrium  between  the  two  forces  of  elas- 
ticity and  gravitation  takes  place,  is  the  extreme  Umit  of  the  atmosphere. 

Tne  loss  of  elasticity  may  be  ascribed  to  two  powerful  and  concurring 
causes;  namely,  to  the  distance  between  the  particles  of  air  when  highly  rare- 
fied, and  to  the  extreme  cold  which  prevails  in  the  higher  strata  of  the  at- 
mosphere. 

The  temperature  of  the  atmosphere  varies  with  its  elevation.  Gaseous  ^ 
fluids  permit  radiant  matter  to  pass  freely  tlirough  them  without  any  ab- 
sorption, and,  therefore,  without  their  temperature  being  influenced  by  its 
passage.  The  atmosphere  is  not  heated  by  transmitting  the  rays  of  the 
sun,  but  receives  its  heat  solely  from  the  earth,  and  chiefly  by  actual  con- 
tact ;  so  that  its  temperature  becomes  progressively  lower,  as  the  distance 
from  the  general  mass  of  the  earth  increases.  Another  circumstance  which 
contributes  to  the  same  effect,  is  the  increasing  tenuity  of  the  atmosphere ; 
for  the  temperature  of  rarefied  air  is  less  raised  by  a  given  quantity  of  heat, 
than  that  of  the  same  portion  of  air  when  compressed,  owing  to  its  specific 
heat  being  greater  in  the  former  state  than  in  the  latter.  From  the  joint  in- 
fluenoe  of  both  these  causes  it  is  found  that,  in  ascending  into  the  atmo- 
sphere, the  temperature  diminishes  at  the  rate  of  one  degree  for  about  eyerv 
352  ^t.  The  rate  of  decrease  is  probably  much  slower  at  considerable 
distances  from  the  earth ;  but  still  there  is  no  reason  to  doubt  that  the  tem- 
perature  continues  to  decrease  with  the  increasing  elevation.  There  must 
consequently  in  every  latitude  be  a  point,  where  the  thermometer  never 
rises  above  32<^,  and  where  ice  is  never  liquefied.  This  point  varies  with 
the  latitude,  being  highest  within  the  tropics  and  descending  gradually  as 
we  advance  towards  the  poles.  The  foUowinpf  table,  from  the  Supplement 
to  the  Encyclopedia  Britannica,  page  190,  article  Climate,  shows  the  point 
of  perpetual  ice  corresponding  to  different  latitudes. 
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Air  was  one  of  the  four  elements  of  (he  ancient  philosophere,  and  their 
opinion  of  its  nature  prevailed  generally,  till  its  accuracy  was  rendered  ques- 
tionable by  the  experiments  of  Boyle,  Hooke,  and  Mayow.  The  discovery  of 
oxjrgen  gas  in  1774  paved  the  way  to  the  knowledge  of  its  real  composition, 
which  was  discovered  about  the  same  time  by  Scheele  and  Lavoisier.  The 
former  exposed  some  atmospheric  air  to  a  solution  of  sulphuret  of  potassium, 
which  gradually  absorbed  the  whole  of  the  oxygen.  Lavoisier  effected  the 
same  object  by  the  comburtion  of  iron  wire  and  phosphorus. 

The  earlier  analyses  of  the  air  did  not  agree  very  well  with  each  other. 
'  According  to  the  researches  of  Lavoisier,  it  is  composed  of  27  measures  of 
oxygen  and  73  of  nitrogen.  The  analysis  of  Scheele  gave  a  somewhat 
higher  proportion  of  oxygen.  Priestley  found  that  the  quantity  of  oxygen 
varies  from  20  to  25  per  cent;  and  Cavendish  estimated  it  only  at  20.  These 
discrepancies  must  have  arisen  from  imfierfections  in  the  mode  of  analysis ; 
for  the  proportion  of  oxygen  has  been  found  by  subsequent  experiments  to 
be  almost,  if  not  exactly,  that  which  was  stated  by  Cavendish.  The  results  of 
Scheele  and  Priestley  are  clearly  refcrrible  to  this  cause.  It  is  now  known 
that  the  processes  they  employed  cannot  be  relied  on,  unless  certain  precau- 
tions  are  taken  of  which  those  chemists  were  ignorant  Recently  boiled 
water  absorbs  nitrogen;  and,  consequently,  if  sulphuret  of  potassium  be 
dissolved  in  that  liquid  by  the  aid  of  heat,  Uie  solution,  when  agitated  with 
air,  takes  up  a  portion  of  nitrogen,  and  thereby  renders  the  apparent  absorp> 
tion  of  oxygen  too  great  This  inconvenience  may  be  avoided  by  dissolving 
the  sulphuret  in  cold  unboiled  water.  The  binoxide  of  nitrogen,  employed 
by  Priestley,  removes  all  the  oxy^n  in  the  course  of  a  few  seconds ;  but  for 
reasons  which  will  soon  be  mentioned,  its  indications  are  very  apt  to  be  fal- 
lacious. The  combustion  of  phosphorus,  ss  well  as  the  gradual  oxidation  of 
that  substance,  acts  in  a  very  uniform  manner,  and  removes  the  whole  of  the 
oxygen  completely.  The  residual  nitrosfen  contains  a  little  of  the  vapour  of 
phosphorus,  which  increases  the  bulk  otthat  gas  by  l-40th,  for  which  an  al- 
lowance must  be  made  in  estimating  the  real  quantity  of  nitrogen. 

Since  chemists  have  learned  the  precautions  to  be  taken  in  the  analysis  of 
the  air,  a  close  correspondence  has  been  observed  in  the  results  of  their  ex- 
periments upon  it  The  researches  of  Davy,  Dalton,  Gay-Lussac,  Thomson, 
and  others,  leave  no  doubt  that  100  measures  of  pure  atmospheric  air  con- 
sist of  20  or  21  volumes  of  oxygen,  and  80  or  79  of  nitrogen.  The  most  ap- 
proved  mode  of  analysis  consists  in  mixing  with  the  air,  a  quantity  of  hydro- 
gen sufficient  to  convert  all  (he  oxygen  present  into  water,  and  kmdiing  the 
mixture  by  the  electric  spark.  The  combination  may  also  be  effected  with- 
out detonation  by  means  of  spongy  platinum.  Water  is  formed,  and  is  con- 
densed, and  since  that  liquid  is  composed  of  one  volume  of  oxygen  and  two 
of  hydrogen,  one-third  of  the  diminution  must  gi\'e  the  exact  quantity  of 
oxygen.  This  process  is  so  easy  of  execution,  and  so  uniform  in  its  indica- 
tions, that  it  is  now  employed  nearly  to  the  total  exclusion  of  all  others.* 

*  The  best  analyses  of  atmospheric  air  correspond  so  nesrly  with  the  pro- 
portions of  two  volumes  of  nitrogen  to  half  a  volume  of  oxygen,  that  it 
seems  probable  that  these  proportions  (which  correspond  at  the  same  lime 
with  the  theory  of  volumes)  would  be  obtained  exactly,  if  our  experiments 
could  be  performed  with  rigid  accuracy.  On  the  assumption  that  these  are 
the  true  proportions,  the  specific  gravity  of  oxygen  would  be  1.1111,  and  that 
of  nitrogen  0J9722;  numbers  which  correspond  very  nearly  with  those  con- 
tained  in  the  table,  page  146  and  with  the  experimental  results  of  Berzelios 
and  Dulong.  The  composition  of  atmospheric  sir,  when  stated  in  volumes, 
gives  the  oxygen  at  20  per  cent  as  mentioned  by  Dr.  Turner ;  and  yet  the 
usual  analyses  make  it  21  per  cent  This  discrepancy  will  probably  disap- 
pear when  the  analysis  is  performed  with  more  accuracy.  Dr.  Hare  found 
that  the  average  of  a  great  number  of  analyses  of  atmospheric  air  performed 
by  explosion  with  hydrogen,  by  means  of  his  very  accurate  eudiometers, 
gave  the  proportion  of  oxygen  at  20.66  per  cent,  which  approaches  very 
nearly  to  the  quantity  indicated  by  the  theory  of  volumes. — Ed. 
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Such  U  the  oonatitution  o£  pure  atnioepheric  air.  Bat  the  atmoBphere  is 
never  abaolately  pure ;  for  it  always  contains  a  certain  variable  quantity  of 
carbonic  acid  and  watery  vapour,  besides  the  odoriferous  matter  of  flowers 
and  other  voktile  substances,  which  are  also  frequently  present.  Saussure 
found  carbonic  acid  in  air  collected  at  the  top  of  Mont-Blanc ;  and  it  exists 
mt  all  altitudes  which  have  been  hitherto  attained.  Saussure  in  a  recent 
essay,  states  the  proportion  of  this  gas  to  vary  at  the  same  place  within 
short  intervals  of  time.  It  is  greater  in  summer  than  in  winter ;  and  from 
observations  made  during  spring,  summer,  and  autumn,  in  the  open  fields  and 
In  calm  weather,  its  proportion  is  inferred  to  be  always  greater  at  night  than 
in  the  day,  and  to  be  more  abundant  in  gloomy  than  in  bright  weather. 
A  very  moist  state  of  the  ground,  as  after  much  rain,  diminishes  the  quai^ 
tity  of  carbonic  acid,  apparently  by  direct  absorption.  It  is  rather  more 
abundant  in  elevated  situations,  as  on  the  summits  of  high  mountains,  than 
in  the  plains ;  bat  its  quantity  is  there  nearly  the  same  in  day  and  night,  in 
vret  and  dry  weather,  because  the  higher  strata  of  the  air  are  less  influenced 
by  vegetation,  and  the  state  of  the  soil.  Saussure  thinks  also  that  a  highly 
electrical  state  of  the  atmosphere  tends  to  diminish  the  quantity  of  carl»nic 
acid.  He  found  that  10,000  parts  of  air  contain  4.9  of  carbonic  acid  as  a 
mean,  6.2  as  a  maximum,  and  3.7  as  a  minimum.*  (An.  de  Ch.  et  de  Ph. 
xxxviiL  411.  xliv.  5.) 

The  chief  chemical  properties  of  the  atmosphere  are  owing  to  the  presence 
of  oxygen  gas.  Air  from  which  this  principle  has  been  withdrawn  is  nearly 
inert.  It  can  no  longer  support  respiration  and  combustion,  and  metals  are 
not  oxidixed  by  being  heated  in  it  Most  of  the  spontaneous  changes  which 
mineral  and  dead  organized  matters  undergo,  are  owing  to  the  powerful 
affinities  of  oxygen.  The  uses  of  the  nitrogen  are  in  a  great  measure  un- 
known. It  was  supposed  to  act  as  a  mere  diluent  to  the  oxygen ;  but  it 
most  probably  serves  some  useful  purpose  in  the  economy  of  animals,  the 
exact  nature  of  which  has  not  been  discovered. 

The  knowledge  of  the  composition  of  the  air,  and  of  the  importance  of 
oxygen  to  the  life  of  animals,  naturally  gave  rise  to  the  notion  that  the 
bMnhiness  of  the  air,  at  diflbrent  times,  ami  in  different  places,  depends  on 
the  relative  quantity  ofihvi  gas.  It  was,  therefore,  supposed  that  the  purity 
of  the  atmosphere,  or  its  fitness  for  oommunicating  health  and  vigour,  might 
be  discovoed  by  determining  the  proportion  of  oxygen ;  and  hence  the  ori» 
pn  of  the  term  Eudwmettr^  which  was  applied  to  the  apparatus  for  analyz. 
ing  the  air.  But  this  opinion,  though  at  first  supported  by  the  discordant 
results  of  the  earlier  analysts,  was  soon  proved  to  be  ^acious.  It  appears, 
oo  the  contrary,  that  the  composition  of  the  air  is  not  only  constant  u  the 
same  plaee,  but  is  the  same  in  all  regions  of  the  earth,  and  at  all  altitudes. 
Air  collected  at  the  summit  of  the  liighest  mountains,  such  as  Mont-Blano 
and  Chimborazo,  eontains  the  same  proportion  of  oxygen  as  that  of  the  lowest 
valleys.  The  air  of  Egypt  was  found  by  Berthollet  to  be  similar  to  that  of 
France.  The  air  which  Gay-Lussac  brought  firom  an  altitude  of  21 ,735  feet 
above  the  earth«t'hsd  the  same  composition  as  that  collected  at  a  short  dis- 
tance from  its  surfiice.  Even  the  miasmata  of  marshes,  and  the  effluvia  of 
infected  places,  owe  their  noxious  qualities  to  some  principle  of  too  subtile  a 
nature  to  be  detected  by  chemical  means,  and  not  to  a  deficiency  of  oxygen. 
Seguin  examined  the  infectious  atmosphere  of  an  hospital,  the  odour  of 
wUch  was  almost  intolerable,  and  could  discover  no  appreciable  deficiency 
of  oxygen,  or  other  peeuliarity  of  composition. 

The  question  has  been  much  discussed  whether  the  oxygen  and  nitrogen 
gases  of  the  atmosphere  are  simply  intermixed,  or  chemically  combined 
with  each  other.  Appearances  are  at  first  view  greatly  in  favour  of  the  lat- 
Cer  opinion.  Oxygen  and  nitrogen  gases  differ  in  density,  and,  therefore,  it 
might  be  expected,  were  they  merely  mixed  together,  that  the  oxygen  as  the 
heavier  ghu  ooffht,  in  obedience  to  the  force  of  gravity,  to  collect  in  the 
lower  regions  of  the  air ;  while  the  nitrogen  should  have  a  tendency  to  oc 
eopy  the  higher.  Bui  this  has  nowhere  been  observed.    If  air  be  confined  in 
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a  long  tube,  preserved  at  perfect  rest,  its  upper  part  will  contain  jast  as 
much  oijgen  as  the  lower,  even  after  an  interval  of  inan^  months ;  nay,  if 
the  lower  part  of  it  be  filled  with  oxygen,  and  the  upper  with  nitrc^en,  these 
gases  will  be  found  in  the  course  of  a  few  hours  to  have  mixed  intimately 
with  one  another.  The  constituents  of  tlie  air  are,  also,  in  the  exact  pro- 
portion  for  combining.  By  measure  they  are  nearly  in  the  simple  ratio  of  1 
to  4,  which  agrees  with  the  law  of  combination  by  volume ;  and  by  weight 
tbey  are  as  8  to  28.30,  which  corresponds  to  one  equivalent  of  oxygen  and 
two  of  nitrogen. 

Strong  as  are  these  arguments  in  favour  of  the  chemical  theory,  it  ia 
nevertheleBs  liable  to  objections  which  appear  insuperable.  The  atmosphere 
possesses  all  the  characters  that  should  arise  from  a  mechanical  mixture. 
There  is  not,  as  in  aU  other  cases  of  chemical  union,  any  change  in  the 
bulk,  form,  or  otlier  qualities  of  its  elements.  The  nitrogen  manifests  no  at- 
traction for  the  oxygen.  All  bodies  which  have  an  affinity  fbr  oxygen  ab- 
stract it  from  the  atmosphere  with  as  much  ft.cility  as  if  the  nitrogen  were 
absent  altogether.  Even  water  effects  this  separation ;  ibr  the  air  which  is 
expelled  from  rain  water  by  ebullition,  contains  more  than  21  per  cent  of 
•xygen.  When  oxygen  and  nitrogen  gases  are  mixed  together  in  the  ratio 
of  1  to  4,  the  mixture  occupies  precisely  5  volumes,  and  has  every  property 
of  pure  atmospheric  air.  The  refractive  power  of  the  atmosphere  is  pre- 
cisely such  as  a  mixture  of  oxyeen  and  nitrogen  gases  ought  to  possess ; 
and  different  from  what  would  be  expected  were  its  elements  chemically 
united.  (Edinburgh  Journal  ef  Science,  iv.  211.) 

Since  the  elements  of  the  air  cannot  be  regarded  as  in  a  state  of  aetool 
combination,  it  is  necessary  to  account  fbr  the  steadiness  of  their  proportion 
on  some  other  principle.  It  has  been  conceived  that  the  affinity  of  oxygea 
and  nitrogen  for  one  another,  though  insufficient  to  cause  their  combination 
when  mixed  together  at  ordinary  temperatures,  might  still  operate  in  such  a 
manner  as  to  prevent  their  separation ;  that  a  certain  degree  of  attraction  is 
even  then  exerted  between  them,  which  is  able  to  counteract  the  tendency  of 
mvity.  An  opinion  of  tliis  kind  was  advanced  by  Berthollet,  in  his 
Statique  Chimiqu^.,  and  defended  by  the  late  Dr.  Murray.  This  doctrine, 
however,  is  not  satisfactory.  It  is,  indeed,  quite  conceivable  that  oxygen 
and  nitrogen  may  attract  each  other  in  the  way  supposed ;  and  it  may  bo 
admitted  that  this  supposition  explains  why  these  two  gases  continue  in  a 
state  of  perfect  mixture.  But  still  the  explanation  is  unsatisfiietory ;  and 
for  the  following  reason : — Dalton  took  two  cylindrical  vessels,  one  of  which 
was  filled  with  carbonic  acid,  the  other  with  hydrogen  gas ;  the  latter  was 
placed  perpendicularly  over  the  other,  and  a  communication  was  established 
between  them.  In  the  course  of  a  few  hours  hydrogen  was  detected  in  the 
lower  vessel,  and  carbonic  add  gas  in  the  upper.  If  the  upper  vessel  be 
filled  with  oxygen,  nitrogen,  or  any  other  gas,  the  same  phenomena  will 
ensue ;  the  gases  will  be  found,  after  a  short  interval,  to  be  in  a  state  of 
mixture,  and  will  at  last  be  distributed  equally  through  both  vessels.  Now 
this  result  cannot  be  ascribed  to  the  action  of  affinity.  Carbonic  acid  cannot 
be  made  to  unite  either  with  hydrogen,  oxygen,  or  nitrogen ;  and,  therefore^ 
it  is  gratuitous  to  assert  that  it  has  an  affinity  fbr  them.  Some  other  power 
must  be  in  operation,  capable  of  producing  the  mixture  of  gases  with  each 
other,  independently  of  chemical  attraction ;  and  if  this  power  can  cause 
carbonic  acid  to  ascend  through  a  gas  which  is  twenty-two  times  lighter 
than  itself,  it  will  surely  explain  why  oxygen  and  nitrogen  gases,  the 
deuRtties  of  which  difibr  so  little,  should  be  intermingled  in  the  atmosphere. 

The  explanation  which  Dalton  has  given  of  these  phenomena  is  founded 
on  the  assumption,  that  the  particles  of  one  gas,  though  highly  repulsive  to 
each  other,  do  not  repel  those  of  a  diffbrent  kind.  It  follows,  from  this 
supposition,  that  one  gas  acts  as  a  vacuum  with  respect  to  another ;  and, 
therefore,  if  a  vessel  full  of  carbonic  acid  be  made  to  communicate  with 
another  of  hydrogen,  the  particles  of  each  gas  insinuate  themselves  between 
the  particles  of  the  other,  till  they  are  equally  diffiised  through  both  vesiels. 
The  particles  of  the  carbonic  acid  do  not  indeed  fill  the  space  occupied  by 
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the  bjdrogen  with  the  same  velocity  as  if  it  were  a  real  vacaum,  because 
the  paitidea  of  the  hydrogen  afford  a  mechanical  impediment  to  Uieir  pro- 
ma.  The  ultimate  effect,  however,  is  the  same  as  if  the  vessel  of  hydrogen 
Bad  been  a  vacuum.  (Manchester  Memoirs,  vol.  v.) 

Though  it  would  not  be  difficult  to  find  objections  to  this  hypothesis,  it 
has  the  merit  of  being  applicable  to  every  possible  case ;  which  cannot,  I 
conceive,  be  admitted  of  tbe  other.  It  acconots  not  only  for  the  mixture  of 
gases,  but  for  the  equable  diffusion  of  vapours  through  gases,  and  through 
each  other.  This  view  receives  supped  from  the  experiments  of  Mr. 
Grabsm  of  Glasgow  on  the  diffusion  of  gases.  (Phil.  Trans.  Edin.  1831.) 
When  a  gas  is  contained  in  a  glass  bell  jar  which  has  a  crsck  or  fissure  in 
its  sides,  or  communicates  with  the  air  by  a  narrow  aperture,  or  is  contained 
in  a  porous  vessel,  the  gas  gradually  diffuses  hself  into  the  air,  and  air  into 
the  gas,  each  passing  through  the  chink  or  other  small  opening  at  the  same 
time,  but  in  opposite  directions.  On  ascertaining  after  an  interval  how 
much  gas  has  escaped  from,  and  how  much  air  entered  into,  the  vessel,  it 
will  be  found  that  the  respective  quantities  depend  on  the  relative  densities ; 
and  the  same  principle  of  intermixture  equally  applies  when  the  apertures  of 
communication  are  large,  as  when  they  are  small.  Each  gas  has  a  di^ 
fbsiveness  pecoliar  to  itself,  and  which  is  greater  as  its  density  is  less.  Mr. 
Graham  determined  the  rate  of  diffusion  for  different  gases  by  means  of 
what  he  calls  a  diffusion  tube,  which  is  simply  a  graduated  tube  closed  at 
one  end  b^  plaster  of  Paris,  a  substance,  when  moderately  dry,  possessed  of 
the  requisite  porosity.  He  has  been  If  d  by  direct  experiment  to  the  follow- 
ing conclusion, — thiat  "the  diffusion  or  spontaneous  intermixture  of  two 
ga^es  in  contact,  is  effected  by  an  interchange  in  position  of  indefinitely 
small  volumes  of  the  gases,  which  volumes  are  not  necessarily  of  equal 
magnitude,  being,  in  the  case  of  each  gas,  infersely  proportional  to  the  square 
root  of  the  density  of  that  gas."  The  relative  diffusiveness  of  each  gas  may 
hence  be  represented  by  the  reciprocal  of  the  square  root  of  its  density.  Thus, 
the  density  of  air  being  1,  its  diffusiveness  is  1  also;  that  of  hydrogen  is 

. =Ao5v;  =  3.807;  that  of  oxygen     ^ -•--  =  0.9524; 

%/0.069      0.2627  ^^      s/Tm     l-O* 

and  that  of  nitrogen  .  =1.014 ; 
*  \/0572 
so  that  the  relative  power  of  diffusion  of  air,  hydrogen,  oxygen,  and  nitro- 
gen, is  indicated  by  the  numbers,  1,  3.807,  0.9524  and  1.014.  In  gases 
which  are  very  sparingly  soluble  in  water,  and  hence  not  condensible  by 
the  moisture  of  the  plaster  of  Paris,  the  results  of  experiment  coincide  so 
exactly  with  the  law,  that  Mr.  Graham  suggests  its  application  to  deter- 
mine  the  density  of  gases.  Thus  if  g  denote  the  diflbsiveness  of  a  gas,  as 
Ibond  by  careful  experiment,  and  d  its  density ;  then  since,  by  the  law  of 
diffusion, 

F=— 7T  we  have  a=— - 

It  Is  obvious  that  these  phenomena  cannot  be  referred  to  any  chemical 
principle,  6ut  are  dependent  on  the  mechanical  constitution  of  gases.  It  has 
been  lately  shown  in  a  very  clever  paper  by  Mr.  Thomas  Thomson  of 
Clitheroe  (PhiL  Mag.  3rd  Series,  iv.  321),  that  the  law  of  gaseous  diffusion 
is  included  under  Dalton*8  hypothesis,  that  one  gas  is  as  a  vacuum  with 
respect  to  another.  For  it  is  a  law  deduced  from  the  physical  properties  of 
gaseous  bodies,  that  the  velocities  of  gases  flowing  under  like  circumstances 
into  a  vacuum  are  inversely  as  the  square  roots  of  their  densities,  whidi  is 
precisely  the  same  law  that  regulates  their  flow  into  each  other.  * 

*  As  connected  with  this  subject,  the  reader  is  referred  to  an  important 
paper  on  the  •*  Penetrativeness  of  Fluids,''  by  Dr.  J.  K.  Mitchell,  of  Phila- 
delphia, published  in  the  American  Jourhal  of  Medical  Sciences  vol.  vit. 
p^  36.— fd.  15* 
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There  u  still  one  circumstance  for  consideration  respecting  the  atmo- 
sphere. Since  oxygen  is  necessary  to  combastion,  to  the  respiration  of  ani- 
mals, and  to  various  other  natural  operations,  by  all  of  which  that  gns  is  with- 
drawn from  the  air,  it  is  obvious  that  its  quantity  would  gradually  diminbh, 
unless  the  tendency  of  those  causes  were  counteracted  by  some  compensating 
process.  To  all  appearance  there  does  exist  some  source  of  compensation ;  for 
chemists  have  not  hitherto  noticed  any  change  in  the  constitution  of  the 
atmosphere.  The  only  source  by  which  oxygen  is  known  to  be  supplied,  is 
the  action  of  growing  vegetables.  A  healthy  plant  absorbs  carbonic  add 
during  tlie  day,  appropriates  tlie  carbonaceous  part  of  that  gas  to  its  own 
wants,  and  evolves  the  oxygen  with  which  it  was  combined.  During  the 
night,  indeed,  an  opposite  effect  is  produced.  Oxygen  gas  then  disappears, 
and  carbonic  acid  is  eliminated;  but  it  follows  from  the  experiments  of 
Priestley,  Davy,  and  Dr.  Daubenv,  that  plants  during  24  hours  yield  more 
oxygen  tlian  they  consume.  Whether  living  vegetables  make  a  full  com- 
pensation for  the  oxygen  removed  from  the  air  by  the  processes  above  men- 
tioned is  uncertain.  From  the  great  extent  of  the  atmosphere,  and  the 
continual  agitation  to  which  its  different  parts  are  subject  by  the  action  of 
winds,  the  effects  of  sny  deteriorating  process  would  be  very  gradual,  and  a 
change  in  the  proportion  of  its  elements  could  be  perceived  only  by  observa- 
tion&  made  at  very  distant  intervab. 


PROTOXIDE  OF  NITROGEN. 

This  gas  was  discovered  by  Priestley,  who  gave  it  the  name  oT  depihlogUiu 
eattd  nitrous  air.  Sir  H.  Davy  called  it  nitroua  oxide.  According  to  the 
principles  of  chemical  nomenclature,  its  proper  appellation  is  protoxide  of 
nitrogen.  It  may  be  formed  by  exposing  nitric  oxide  for  some  days  to  the 
action  of  iron  filings,  or  other  substances  which  have  a  strong  affinity  for 
oxygen,  when  the  nitric  oxide  loses  one-half  of  its  oxygen,  and  is  converted 
into  the  protoxide.  But  the  most  convenient  method  of  procuring  it  is  by 
means  of  nitrate  of  ammonia.  Tiiis  salt  is  prepared  by  neutralizing  with 
carbonate  of  ammonia  pure  nitric  acid  diluted  with  about  three  parts  of 
water,  and  concentrating  by  evaporation  until  a  drop  of  the  liquid  let  fall  on 
a  cold  plate  becomes  a  firm  mass,  adding  a  little  ammonia  towards  the  clone 
.  to  ensure  neutrality.  The  salt  after  coming  is  broken  to  pieces,  introduced 
into  a  retort,  and  heated  by  a  lamp  or  pan  of  charcoal :  at  first,  below  400^, 
fusion  ensues ;  and  as  the  heat  rises  to  460<^  or  500°  rapid  decomposition 
sets  in,  which  continues  until  all  the  salt  disappears.  If  a  white  doad 
appears  within  the  retort,  due  to  some  of  the  salt  subliming  undecomposed, 
the  heat  should  be  checked.  * 

The  sole  products  of  this  operation,  when  carefully  conducted,  are  water 
and  protoxide  of  nitrogen.  The  nature  of  the  change  will  be  readily  under- 
atood  by  comparing  the  composition  of  nitrate  of  ammonia  with  that  of  the 
products  derived  from  it.    These,  in  round  numbers,  are  as  follows : — 


Nitric  Acid.  Ammonia. 

Nitrogren  14  or  1  eq.    Nitrogen  14  or  1  eq. 
Oxygen    40  or  5  eq.    Hydrogen  3  or  3  eq. 


Water.  Prot.  of  Nitrogen. 
Hyd.  3or3eq.  Nit.  98or2eq. 
0.\y.  94  or  3  aq.     Oxy .  16  or  9  eq. 


27 


44 


54  17 

The  same  expressed  in  symbols  is 

N+50;  N+3H;  |  3(H+0);  2(N.fO). 

It  thus  appears  that  the  hydrogen  in  the  ammonia  takes  so  much  oxygen 
as  is  sufficient  for  forming  water,  and  the  residual  oxygen  converts  the  ni- 
trogen both  of  the  nitric  acid  and  of  the  ammonia  into  protoxide  of  nitro> 
gen  :  71  grains  of  the  salt  will  thus  yield  44  grains  of  protoxide  of  nitrogen 
and  27  of  water. 

Protoxide  of  nitrogen  is  a  colourless  gas,  which  does  not  affect  the  blue 
vegetable  colours,  even  when  mixed  with  atmospheric  air.    Recently  boUed 
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water,  which  has  cooled  without  exposure  to  tlic  air,  absorbs  nearly  its  own 
bulk  of  it  at  &i^  F.  and  gives  it  out  again  unchanged  by  boiling.  The  solu- 
tion, like  the  gas  itself,  has  a  faint  agreeable  odour  and  sweet  taste.  The  ac- 
tioQ  of  water  upon  it  affords  a  readj  means  of  testing  its  purity ;  removing 
it  readily  firom  all  other  gases,  such  as  oxygen  and  nitrogen,  which  art 
sparingly  absorbed  by  tiiat  liquid.  For  the  same  reason  it  cannot  be  pr^ 
served  over  cold  water ;  but  should  be  collected  either  over  hot  water  or 
mercury. 

Protoxide  of  nitrogen  is  a  supporter  of  combustion.  Most  substances 
bum  in  it  with  ftr  greater  energy  than  in  the  atmosphere.  When  a  recently 
extioguisfaed  candle  with  a  very  red  wick  is  introduced  into  it,  the  flame  is 
instantly  restored.  Phosphorus,  if  previously  kindled,  bums  in  it  with  £rcat 
brilliancy.  Sulphur,  when  burning  feebly,  ts  extinguished  by  it;  but  if  im- 
mersed while  the  combustion  is  lively,  the  size  of  the  flame  is  considerably 
increased.  With  an  equal  bulk  of  hydrogen  it  forms  a  mixture  which  ex- 
plodes violently  by  the  electric  spark  or  by  flame.  In  all  these  cases,  the  pro- 
duct  of  combustion  is  the  same  as  when  oxyeen  gas  or  atmospheric  air  is 
used.  Tbe  protoxide  is  decomposed ;  the  combustible  matter  unites  with  its 
oxjgen,  and  the  nitrogen  is  set  free.  Protoxide  of  nitrogen  suffers  decom- 
position when  a  succession  of  electric  sparks  is  passed  through  it,  and  a 
similar  effect  is  caused  by  conducting  it  through  a  porcelain  tube  heated  to 
incandescence.  It  is  resolved,  in  bo&  instances,  into  nitrogen,  oxygen,  and 
nitroQs  acid. 

Sir  H.  Davy  disoovered  that  protoxide  of  nitrogen  may  be  taken  into  the 
longs  with  safety,  and  that  it  supports  respiration  for  a  few  minutes.  He 
breathed  nine  quarts  of  it,  contained  in  a  silk  bag,  for  three  minutes,  and 
12  quarts  for  rather  more  than  four ;  but  ho  quantity  could  enable  him  to 
bear  the  privation  of  atmosplieric  air  for  a  longer  period.  Its  action  on  tbe 
system,  when  inspired,  is  very  remarkable.  A  few  deep  inspirations  are 
followed  by  roost  agreeable  feelings  of  excitement,  similar  to  the  earlier 
stages  of  intoxication.  This  is  shown  by  a  strong  propensity  to  laughter, 
by  a  rapid  flow  of  vivid  ideas,  and  an  unusual  disposition  to  muscular  exer- 
tion. These  feelings,  however,  soon  subside ;  and  the  person  returns  to  his 
osoal  state  without  experiencing  the  langrnor  or  depression  which  so  univer- 
•aOy  follows  intoxication  from  spirituous  lic^uors.  Its  effects,  however,  on 
diflerent  persons  are  various;  and  in  individuals  of  a  plethoric  habit,  it 
sometimes  produces  giddiness,  headacb,  and  other  disagreeable  symptoms. 
(Researches  on  tbe  Nitrous  Oxide.) 

Protoxide  of  nitrogen  was  analyzed  by  Sir  H.  Davy  by  means  of  hydro- 
gen gas.  He  mixed  39  measures  of  the  former  with  40  measures  of  faydrO' 
gen,  and  fired  the  mixture  by  the  electric  spark.  Water  was  formed ;  and 
the  residual  gas,  which  amounted  to  41  measures,  bad  the  properties  of  pure 
nitro^n.  As  40  measures  of  hydrogen  require  20  of  oxygen  for  combus- 
tion. It  follows  that  39  volumes  of  5ie  protoxide  of  nitrogen  contain  41  of 
nitrogen  and  20  of  oxygen.  But  since  no  exception  has  hitherto  been  found 
to  Gay-Lnssac*s  law  of  gaseous  combination,  it  may  be  inferred  that  protoxide 
of  nitrogen  contains  its  own  bulk  of  nitrogen  and  half  its  volume  of  oxysren. 
The  analysis  of  this  compound  by  Dr.Henry,  (Annals  of  Phil.  viii.  299,  NTS.) 
performed  by  means  of  carbonic  oxide  gas,  has  proved  beyond  a  doubt  that 
this  ii  the  exact  proportion.    Now, 

100  cubic  inches  of  nitrogen  gas  weigh        .  30.1650  grains. 

50        do.  oxygen      ....        17.0936 

These  numbers  added  together  amount  to        .  47.2586 

which  roust  be  the  weight  of  100  cubic  inches  of  the  protoxide ;  and  its  spe- 
cific  gravity  is,  therefore,  1.5239.  Its  composition  by  weight  is  determined 
by  the  same  data,  being  17.0936  of  oxygen  to  30.1650  of  nitrogen,  or  as  8 
to  14.12,  nearly  the  number  already  stated.  (Page  167) 
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BINOXIDE  OF  NITROGEN. 

This  oomponnd  is  best  obtained  by  the  action  ,of  nitric  acid,  of  specifie 
gravity  1.2,  on  metallic  copper.  Brisk  efTcrreecence  takes  place  without  the 
aid  of  heat,  and  the  gas  may  be  collected  over  water  or  mercury.  The  cop- 
per gradually  disappears  during  the  process ;  the  liquid  acquires  a  beautiful 
blue  colour,  and  yields  on  evaporation  a  salt  which  is  composed  of  nitric 
acid  and  oxide  of  copper.  The  chemical  changes  that  occur  are  the  follow, 
inff. — One  portion  of  nitric  acid  suffers  decomposition :  part  of  its  oxygen 
oxidizes  the  copper ;  while  another  part  is  retained  by  the  nitrogen  of  the 
nitric  acid,  forming  binoxide  of  nitrogen.  The  oxide  of  copper  attaches 
itself  to  some  undecomposed  nitric  acid,  and  forms  the  blue  nitrate  of  cop- 
per. Many  other  metals  are  oxidized  by  nitric  acid,  with  disengagement  of 
a  similar  compound ;  but  none,  mercury  excepted,  yields  so  pure  a  gas  as 
copper. 

The  gas  derived  from  this  source  was  discovered  by  Dr.  Hales.  It  was 
first  carefully  studied  by  Priestley,  who  called  it  niiroiu  air.  The  terms 
nUrou$  go8  and  nitric  oxide  are  frequently  applied  to  it ;  but  binoxide  of  nu 
trogen,  as  indicative  of  its  nature,  is  the  roost  suitable  appellation. 

Binoxide  of  nitrogen  is  a  colourless  p^as.  When  mixed  with  atmospheric 
air,  or  any  gaseous  mixture  that  contains  oxygen  in  an  uncombined  state, 
dense,  suifocating,  acid  vapours,  of  a  red  or  orange  colour,  are  produced, 
called  nitrous  acid  vapours ;  which  are  copiously  absorbed  by  water,  and 
communicate  acidity  to  it.  This  character  serves  to  distinguish  the  binoxide 
from  every  other  substance,  and  affords  a  convenient  test  of  the  presence  of 
free  oxygen.  Though  it  gives  rise  to  an  acid  by  combining  with  oxygen, 
binoxide  of  nitrogen  itself  does  not  redden  the  blue  colour  of  vegetables ;  but 
for  this  experiment,  the  gas  must  be  previously  well  washed  with  water  to 
separate  all  traces  of. nitrous  acid.  Water  absorbs  the  binoxide  sparingly; — 
100  measures  of  that  liquid,  cold  and  recently  boiled,  take  up  about  11  of 
the  gas. 

Very  few  inflammable  substances  bum  in  binoxide  of  nitrogen.  Burning 
sulphur  and  a  lighted  candle  are  instantly  extinguished  by  it.  Charcoal  and 
phosphorus,  however,  if  in  a  state  of  vivid  combustion  at  the  moment  of  be- 
ing  immersed  in  it,  burn  with  increased  brilliancy.  The  product  of  the 
combustion  is  carbonic  acid  in  the  former  case,  and  metaphosphoric  acid  in 
the  latter,  nitrogen  being  separated  in  both  instances.  With  an  equal  bulk 
of  hydrogen,  it  forms  a  mixture  which  cannot  be  made  to  explode,  but  which 
is  kindled  by  contact  with  a  lighted  candle,  and  burns  rapidly  with  a  green* 
ish-while  flame,  water  and  pore  nitrogen  gas  being  the  sole  products.  The 
action  of  freshly  ignited  spongy  platmura  on  a  mixture  of  hydrogen  and 
binoxide  of  nitrogen  gases  leads  to  the  slow  production  of  water  and  am- 
monia. 

Binoxide  of  nitrogen  is  quite  irrespirablc,  exciting  strong  spasm  of  the 
glottis,  as  soon  as  an  attempt  is  made  to  inhale  it.  The  experiment,  how- 
ever, is  a  dangerous  one;  for  if  tlie  gas  did  reach  the  longs,  it  would  there 
mix  with  atmospheric  air,  and  be  converted  into  nitrous  acid  vapours,  which 
are  highly  irritating  and  corrosive. 

Binoxide  of  nitrogen  is  partially  resolved  into  its  elements  by  being  passed 
through  red-hot  tubes.  A  succession  of  electric  sparks  has  a  similar  offect. 
It  is  converted  into  protoxide  of  nitrogen  by  substances  which  hava  a  strong 
afiinily  for  oxygen,  such  as  moist  iron  filings,  and  a  solution  of  solphuret 
of  potassium.  Sir  II.  Davy  ascertained  its  composition  by  the  combustion 
of  charcoal.  (Elements  of  Chemical  Philosophy,  p.  200.)  Two  volumes  of 
the  binoxide  yielded  one  volume  of  nitrogen,  and  about  one  of  carbonic  acid, 
whence  it  was  inferred  to  consist  of  equal  measures  of  oxygen  and  nitrogen 
ffases  united  without  any  condensation.  Gay-Lussac,  in  his  essay  in  tho 
Memoires  d*Arcueil,  proved  that  this  proportion  is  rigidly  exact.  He  decora* 
posed  100  measures  of  the  gas,  by  heating  potassium  in  it ;  when  50  mecu 
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I  of  para  nitrogen  were  leA,  and  the  potatsa  formed  corracponded  to  50 
measnrea  of  ozygeo.  Tlie  lame  &ct  has  been  lately  proved  by  Dr.  Henry 
(An.  of  PhiL  N.  S.  viiL  299.)    Henoe,  as 

50  cnbic  inches  of  oxygen  gas  weigh  .        17.0936  grains. 

50        do.  nitrogen  .        .        ,        .        .    15.0825 

100  cubic  inches  of  the  binozide  must  weigh       .        32.1761 

Its  eompoeition  stated  at  pa^e  167  is^drawn  from  these  facts.  Its  density 
ought  to  be  1.0375,  which  closely  agrees  with  the  direct  experiments  of  Davy, 
Thomson,  and  Berard. 

From  the  invariable  formation  of  red^coloured  acid  vapours,  whenevef 
binoxide  of  nitrogen  and  oxygen  are  mixed  together,  these  gases  detect  the 
presence  of  each  other  with  great  certainty;  and  since  the  product  is  wholly 
nbaorbed  by  water,  either  of  Uiem  may  be  entirely  removed  from  any  gaseous 
mixtore  by  adding  a  sufficient  quantity  of  the  other.  Priestley,  who  first 
observed  tiiis  &ct,  supposed  that  combination  takes  place  between  them  in 
one  proportion  only;  and  inferring  on  this  supposition,  that  a  given  absorp- 
tioD  must  always  indicate  the  same  quantity  of  oxygen,  he  was  led  to  em- 
ploy binoxide  of  nitrogen  in  Eodiometry.  But  in  this  opinion  he  was  mhi^ 
taken.  The  discordant  results  obtained  by  this  method,  soon  excited  suspi^ 
don  of  their  accuracy;  and  the  source  of  error  has  since  been  discovered  by 
the  researches  of  Dafton  and  Gay-Lussac.  It  appears  from  tiie  experiments' 
of  Gay-Lnasac,  and  his  results  do  not  differ  materiaDy  fit>m  those  of  Dalton, 
that  for  100  measures  of  oxygen,  400  of  the  binoxide  may  be  absorbed  as  a 
maximom,  and  133  as  a  minimum ;  and  that  between  these  extremes,  the 
quantity  of  the  binoxide,  corresponding  to  100  of  oxygen,  is  exceedingly  [va- 
riable. It  does  not  follow  from  this,  that  oxygen  and  binoxide  of  nitrogen 
unite  in  every  proportion  within  these  limits.  The  true  explanation'  is,  Uiat 
ttie  mixture  ofiheBe  rases  may  give  rise  to  three  compounds,  hyponitrous, 
nitroQB,  and  nitric  acids ;  and  that  either  may  be  formed  almost,  if  not  en- 
tirely, to  the  exdusion  of  the  others,  if  certain  precautions  are  adopted.  But 
in  the  usual  mode  of  operating,  two^  if  not  all,  are  generated  at  the  same 
time,  and  in  a  proportion  to  each  other  which  is  by  no  means  uniform.  The 
circumstances  that  influence  the  degree  of  absorption,  when  a  mixture  of 
oxygen  and  binoxide  of  nitrogen  is  made  over  water,  are  the  following :— > 
1,  The  diameter  of  the  tube ;  2,  The  rapidity  with  which  the  mixturo  is 
made ;  3,  The  relative  proportion  of  the  two  gases ;  4,  The  time  allowed  to 
elapse  after  mixing  them  ;  5,  Agitation  of  the  tube ;  and  lastly.  The  oppo> 
site  conditions  of  adding^  the  oxygen  to  the  binoxide,  or  the  binoxide  to  the 
oxygen. 

Notwithstsnding  these  many  sources  of  error,  Dalton  and  Gray-Lussac 
maintain  that  binoxide  of  nitrogen  may  nevertheless  be  employed  in  Eudio- 
metry ;  and  they  have  described  the  precautions  which  are  required  to  en- 
sure accuracy.  Dalton  has  given  his  process  in  the  Annals  of^  Philosophy, 
X.  38 ;  and  forther  directions  have  been  published  by  Dr.  Henry  in  hb  Ele- 
menti.  The  method  of  Gay-Lussac,  to  which  my  own  observation  would 
lead  me  to  give  the  preference,  may  be  found  in  the  Memoiret  tPAreuid,  ii. 
347.  Instead  of  employing  a  narrow  tube,  such  as  is  commonly  used  for 
measuring  gases,  Gay-Lussac  advises  that  100  measures  of  air  should  be  in- 
troduced into  a  very  wide  tube  or  jar,  and  that  an  equal  volume  of  binoxide 
of  nitrogen  should  then  be  added.  The  red  vapours,  which  are  instantly 
prodooedf  disappear  very  quickly ;  and  the  absorption  after  half  a  minute,  or 
a  minute  at  the  most,  may  be  regarded  as  complete.  The  residue  is  then 
transferred  into  a  graduated  tube  and  measured.  The  diminution  almost 
always,  according  to  Gay-Lussac,  amounts  to  84  measures,  one-fourth  of 
which  is  oxygen.*    Gay-Lussac  has  applied  this  process  to  the  analysis  of 

•  On  the  supposition  that  the  oxygen  and  binoxide  of  nitrogen  ^^^^^ 
the  proportion  to  form  nitrous  acid,  one-third,  and  not  one-fourlh,  of  the  di- 
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▼arioiu  mixed  gates,  in  which  the  oxygen  was  eometimet  in  a  greater,  at 
others  in  a  less  proportion  than  in  the  atmosphere,  and  the  indications  were 
always  correct  When  the  proportion  of  ozjeen  is  ereat,  a  proportionally 
large  quantity  of  the  binoxide  must,  of  course,  be  employed,  in  order  that  an 
excess  of  it  may  be  present  ' 

There  is  another  mode  of  absorbing  oxygen  gas  by  means  of  binoxide  of 
nitrogen.  If  a  current  of  the  binoxide  be  conducted  into  a  solution  of  pro- 
tosulphate  of  iron,  the  gas  is  absorbed  in  large  quantity,  and  the  solution 
acquires  a  deep  olive-brown  colour,  which  appears  almost  black  when  fully 
saturated.  This  solution  absorbs  oxygen  with  facility.  But  it  cannot  be 
safely  employed  in  Eudiometry ;  because  the  absorption  of  oxygen  isacoom- 
panied,  or  at  least  very  soon  followed,  by  evolution  of  gas  from  the  liquid 
Itself. 

Sir  H.  Davy  ascertained  that  binoxide  of  nitrogen  is  dissolved,  withoat 
decomposition,  by  a  cold  solution  of  protoaulphate  of  iron ;  and  that  when 
the  solution  is  heated,  the  greater  part  of  the  gas  is  disengaged,  and  the  re- 
mainder decomposed.  The  decomposition  is  determined  oiiefly  by  the  affi- 
nity of  protoxide  of  iron  for  oxygen  gas.  The  protoxide  of  iron  decomposes 
a  portion  of  water  and  binoxide  of  nitrogen  at  the  same  time,  and  unites 
with  the  oxygen  of  both ;  while  the  hydrogen  of  the  water  and  nitrogen  of 
the  binoxide  combine  together,  and  generate  ammonia.  Nitric  acid  is  form- 
ed when  the  solution  is  exposed  to  the  air  or  oxygen  gas,  but  not  otherwise. 

It  is  singular  that  both  binoxide  and  protoxide  of  nitrogen,  notwithstand- 
ing the  absence  of  acidity,  are  capable  of  forming  compounds  of  considera- 
ble permanence  with  the  pure  alkidies.  The  circumstances  yhich  give  rise 
to  the  formation  of  these  compounds  will  be  stated  in  the  description  of  nitre. 

HYPONITROUS  ACID, 

On  adding  binoxide  of  nitrogen  in  excess  to  oxygen  gas,  confined  in  a 
glass  tube  over  mercury,  Gay-Lussac  observed  that  the  absorption  is  always 
uiifbrm,  provided  a  strong  solution  of  pare  potassa  is  put  into  the  tube  be- 
fore mixing  the  two  gases.  He  found  that  100  measures  of  oxygen  gas 
combine  under  these  circumstances  witli  400  of  the  binoxide,  forming  an 
acid  which  unites  with  the  potassa.  The  compound  so  formed  is  by  pool- 
trous  acid,  the  composition  of  which  may  be  easily  inferred  from  the  pro- 
portions just  mentioned.  For  as  binoxide  of  nitrogen  contains  half  its  vo- 
lume of  oxygen  gas,  the  new  acid  must  be  coropcwed  of  200  measures  of 
nitrogen  and  300  of  oxygen,  or  of  100  and  150,  as  already  stated  (page  167). 

minution  ought  to  be  due  to  oxygen ;  for  nitroift  acid  is  composed  of  one 
volume  of  oxygen  and  two  volumes  of  binoxide  of  nitrogen.  It  may  be 
asked,  therefore,  what  are  the  real  products  of  the  experiment ;  as  in  point 
of  fact,  one.fonrth  of  the  ^ra«eous  matter  which  disappeara  is  due  to  oxyrai? 
The  late  Dr.  Dana  ingeniously  reconciled  this  result  with  the  theory  of  vo- 
lumes, by  supposing  that  two-thirds  of  the  binoxide  of  nitrogen  become 
byponitrous  acid,  and  one-lhird  nitrous  acid.  Thus  supposing  six  volumes 
of  the  binoxide  to  be  mixed  with  a  sufficient  quantity  of  oxygen,  four  vo- 
lumes are  assumed  to  be  converted  into  hyponitrous  acid,  by  combining 
with  one  volume  of  oxygen,  and  the  remaining  two,  into  nitrous  acid,  by 
uniting  with  the  same  quantity  of  oxygen.  In  this  manner  six  volumes  of 
binoxide  and  two  volumes  of  oxygen,  m  all  eight  volumes,  will  disappear, 
being  condensed,  as  above  explained,  into  hyponitrous  and  nitrous  acids. 
Now  of  these  eight  volumes,  it  is  apparent  that  one-fourth  is  oxygen. 

When  the  experiment  is  performed  with  certain  precautions,  nitrous  acid 
is  the  sole  product,  and  the  formula  for  calculating  the  quantity  of  oxygen 
is  of  course  to  divide  the  diminution  by  three.  I  had  the  pleasure  of  seeing 
this  proved  experimentally,  on  several  occasions,  by  Dr.  Hare  of  the  Univer« 
■ity  of  Pennsylvania. — Ed, 
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Another  method  of  fonning  it  is  by  keeping  binoxide  of  Ditrogen  for  a  con- 
Biderable  time,  say  three  months,  in  a  glass  tube  over  mercury,  with  a 
strong  solution  of  pure  potassa.  The  binoxide  is  resolved  into  hyponitrous 
acid,  which  unites  with  the  alkali,  and  protoxide  of  nitrogen  remains  in  tho 
tube.  It  is  also  said  to  be  formed  when  400  measures  of  binoxide  of  nitro- 
gen are  mixed  with  100  of  oxygen  gas,  both  quite  dry,  and  the  resulting 
oranee  fumes  are  exposed  to  a  cold  of  0°  F.  when  it  is  condensed  into  a 
liquid. 

Anhydrons  liquid  hyponitrous  acid  is  colourless  at  0^  F.  and  green  at 
eommon  temperatures.  It  is  so  volatile,  that  in  open  vessels  the  green  fluid 
wholly  and  rapidly  passes  off  in  the  form  of  an  orange  vapour,  which  is  said 
by  Mitscherlich  to  have  a  density  of  1.72.  On  admixture  with  water  it^is 
converted  into  nitric  acid  and  binoxide  of  nitrogen,  the  latter  escaping  with 
effisrveseence ;  but  when  much  nitric  acid  is  present,  the  hyponitrous  is 
changed  into  nitrous  acid,  the  presence  of  which  imparts  several  shades  of 
colour,  orange,  yellow,  green,  and  blue,  according  as  its  quantity  is  more  or 
leas  predominant  One  equivalent  of  hyponitrous  and  one  of  nitric  acid 
yield  two  equivalents  of  nitrous  acid :  thus  N  4-  30  and  N  ^.  50  obviously  con- 
tain the  elemenU  for  forming  2(N  +  40). 

Hyponitrous  acid  does  not  unite  directly  with  alkalies,  being  then  resolv- 
ed  principally  into  nitric  acid  and  binoxide  of  nitrogen ;  but  the  hyponi- 
trites  of  the  alkalies  and  alkaline  earths  may  be  obtained  by  heating  the  cor- 
responding nitrates  to  a  gentle  red  heat;  and  the  hyponitrite  of  tho  oxide 
of  lead  is  formed  by  bpiling  a  solution  of  the  nitrMe  of  that  oxide  with  me- 
tallic kad. 

Hyponitrous  acid  forms  with  water  and  sulphuric  acid  a  crystalline  com- 
pound, which  is  generated  in  large  quantity  during  the  manufacture  of  sul* 
phnric  acid,  and  the  production  of  which  is  an  essential  part  of  that  process. 
It  is  generated  whenever  moist  sulphurous  acid  ^s  and  nitrous  acid  vapour 
are  intermixed,  being  instantly  deposited  in  the  form  of  white  acicular  crys- 
tals ;  and  Gay-Lussac  discovered  that  it  may  also  be  made  by  the  direct  ac- 
tion of  anhydrous  nitrous  and  strong  sulphuric  acid.  The  first  attempt  to  de- 
termine its  composition  analytically  was  by  Dr.  Henry,  who  found  it  to  con- 
aist  of  one  equivalent  of  hyponitrous  acid,  five  of  sulphuric  acid,  and  five  of 
water.  (Ann.  of  PhiJ.  xxvii.  367.)  Gaultier  de  Claubry  has  lately  repeated 
the  analysis  ot  the  same  compound  in  a  state  of  more  perfect  dryness,  and 
by  what  he  considers  a  better  method  ;  and  he  gives  as  its  constituents  two 
equivalents  of  hyponitrous  acid,  four  of  water,  and  five  of  sulphuric  acid. 
(An.  de  Ch.  et  de  Ph.  xlv.  984.)  The  theory  of  its  production  has  been  very 
carefully  studied  by  G.  de  Claubry.  It  appears  that  when  moist  sulphurous 
and  nitrous  acids  react  on  each  other,  the  former  is  converted  into  sulphuric 
and  the  latter  into  hyponitrous  acid,  the  oxygen  lost  by  one  being  gained  by 
the  other.  A  little  nitrogen  gas  is  always  disengaged  at  the  same  time, 
which  can  only  arine  from  a  small  portion  of  nitrous  acid  losing  the  whole 
of  its  oxygen.  The  action  of  sulphuric  on  nitrous  acid  is  different :  in  this 
case  the  nitrons  acid  is  resolved  into  nitric  and  hyponitrous  acids,  the  latter 
uniting  with  sulphuric  acid  and  most  of  its  water  to  produce  the  crystallme 
solid,  while  the  remainder  of  the  water  unites  with  the  nitric  acid.  When 
the  crystalline  matter  is  put  into  water,  the  hyponitrous  is  resolved  into  ni- 
trous acid  and  binoxide  of  nitrogen,  both  of  which  escape  with  effervescence. 
If  much  water  is  present,  more  or  less  of  the  nitrous  acid  is  converted  into 
nitric  acid  and  the  binoxide.  Similar  changes  ensue  when  the  crystals  are 
exposed  to  the  air,  humidity  being  rapidly  absorbed.  This  subject  has  also 
been  lately  examined  by  Bussy  with  similar  results. 

NITROUS  ACID. 

To  form  pure  nitrous  acid  by  tho  mixture  of  oxygen  gas  with  binoxide  oi^ 
nitrogen,  the  operation  should  not  be  conducted  over  water  or  mercury  :  the 
presence  of  the  former  determmes  the  production  of  nitric  acid,  and  the  lat- 
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ier  if  oxidized  by  the  nitroos  acid,  and,  therefore,  deoompoaes  it  Davr 
ahowed,  by  making  the  mixture  in  a  dry  glaaa  vessel  previously  exhausted, 
that  nitrous  acid  vapour  is  formed  by  the  action  of  200  measures  of  binoxida 
of  nitrogen  on  100  of  oxygen  gas ;  and  hence,  as  200  of  the  binoxide  contain 
100  of  nitrogen  and  100  of  oxygen,  nitrous  acid  was  inferred  to  consist  of 
100  measures  of  nitrogen  nnited  with  200  of  oxygen  gas,  as  stated  at  page 
167.  This  inference  has  been  confirmed  by  the  researches  of  Gay-Lusaac 
and  Dulong  (An.  de  Ch.  et  de  Ph.  i.  and  ii.),  the  former  of  whom  also  proved 
that  its  elements  contract  to  l-3rd  of  their  volume  ;  or  in  other  words,  100 
measures  of  nitrous  acid  vapour  contain  100  of  nitrogen  gas  and  200  of 
osnrgen.  The  specific  gravity  of  this  vapour  ought  to  be  3.1775,  formed  of 
0.9727  the  spw  gr.  of  nitrogen -|.  2  J2048  twice  the  sp.  gr,  of  oxygen. 

Nitrous  acid  vapour  is  characterized  by  its  orange-red  colour,  acid  reaction 
to  test  P&per,  and  by  being  absorbed  by  water  with  disengagement  of  bin* 
oxide  of  nitrogen  and  formation  of  nitric  acid.  It  is  quite  irrespirable,  ex^ 
citing  great  irritation  and  spasm  of  the  glottis,  even  when  moderately 
diluted  willi  air.  A  taper  burns  in  it  with  considerable  brilliancy.  It  ex- 
tinguishes burning  sulphur ;  but  the  combustion  of  phosphorus  continues  in 
it  with  great  vividness. 

Nitrous  acid  may  exist  in  the  liquid  as  well  as  in  the  gaseous  form.  Its 
vapour  may  be  condensed  by  a  freezing  mixture ;  but  the  best  mode  of  pre- 
paring it,  is  by  exposing,  in  an  earthen  retort,  nitrate  of  lead,  carefully  dried, 
to  a  red  heat  The  nitric  acid  of  the  salt  is  resolved  into  nitrous  acid  and 
oxygen ;  and  on  receiving  these  products  in  a  dry  tube  surrounded  by  a 
mixture  of  ice  and  salt,  most  of  the  former  is  condensed.  The  liquid  as 
thus  obtained  is  anhydrous,  is  acid  and  pungent  to  the  taste,  gives  a  yellow 
stain  to  the  skin,  and  is  powerfully  corrosive.  At  common  temperatures  its 
colour  is  an  orange-red ;  but  it  becomes  yellow  when  cooled  below  32^,  and 
at  0^  F.  is  nearly  colourless.  Its  density  is  1.451.  It  is  extremely  volatile, 
boiling  at  82^ :  in  a  stoppered  bottle  it  preserves  its  liqxiid  form  at  common 
temperatures ;  but  when  exposed  to  the  atmosphere  it  is  rapidly  dissipated, 
forming  nitrous  acid  vapours  which,  when  once  mixed  with  air  or  other 
gases,  require  intense  cold  for  condensation. 

Nitrous  acid  is  a  powerful  oxidizing  agent,  readily  giving  oxygen  to  the 
more  oxidable  metals,  and  to  most  substances  which  have  a  strong  affinity 
lor  it  The  acid  is  decomposed  at  the  same  time,  being  commonly  changed 
into  binoxide  of  nitrogen,  though  sometimes  the  protoxide  and  even  pure 
nitrogen  gases  are  evolved.  When  transmitted  through  a  red-hot  porcelain 
tube,  it  suffers  decomposition,  and  a  mixture  of  oxygen  and  nitrogen  gaaee 
is  obtained. 

When  nitrous  acid  is  mixed  with  a  considerable  quantity  of  water,  it  ia 
instantly  resolved  into  nitric  acid,  which  unites  with  the  water,  and  binoxide 
of  nitrogen  which  escapes  with  effervescence.  Three  equivalents  of  nitrons 
acid  arc  in  proportion  to  form  two  of  nitric  acid  and  one  of  the  binoxide; 
for  3(N  +  40)  contain  2(N  -f-  50)  and  N + 20.  When  a  rather  small  quan- 
tity of  water  is  used,  the  disengagement  of  binoxide  of  nitrogen,  at  first 
considerable,  becomes  less  and  less  as  successive  quantities  of  nitrous  acid 
are  added,  till  at  lost  the  evolution  of  gas  ceases  altogether.  The  colour  of 
the  solution  varies  remarkably  during  the  process:  from  being  oolourlcas, 
the  liquid  acquires  a  blue  tint  then  passes  into  bluish-grecn,  green,  yellow, 
and  lastly  orange.  These  different  solutions  contain  different  relative  quan- 
tities of  nitric  acid,  nitrous  acid,  and  water,  on  which  circumstance  the 
varying  shades  of  colour  depend.  Nitric  and  nitrous  acids  are  disposed  to 
unite  with  each  other,  and  the  influence  of  this  attraction  enables  nitrous 
acid  to  sustain  admixture  with  water  without  decomposition.  Strong  nitric 
acid  will  unite  with  a  considerable  quantity  of  nitrous  acid,  and  thereby  ac- 
quires an  orange-red  tint  In  a  weaker  nitric  acid  the  water  decomposes 
part  of  the  nitrous  acid,  and  the  colour  of  the  solution  is  orange  or  yellow. 
As  the  strength  of  the  nitric  acid  becomes  weaker  and  weaker,  the  quantity 
of  nitrous  acid  which  it  can  protect  from  decomposition  becomes  leas  and 
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lev,  and  the  colour  of  the  sdiitlon  varies  from  yellow,  (preen,  and  blue,  and 
is  at  length  colourless.  These  changes  may  be  witnessed,  not  only  by  add- 
ing successive  qaantities  of  nitrous  acid  to  water,  and  thereby  at  lenffth 
producing  a  strong  nitric  acid,  but  commencing  with  the  latter,  saturatmg 
it  with  nitrous  aci<^  and  then  successively  diluting  with  water. 

When  nitrous  acid  is  miied  with  a  very  small  quantity  of  water,  no  bin^ 
oxide  of  nitrogen  is  disengaged,  but  the  liquid  becomes  green,  like  the  co 
lour  of  hyponitrous  acid.  I  have  repeatedly  obtained  a  similar  liquid  in  pre- 
paring nitrous  acid  from  nitrate  of  lead,  when  the  materials  were  not 
adequately  dried ;  and  that  green  liquid,  when  aUowed  to  dissipate  in  the 
air,  leaves  some  nitric  aid  behind.  From  these  facts  it  seems  probable  that 
in  the  decomposition  of  nitrous  acid  by  water,  the  first  change  is  the  con. 
version  df  nitrous  into  nitric  and  hyponitrous  acids,  which  last  is  subse. 
quentiy  changed,  when  the  required  quantity  of  water  is  present,  into  nitri  • 
acid  and  binoxide  of  nitrogen.  It  may  thus  well  happen  that  hyponitront 
acid  contributes  to  produce  the  varying  colours  above  described. 

Some  chemists  consider  nitrous  acid  as  a  compound  of  nitric  and  hypo- 
nitrous Aada,  rather  than  of  nitrogen  and  oxygen.  In  fact,  on  adding  nitrous 
acid  to  an  alkaline  solution,  we  obtain  a  nitrate  and  hyponitrite,  a  circum- 
stance which  has  given  rise  to  the  notion  that  nitrous  acid  cannot  act  as  a 
distinct  acid.  Berzelios  and  Mitscherlich.  affirm  that  the  salts  commonly 
termed  nitrites,  such  as  nitrite  of  baryta  and  potassa,  made  by  heating  tlie 
corresponding  nitrates  to  gentle  redness,  contain  hyponitrous  acid. 

NITRIC  ACID. 

If  a  snccession  of  electric  sparks  be  passed  through  a  mixture  of  oxygen 
and  nitrogen  gases  confined  in  a  glass  tube  over  mercury,  a  little  water 
being  present,  the  volume  of  the  gases  will  gradually  diminish,  and  the 
water  after  a  time  will  be  found  to  have  acquired  acid  properties.  On  neu- 
tralizing the  solution  with  potassa,  or  what  is  better,  by  putting  a  solution 
of  that  alkali  instead  of  water  into  the  tube  at  the  beginning  of  the  experi- 
ment, a  salt  is  obtained  which  possesses  all  the  properties  of  nitrate  of 
potassa.  This  experiment  was  performed  in  1785  by  Mr.  Cavendish,  who 
inferred  from  it  that  nitric  acid  is  composed  of  oxygen  and  nitrogen.  The 
best  proportion  of  the  gases  was  found  to  be  seven  of  oxygen  to  three  of 
nitrogen ;  but  as  some  nitrous  acid  is  always  formed  during  the  process,  the 
exact  composition  of  nitric  acid  cannot  in  this  way  be  accurately  deter. 


Nitric  acid  may  be  formed  much  more  conveniently  by  adding  binoxide 
of  nitrogen  sk>wly  over  water  to  an  excess  of  oxygen  gas.  Gay-Lussae 
proved  that  nitric  acid  may  in  this  manner  be  obtained  ouite  free  from 
nitrous  or  hyponitrous  acid;  and  that  it  is  composed  of  100  measures  of 
nitrogen  and  250  of  oxygen.  This  result  has  been  confirmed  by  the  expe- 
rioients  of  Davy,  Henry,  Berzelius,  and  otherB,*fully  establishing  the  com- 
position as  already  stated. 

Nitric  acid  cannot  exist  in  an  insulated  state.  Binoxide  of  nitrogen  and 
oxygen  gases  never  form  nitric  acid  if  mixed  together  when  quite  dry ;  and 
nitrous  acid  vapour  may  be  kept  in  contact  with  oxygen  gas  without  cnange, 
provided  no  water  is  present  The  roost  simple  form  under  which  chemists 
have  hitherto  procured  nitric  acid  is  in  solution  with  water ;  a  liquid  which, 
in  iu  concentrated  state,  is  the  nitric  acid  of  the  Pharmacopceia.  By  menu- 
ikctnrers  it  is  better  known  by  the  name  of  aquafortis. 

^  The  nitric  acid  of  commerce  is  procured  by  decomposing  some  salt  of 
nitric  acid  by  means  of  oil  of  vitriol;  and  common  nitre,  as  the  cheapest  of 
the  nitrates,  is  employed  for  the  purpose.  This  salt,  previously  well  dried, 
is  put  into  a  glass  retort,  and  a  quantity  of  the  stron^st  oil  of  vitriol  is 
poured  upon  it.  On  applying  heat,  ebullition  ensues,  owing  to  the  escape  of 
nitric  acid  vapours,  which  must  be  collected  in  a  cool  receiver.    The  heat 
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thoald  be  vteadiljr  inoreued  daring'  the  eperetieii,  and  oontiiraed  u  hog  i* 
any  acid  vapours  oome  over. 

Chemiflts  differ  as  to  the  best  proportions  for  forminff  nitric  acid.  The 
London  CoHere  reoommends  equal  weights  of  nitre  and  oil  of  vitriol;  and 
the  Edinburgh  and  Dublin  Collefles  employ  three  parts  of  nitre  to  two  of 
the  aoid.  In  the  process  of  the  London  Ck>llege,  the  alkali  of  the  nitre  is 
left  as  a  bisulphate  in  the  retort ;  since  one  equivalent  of  nitre  (54  nitrie 
acid  and  47  potassa)  is  101,  and  the  nearly  equal  number  98  Corresponds  to 
two  equivalents  of  oil  of  vitriol^  which  contsin  two  eq.  of  anhydrous  sul* 
phoric  acid  and  two  eq.  of  water.  Daring  the  dbtillation  the  nitric  acid 
passes  over  along  with  one  and  a  half  eq.  of  water,  and  half  an  equivalent 
of  water  is  retained  by  tlie  bisulphate  of  potassa.  The  presedce  of  water  ie 
essential :  nitric  acid  of  sp.  gr.  1.50  consists  of  real  or  anhydrous  acid  and 
water  in  the  ratio  of  one  eq.  to  one  and  a  half,  or  two  to  three;  and  unless 
water  in  at  least  this  proportion  be  supplied,  a  proportional  quantity  of 
nitric  acid  is  resolved,  at  the  moment  of  quitting  the  potassa,  into  oxygen 
and  nitroos  acid  (Phillips,  in  Phil.  Mag.  ii.  430).  If  the  mixtnre  be  intro- 
duced  into  the  retort  without  soiling  its  neck,  and  the  heat  be  caotioasly 
raised,  the  product  will  be  qui  to  free  from  sulphuric  acid;  and,  therefore, 
the  second  distillation  fhmi  nitre,  reoommendod  in  the  Pharmacopsia,  is 
superfluous. 

The  proportions  of  the  Edinburgh  and  Dublin  Colleges  are  such,  that  the 
residual  salt  is  a  mixture  of  sulphate  and  bisulphate  of  potessa.  The  acid 
of  the  nitre  does  not  receive  from  the  oil  of  vitriol  the  requisite  quantity  of 
water,  and  hence  part  of  it  is  decomposed,  yielding  towards  the  close  of  the 
operation  an  abundant  supply  of  nitrous  acid  fumes.  If  the  receiver  be  kept 
oool,  nearly  all  these  vapours  are  condensed,  and  the  prodoct  is  a  miitnre 
of  nitric  and  nitrous  acids,  of  a  deep  orange-red  colour,  very  strong  and 
faming,  and  of  a  greater  specific  gravity,  though  proportionally  less  in  quan- 
tity, than  that  obtained  by  the  foregoing  process.  The  specific  gravity  of 
the  pale  add  is  1.500 ;  while  that  of  the  red  acid  is  1.590,  or  by  previously 
drying  the  nitre  and  boiling  the  sulpharic  acid.  Dr.  Hope  states  that  it  may 
be  made  so  high  as  1.54. 

Some  manofiusturers  decompose  nitre  with  half  ite  weight  of  sulphuric 
acid,  thus  employing  the  incrediente  in  the  proportion  of  one  equivalent  of 
each.  In  this  ease  about  half  of  the  nitric  acid  is  decomposed,  and  con- 
siderable loss  susteined,  unless  the  requisite  quantity  of  water  is  previously 
mixed  with  the  sulphuric  acid,  or  water  be  placed  in  the  receiver  to 
condense  tho  nitrous  acid.  Some  of  the  nitre  is  likewise  apt  to  escape 
decomposition;  and  the  residue,  consisting  of  neutral  sulphate,  which  is 
much  less  soluble  than  the  hisnlphate,  is  removed  from  the  retort  with 
difficulty. 

In  none  of  the  preceding  processes,  not  even  in  the  first,  is  the  product 
quite  colourless;  for  at  the  commencement  and  close  of  the  operation, 
nitrous  acid  fumes  are  disengaged,  which  communicate  a  straw-yellow  or 
an  orange-red  tint,  according  to  their  quantity.  If  a  very  pale  acid  is 
required,  two  receivers  shouki  be  used ;  one  for  condensing  the  coioorless 
vapours  of  nitric  acid,  and  another  for  the  coloured  producte.  The  coloured 
acid  u  called  nitrous  acid  by  the  College;  but  it  is  in  reality  a  mixture  or 
compound  of  nitric  and  nitrous  acids,  similar  to  what  may  lie  obtained  by 
mixing  anhydrous  nitrous  with  colourless  nitric  acid.  It  is  easy  to  convert 
the  common  mixed  acid  of  the  College  into  colourless  nitric  acid,  by  exposing 
the  former  to  a  gentle  heat  for  some  time,  when  all  the  nitrous  acid  will  be 
expelled.  But  this  process  is  rarely  necessary,  as  the  coloured  acid  may  be 
sttbstitated  in  most  cases  fbr  that  which  is  ook>nrless.  Where  an  acid  of 
great  strength  is  required,  the  former  is  even  preferable. 

Nitric  acid  frequently  contains  portions  of  sulpharic  and  hydrochloric 
acid.  The  former  b  derived  from  the  acid  which  is  used  in  the  prooeae ; 
and  the  latter  fVom  sea-salt,  which  is  fieqiiently  mixed  with  nitre.  Theee 
impurities  may  be  detected  by  adding  a  lew  drops  of  a  solation  of  chloride 
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of  buiam  and  nitrate  of  tiker  to  feparate  portMiii  of  nitric  aoid,  dilotod 
with  Uhiee  or  four  puts  of  distilled  water.  If  chloride  of  barium  oaiue  a 
cloodiiw  or  precipitate,  eulphuric  acid  moat  be  present;  if  a  uinilar  eflbet 
be  produced  l»y  nitrate  of  silver,  the  presence  of  hydrochloric  acid  maj  be 
inferred.  Nitric  acid  is  purified  from  sulpburio  acid  hj  redistilling  it  nrom 
u  smaU  quantity  of  nitrate  of  potassa,  with  the  alkali  of  which  the  sulphuric 
acid  unites,  and  remains  in  the  retort  To  separate  hrdrochloric  acid,  it  is 
neoeasarj  to  drop  a  solution  of  nitrate  of  silver  into  the  nitric  acid  as  long 
as  a  precipitate  is  formed,  and  draw  off  the  pure  acid  by  distillation. 

Nitric  acid  possesses  acid  properties  in  an  eminent  degree.  A  lew  drops 
of  it  diluted  with  a  considerable  quantity  of  water  form  an  acid  solution, 
which  reddens  litmus  paper  permanently.  It  unites  with  and  neutralizes 
alkaline  substances,  forming  with  them  salts  which  are  called  nttroles.  In 
its  purest  and  most  coocentrated  state  it  is  oolourless,  and  has  a  specific 
ffimyity  of  1^  or  1^10.  It  still  contains  a  considerable  quantity  of  water, 
from  which  it  cannot  be  separated  without  decomposition,  or  by  uniting 
with  eome  other  body.  An  acid  of  density  1^  contains  20  per  cent  ^ 
water,  according  to  the  experiments  of  Mr.  Phillips,  and  20.3  per  cent. 
according  to  those  of  Dr.  Ure.*  Nitric  acid  of  this  strength  emits 
dense,  white,  sitfocating  vapours  when  exposed  to  the  atmosphere.  It 
attracts  watery  vapour  from  the  air,  whereby  its  density  is  diminished. 
A  rise  of  temperature  is  occasioned  by  mixing  it  with  a  certain  quantity 
of  water.  Dr.  Ure  found  that  when  56  measures  of  nitric  aoid  if 
densitj  1.5  are  suddenly  mixed  with  42  of  water,  the  temperature  rises 
from  60  to  140°  F.;  and  the  mixture,  on  cooling  to  60°,  occupies  the  space 
of  92.65  measures  instead  ef  100.  From  its  strong  affinity  for  water,  it 
occasions  snow  to  liquefy  with  great  rapidity ;  and  if  the  mixture  is  made 
in  due  proportion,  intense  cold  will  be  generated.  (Page  39.) 

Nitric  acid  boils  at  948°  F.,  and  may  be  distilled  without  suffering  mate- 
rial  change.  An  acid  of  lower  density  than  1.42  becomes  stronger  by  being 
healed,  because  the  water  evaporates  more  rapidly  than  the  acid.  An  acid, 
oa  the  ooauary,  which  is  stronger  than  1.42  is  weakened  by  the  api^cation 
cxfheat. 

Nitrie  acid  may  be  ftoien  by  cold.  The  temperature  at  which  congola- 
fion  takes  place,  varies  with  the  strength  of  the  aoid.  The  strongest  acid 
freeses  at  about  50°  beiow  lero.  When  diluted  with  half  its  weight  of 
water,  it  becomes  solid  at  — li°  F.  By  the  addition  of  a  little  more  water, 
its  freezing  point  is  lowered  to — 45°  F. 

Nitrie  add  acts  poweifully  on  substances  which  are  disposed  to  unite 
with  oxygen;  and  hence  it  is  much  employed  by  chemists  for  bringing 
bodies  to  their  maximum  of  oxidation.  Nearly  all  the  metals  are  oxidixed 
bjr  it;  and  some  of  them,  such  as  tin,  copper,  and  mercury,  are  attacked 
with  great  violeBee.  If  Sung  on  burning  charcoal,  it  increases  the  brilliancy 
of  its  eombostioD  in  a  high  degree.  Sulphur  and  phosphorus  are  converted 
into  acids  by  its  actioo.  AU  vegetable  substances  are  decomposed  by  it. 
In  general  the  oxygen  of  the  nitric  acid  enters  into  direct  combination  with 
the  hydrogen  and  carbom  of  those  compounds,  forming  water  with  the  {or* 
mer,  and  carbonic  add  with  the  latter.  This  happens  remarkably  in  those 
eompounds  in  which  hydrogen  and  carbon  are  predominant,  as  in  alcohol 
and  the  oils.  It  eflects  the  decomposition  of  animal  matters  also.  The 
cuticle  and  nails  receive  a  permanent  yellow  stain  when  touched  with  it ; 
and  if  applied  to  the  skin  in  suffident  quantity  it  acts  as  a  powerful  cautery, 
destroying  the  organization  of  the  part  entirely. 

Wlien  oxidation  is  eflected  through  the  medium  of  nitric  acid,  the  acid 
itadf  is  commonly  converted  into  binoxide  of  nitrogen.  This  gas  is  some- 
'' — I  given  off  nearly  quite  pure;  but  in  general  some  nitrous  add,  proCox- 

«  See  hU  table  in  ijtm  Appendix,  showin|r  the  strength  of  diluted  acid  of 
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ide  of  nitroj^n,  or  pure  nitrogen,  is  diaengtiged  tt  the  same  time.  The 
escape  of  nttroas  acid  in  these  cases  seems  owing,  accordinp^  to  some  late 
observations  of  Mr.  Phillips,  not  so  much  to  its  direct  formation,  but  to  the 
binoxide  at  first  formed  acting  on  the  nitric  acid  of  the  solution.  Direct 
solar  light  deoxidizes  nitric  acid,  resolving  a  portion  of  ^  it  into  oxygen  and 
nitrous  aci{].  The  former  escapes  as  gas;  the  latter  is  absorbed  by  the 
nitric  acid,  and  converts  it  into  the  miz^  nitrous  acid  of  the  shops.  When 
the  vapour  of  nitric  acid  is  transmitted  through  red-hot  porcclam  tubes,  it 
suffers  complete  decomposition,  and  a  mixture  of  oxygen  and  nitrogen  gases 
is  the  product 

Nitric  acid  may  also  be  deoxidized  by  transmitting  a  current  of  binoxide 
of  nitn^n  through  it  That  gas,  by  takin?  oxy^n  from  the  nitric,  is  con- 
.▼erted  into  nitrous  acid ;  and  a  portion  of  nitric  acid,  by  losing  oxygen, 
passes  into  the  same  compound.  The  nitrous  acid,  thus  derived  from  two 
sources,  gives  a  colour  to  the  nitric  acid,  the  depth  and  kind  of  which 
depend  on  the  strength  of  the  acid.    On  saturating  with  binoxide  of  nitro* 

fen  four  separate  portions  of  nitric  acid  of  the  densities  1.15, 1.35, 1.40,  and 
.50,  the  colour  will  be  blue  in  the  first,  green  in  the  second,  yellow  in  the 
third,  and  brownish-red  in  the  fourth ;  and  acid  of  1.05  is  not  coloured  at  all. 
Mr.  Phillips  found  that  acid  of  density  1.497  acquired  a  density  1.541,  that 
is,  was  made  stronger,  by  saturation  with  the  binoxide :  but  those  acids 
which  become  green  are  much  weakened,  because  nitrous  acid,  formed  at 
the  expense  of  the  nitric  acid,  is  decomposed  by  the  water  of  the  solution. 

All  the  salts  of  nitric  acid  are  soluble  in  water,  and,  therefore,  it  is  impos- 
sible to  precipitate  that  acid  by  any  reagent  The  presence  of  nitric  acid, 
when  uncombined,  is  readily  detected  by  its  strong  action  on  copper  and 
mereury,  emitting  ruddy  fumes  of  nitrous  acid,  and  by  its  forming  with 
potassa  a  neutral  salt,  which  crystallizes  in  prisms,  and  has  all  the  proper- 
ties of  nitre.  Gold-leaf  is  a  still  more  delicate  test  When  hydrochloric 
acid  is  added  to  the  solution  of  a  nitrate,  chlorine  is  disengaged,  and  the 
liouid  hence  acquires  the  property  of  dissolving  gold-leaf;  but  as  the  action 
of^ hydrochloric  acid  on  the  salts  of  chloric,  bromic,  iodic,  and  selenic  acids 
likewise  yields  a  solution  capable  of  dissolving  gold,  no  inference  can  be 
drawn  from  the  experiment,  unless  the  absence  of  tliese  acids  shall  have 
been  previously  demonstrated.  Another  character  which  may  be  useful  is 
to  mix  the  supposed  nitric  acid  or  nitrate  with  dilute  sulphuric  acid  in  a 
tube,  add  a  few  fragments  of  pure  zinc,  and  set  fire  to  the  hydrogen  as  it 
issues :  if  nitric  acid  be  present,  the  flame  of  the  hydrogen  will  have  a 
greenish- white  tint,  due  to  admixture  with  binoxide  of  nitrogen.  This  test 
occurred  to  my  assistant,  Mr.  Belmain,  and  Mr.  Maitland  at  the  same  titne 
proposed  alcohol  instead  of  zinc  with  the  same  intention.  A  very  delicate 
test  has  been  proposed  by  Dr.  O'Shaugnessy,  founded  on  the  orange-red  fol- 
lowed by  a  yellow  colour,  which  nitric  acid  communicates  to  morphia. 
The  supposed  nitrate  is  heated  in  a  test  tube  with  a  drop  of  sulphuric  acid, 
and  then  a  crystal  of  morphia  is  added.  (Lancet,  1839-30.)  It  is  advisable 
to  try  the  process  in  a  separate  tube  with  the  sulphuric  acid  alone,  in  order 
to  prove  the  absence  of  nitrig  acid. 
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CARBON. 

Whsv  wood  is  heated  to  a  certain  degree  in  the  open  air,  it  takes  fire, 
and  burns  with  the  formation  of  water  and  carbonic  acid  gas  till  the  whole 
of  it  is  consumed.  A  small  portion  of  ashes,  consisting  of  the  alkaline  and 
earthy  matters  which  had  formed  a  part  of  the  wood,  is  the  sole  residue. 
But  if  the  wood  be  heated  to  redness  in  close  vessels,  so  that  atmospheric 


■if  eumol  hvrB  free  aceen  to  it,  a  largv  quantity  of  gaaaote  and  othar  vola* 
tile  mattera  ia  expelled,  and  a  Uack,  hard,  poroQa  aubatanoe  is  left,  called  ^ 
ekareo^L 

Charcoal  may  be  procured  from  other  aouroea.  When  the  volatile  matlera 
an  driTen  off  from  coal,  aa  in  the  proceaa  for  making  coal  gas,  a  peculiar 
kind  of  charcoal,  called  coke,  remaine  in  the  retort  Mott  animal  and  Tega. 
table  mbetanoea  yield  it  when  ignited  in  clooe  yeaaela.  Thua,  a  yery  pure 
charcoal  may  be  procured  from  etarch  or  augar ;  and  from  the  oil  of  torpen- 
tine  or  spirit  of  wine,  by  paaaioflr  tfaeir  vapour  through  tubea  heated  to  red- 
neaf.  When  bonea  are  made  recChot  in  a  covered  crucible,  a  Uack  maaa  re- 
maina,  which  conriata  of  charcoal  mixed  with  the  earthy  mattera  of  the 
bone.    It  ia  called  teery  blacky  or  ammal  eluireoaL 

Charcoal  is  bard  and  brittle,  condocta  heat  very  slowly,  but  is  a  good  con- 
ductor of  electricity.  It  is  quite  insoluble  in  water,  is  attacked  with  difficulty 
by  nitric  acid,  and  is  little  effected  by  any  of  the  other  acids,  or  by  the  alkaliea. 
It  undergoes  little  change  from  ezpoeare  to  air  and  moisture,  being  less  injur-  f 
ed  under  these  circumstances  than  wood.  It  ia  eicceedingly  refhiuctorj  in  the  ( 
fire,  if  excluded  from  the  air,  aupporting  the  moat  inlenae  heat  which  che-  \ 
mists  are  aUe  toproduee  without  change. 

Charcoal  poasesaea  the  property  of  absorbing  a  large  quantity  of  air  or 
other  gases  at  common  temperatures,  and  of  yielding  the  greater  part  of 
them  win  whoi  it  ia  heated.  It  appears  from  the  researohea  of  Sauaeure, 
that  difeent  gaaea  are  abaorbed  by  it  in  diflfereot  proportiona.  His  experi- 
nenta  were  pmormed  by  plunging  a  piece  of  red-hot  charcoal  under  mer- 
cary,  and  introducing  it  when  cool  into  the  gaa  to  be  abaorbed.  He  ^nd 
that  charcoal  prepar^  from  box-wood  abaorba,  during  the  space  of  34  or  36 
hours,  of 


Ammoniacal  gaa 
Muriatic  acid 
Sulphurona  acid 


Salphuretled  hydrogen  .  55 

Nitrous  oxide .  .  .40 

Carbonic  acid        ...  35 

Oiefiantgaa    .  .  .35 

Carbonic  oxide      .  .  9.42 

Oxygen  ....        955 

Nitrogen  ...  TJ5 

Hydrogen        ....        1.75 


90  times  its  volume. 

85 

65 


The  abaorbing  power  of  charcoal,  with  respect  to  gaaea,  cannot  be  attri- 
buted to  diemioil  action ;  for  the  quantity  of  each  gas,  which  is  absorbed, 
boara  no  relation  whatever  to  its  affinity  for  charoML  The  effiict  ia  in 
reality  owiog  to  the  peculiar  poroua  texture  of  tliat  substance,  which  enables 
it,  in  common  with  most  spongy  bodies,  to  abaorb  more  or  less  of  all.gaaes, 
vapours,  and  Uqnida  with  which  it  is  in  contact  This  property  is  most  re- 
markable in  charcoal  prepared  from  wood,  especially  in  the  compact  varie- 
ties  of  it,  the  pores  of  which  are  numerous  and  amalL  It  is  materially  di- 
minishcd  by  reducing  the  charooal  to  powder ;  and  in  plumbago,  which  haa 
not  the  requisite  degree  of  porosity,  it  is  wanting  altogether. 

The  porous  texture  of  charcoal  accounts  for  we  fact  of  absorption  only ; 
ita  power  of  abaorbiuff  more  of  one  gas  than  of  anotlier,  must  be  explained 
on  a  different  princiiMie.  This  efifect,  though  modified  to  all  appearance  by 
the  influence  of  chemical  attraction,  seems  to  depend  chiefly  on  the  natural 
elastictty  of  the  ftmB,  Those  which  possess  such  a  great  degree  of  eUsti- 
eity  aa  to  have  hitherto  reaiated  all  attempta  to  oondenae  them  into  liquids, 
are  absorbed  in  the  smallest  propoition ;  while  those  that  admit  of  bein^  con. 
verted  into  liquids  by  compression,  are  abaorbed  more  freely.  For  thu  rea- 
aon,  charcoal  abaorba  vapours  mere  easily  than  gases,  and  liquids  than 
dther. 

BCeaan.  ABon  and  Pepya  determined  expertmentaUy  the  increaae  in  weight 
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experienoed  by  diflbrent  idods  of  charcoal,  recently  ij^nited,  after  a  week's 
exposure  to  the  atmosphere.  The  charcoal  from  fir  grained  13  per  cent;  that 
from  lignum  viUt,  9.6 ;  that  from  box,  14 ;  from  beech,  16^ ;  from  oak,  16.5; 
and  from  mahosraoy,  18.  The  absorption  is  most  rapid  during  the  first  24 
hoars.  The  substance  absorbed  is  botli  water  and  atmospheric  air,  which 
the  charcoal  retains  with  such  force,  that  it  cannot  be  completely  separated 
from  them  without  exposure  to  a  red  heat.  Vogel  has  observed  that  char- 
09al  absorbs  oxygen  in  a  much  greater  proportion  from  the  air  than  nitro- 
sen.  Thus,  when  receAtly  ignited  charcoal,  cooled  under  mercury,  was  pat 
mto  a  jar  of  atmospheric  air,  the  residue  contained  only  6  per  cent  of  oxy- 
gen  gas;  and  if  red-hot  charcoal  be  plunged  into  water,  and  then  introduced 
into  a  vessel  of  air,  the  oxygen  disappears  almost  entirely.  It  is  said  that 
pure  nitrogen  may  be  obtained  in  this  way.  (Schweiggcr*s  Journal,  iv.) 

Charoou  likewise  absorbs  tlie  odoriferous  and  colouring  principles  of 
most  animal  and  vegetable  substances.  When  coloured  infusions  of  this 
kind  are  digested  wiUi  a  due  quantity  of  charcoal,  a  solution  is  obtained, 
which  is  nearly  if  not  quite  colourless.  Tainted  flesh  may  be  deprived  of  its 
odour  by  this  means,  and  foul  water  be  purified  by  filtration  through  char- 
ooaL  The  substance  commonly  employed  to  decolorize  fluids  is  animal 
charcoal  reduced  to  a  fine  powder.  It  loses  the  property  of  absorbing  co> 
looring  matters  by  use,  but  recovers  it  by  being  heated  to  redness. 

Charcoal  is  highly  combustible.  When  strongly  heated  in  the  open  air,  it 
takes  fire,  and  burns  slowly.  In  oxygen  gas,  its  combustion  is  lively,  and 
accompanied  with  the  emission  of  sparks.  In  both  cases  it  is  consumed 
without  flame,  smoke,  or  residue,  if  quite  pure ;  and  carbonic  acid  gas  is 
the  product  of  its  combustion. 

The  pure  inflammable  principle,  which  is  the  characteristic  ingredient  of 
all  kinds  of  charcoal,  is  called  carbon.  In  coke  it  is  in  a  ver^  impure  form. 
Wood-charcoal  contains  about  l-50th  of  its  weight  of  alkahne  and  earthy 
■alts,  which  constitute  the  ashes  when  this  species  of  charcoal  is  burned.  In 
plumbago,  the  carbon  is  thought  to  be  combined  with  a  small  portion  of  me- 
tallic iron.  Charcoal  derived  firom  spirit  of  wine  is  almost  quite  pure ;  and 
the  diamond  is  carbon  in  a  state  of  absolute  purity. 

The  diamond  is  the  hardest  substance  in  nature.  Its  texture  is  crystalline 
in  a  high  degree,  and  its  cleavage  very  perfect  Its  primary  form  is  the  oc- 
tohedron.  Its  specific  gravity  is  3.520.  Acids  and  alkalies  do  not  act  upon 
it ;  and  it  bears  the  most  intense  heat  in  close  vessels  without  fusing  or  un- 
dergoing any  perceptible  chanjre.  Heated  to  redness  in  the  open  air,  it  is 
entirely  consumed.  Newton  first  suspected  it  to  be  combustible  from  its 
great  refracting  power,  a  conjecture  which  was  rendered  probable  by  the  ex- 
periments of  Uie  Florentine  academicians  in.  1694,  and  subsequently  con- 
firmed by  several  philosophers.  Lavoisier  first  proved  it  to  contain  carbon 
by  throwing  the  sun*B  rays,  concentrated  by  a  powerful  lens,  upon  a  dia- 
mond contained  in  a  vessel  of  oxygen  gas.  The  diamond  was  consumed 
entirely,  oxygen  disappeared,  and  carbsnic  acid  was  generated.  It  has  since 
been  demonstrated  by  the  researches  of  Guyton-Morveau,  Smithson  Ten- 
nant,  Allen  and  Pepys,  and  Davy,  that  carbonic  acid  is  the  product  of  its 
oombastion.  Guyton-Morveau  inferred  from  his  experiments  that  the  dia- 
mond is  pure  carbon,  and  that  charcoal  is  an  oxide  of  carbon.  Tennant 
burned  diamonds  by  heating  them  with  nitre  in  a  gold  tube ;  and  compar- 
ing his  own  results  with  those  of  Lavoisier  on  the  combustion  of  charcoal, 
he  concluded  that  equal  weights  of  diamond  and  pure  charcoal,  in  combin- 
ing with  oxygen,  yield  precisely  equal  quantities  of  carbonic  acid.  He  was 
thus  induced  to  adopt  the  opinion,  that  charcoal  and  the  diamond  are  che- 
mically the  same  substance ;  and  that  the  diflerenoe  in  their  physical  cha- 
racter is  solely  dependent  on  a  difference  of  aggregation.*  This  oonclosion 
was  oenfirmed  by  the  experiments  of  Allen  and  Pepys,t  and  Davy,!  who 

•  FhUos.  Trans,  for  1797.  t  Ibid.  1807.  t  Ibid.  1814. 
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eomptfed  the  prodact  of  the  oombmtioii  of  the  di«mond  with  that  derived 
from  difierent  kinds  of  cbarooal.  The  latter  chemist  did  indeed  observe  the 
prodoction  of  a  minute  quantity  of  water  during  the  combustion  of  the 
purest  charcoal,  indicative  of  a  trace  of  hydrogen ;  but  its  quantity  is  so 
small,  that  it  cannot  be  regarded  as  a  necessary  constituent  It  proves  only 
that  a  trace  of  hydrogen  is  retained  by  charcoal  with  such  force,  that  it  can. 
not  be  expelled  by  the  temperature  of  ignition. 

Chemists  are  agreed  that  carbonic  acid  is  a  compound  of  one  equivalent 
of  carbon  and  two  equivalents  of  oxygen,  and  that  carbonic  acid  gas  con- 
tains its  own  volume  of  oxygen.  Hence  the  dilierence  of  the  densities  of 
carbonic  acid  and  oxygen  (1.5239 — 1.1024),  or  0.4315  is  the  quantity  of 
carbon  united  with  1.1024  of  oxygen,  being  the  ratio  of  6.12  to  16.  Dr, 
Thomson,  on  the  same  principles  but  different  facts,  considers  6  as  the  true 
equivalent ;  bat  the  composition  of  vegetable  compounds  attests  that  6.12  ie 
more  nearly  correct  than  6,  though  tho  latter  is  often  a  sufficient  approxima* 
tion.  The  hypothetical  density  of  the  vapour  of  carbon,  calculated  as  ex- 
plained at  page  147,  is  0.4215,  and  100  cubic  inches  of  it  should  weigh 
13.0714  grains. 

The  composition  of  the  compounds  of  carbon  described  in  this  section  is 


Carbon.  Oxygen.  Equiv.      Formnle. 

Carbonic  oxide        6.12  or  1  eq.    +    8  or  1  eq.  s  14.12    C+  O  or  C. 

Carbonic  acid         6.12  or  1  eq.    +  ^^  or  2  eq.  s  22.12     C4.2O  or  C. 

Girbooic  oxide  gas  is  theoretically  considered  as  a  componnd  of  100  mea- 
snre^  of  the  vapour  of  carbon  and  50  of  oxygen  condensed  into  100  measures ; 
and  carbonic  acid  |ras,  of  100  measures  of  the  vapour  of  carbon  and  100  of 
oxygsn  condensed  uto  100  measures. 

CARBONIC  ACW. 

Carbonie  acid  was  discovered  by  Dr.  Black  in  1757,  and  described  by  him 
in  hb  inaugural  disKrtation  on  magnesia  under  the  name  o£  fixed  air.  Me 
observed  the  existence  of  this  pas  m  common  limestone  and  magnesia,  and 
Ibond  that  it  may  be  expelled  from  these  substances  by  the  action  of  heat  or 
adds.  He  also  remarked  that  the  same  gas  is  formed  during  respiration, 
fermentation,  and  combustion.  Its  composition  was  first  demonstrated 
synthetically  by  Lavoisier,  who  burned  carbon  in  oxygen  gas,  and  obtained 
carbonic  acid  as  the  product  The  same  experiment  has  been  repeated  by 
Davy,  Allen  and  Pepys,  and  others,  with  the  result  that  in  the  combustion 
of  diamond  or  other  pure  carbonaceous  matter,  the  oxygen  undefffoes  no 
change  of  volume,  or  in  other  words  that  carbonic  acid  gas  contains  its  own 
vdoroe  of  oxygen.  Smithson  Tennant  illustrated  its  nature  analytically  by 
passing  the  vapour  of  phosphorus  over  chalk,  or  carbonate  of  lime  heated  to 
redness  in  a  glass  tube.  The  phosphorus  took  oxygen  from  the  carbonic 
acid,  charcoal  in  the  form  of  a  light  black  powder  was  deposited,  and  the 
phosphoric  acid,  which  was  formed,  united  with  the  lime. 

Carbonic  acid  is  most  conveniently  prepared  for  the  purposes  of  experi- 
ment by  the  action  of  hydrocliloric  acid,  diluted  with  two  or  three  times  its 
weight  of  water,  on  fragments  of  marble,  when  the  hydrochloric  add  takes 
the  Time,  and  carbonic  acid  gas  escapes  with  effervescence. 

Carbonic  add,  as  thus  procured,  is  a  ooloorlera,  inodorous,  elastic  fluid, 
which  possesses  all  the  physical  characters  of  the  gases  in  an  eminent 
dapee,  and  requires  a  pressure  of  thirty-six  atmospheres  to  condense  it  into 
a  Squid.  The  exact  knowledge  of  \i^  density  is  still  an  important  desidera- 
torn:  it  is  estimated  at  1.524  by  Dulong  and  Berxelius,  and  at  1.5277  by 
Dr.  Thomson.  (First  Principles,  i.  143.)  According  to  the  estimate  of  the 
former,  which  I  have  adopted,  100  cubic  inches  should  weigh  47.26  grains. 

Carbonic  acid  extinguishes  burning  substances  of  all  kinds,  and  the  com- 
I  does  not  oeaae  from  theVant  of  oxygen  only.    It  exerts  a  posiUve 
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infloeiiee  in  dieokiiig  oombiutioii,  u  appeurt  from  the  Act,  thmt  a  oandk 
cannot  born  ia  a  gaaeoot  miztora  compowd  of  four  measures  of  atmospheric 
air  and  one  of  carbonic  acid. 

It  is  not  better  qualified  to  snpport  the  respiration  of  animals ;  for  its  pre- 
sence, even  in  mMerate  proportion,  is  soon  AtaL  An  animal  cannot  live  in 
air  which  contains  sofficient  carbonic  acid  for  fotinguishinir  a  lighted 
candle ;  and  hence  the  practical  rule  of  letting  down  a  burning  taper  into 
old  wells  or  pits  before  any  one  ventures  to  descend.  If  the  light  is  extin- 
guished, the  air  is  certainly  impure ;  and  there  is  generally  thought  to  be 
no  danger,  if  the  candle  continues  to  burn.  But  some  instsnces  have  been 
known  of  the  atmosphere  being  sufficiently  loaded  with  carbonic  add  to 
produce  insensibility,  and  yet  not  so  impure  as  to  extinguish  a  burning  can- 
dle. (Christison  on  Poiaons,  9nd  Ed.  707.)  When  an  attempt  is  made  to 
inspire  pure  carbonic  acid,  violent  spasm  of  the  glottis  takes  place,  which 
prevents  the  gas  from  entering  the  lungs.  If  it  be  so  much  diluted  with 
air  as  to  admit  of  its  passing  the  glottis,  it  then  acts  as  a  narcotic  poison  on 
the  system.  It  is  this  gas  which  has  often  proved  destructive  to  persons 
steepmg  in  a  confined  room  with  a  pan  of  burning  charcoal. 

Carbonic  acid  is  quite  incombustible,  and  cannot  be  made  to  unite  with  an 
additional  portion  of  oxygen.  It  is  a  compound,  therefore,  in  which  carbon 
is  in  its  highest  degree  of  oxidation. 

Lime-water  becomes  turbid  when  brought  into  contact  with  carbonic 
add.  The  lime  unites  witli  the  gas,  forming  carbonate  of  Ume,  which,  fhmi 
its  insolubility  in  water,  at  first  renders  the  solution  milky,  and  afterwards 
forms  a  white  flaky  precipitate.  Hence  lime-water  is  not  only  a  valuable 
tost  of  the  presence  of  carbonic  add,  but  is  frequently  used  to  withdraw  it 
altogether  from  any  gaseous  mixture  that  contains  it 

Carbonic  acid  is  absorbed  by  water.  This  may  easily  be  demonstrated 
by  agitating  the  gas  with  that  liquid,  or  by  leaving  a  jar  full  of  it  inverted 
over  water.  In  Sic  first  case  the  gas  disappears  in  the  course  of  a  minute ; 
and  in  the  latter  it  is  gradually  absorbed.  Recently  boiled  water  dissolves 
its  own  volume  of  carbonic  acid  at  the  common  temperature  and  pressure ; 
but  it  will  take  up  much  more  if  the  pressure  be  increased.  The  quantity 
of  the  gas  absorbed  is  in  exact  ratio  with  the  compressing  force ;  that  is, 
water  dissolves  twice  its  volume  when  the  pressure  is  doubled,  and  three 
times  its  volume  when  the  pressure  is  trebled. 

A  saturated  solution  of  carbonic  acid  may  be  made  by  transmitting  a 
stream  of  the  gas  through  a  vessel  of  cold  water  during  the  space  of  half  an 
hour,  or  still  better  by  the  use  of  a  Woulfe^s  bottle  or  Kooth*s  apparatus,  so 
as  to  aid  the  absorption  by  pressure.  Water  and  other  liquids  which  have 
been  charged  with  carbonic  acid  under  great  pressure,  lose  tlie  greater  part 
of  the  gas  when  the  pressure  is  removed.  The  eflTervescence  which  takes 
place  on  opening  a  bottle  of  ginger  beer,  cider,  or  brisk  champaign,  is  owing 
to  the  escape  of  carbonic  acid  gas.  Water,  which  is  fully  saturated  witn 
carbonic  acid  gas,  sparkles  when  if  is  poured  from  one  vessel  into  another. 
The  solution  has  an  agreeably  acidulous  taste,  and  gives  to  litmus  papter  a 
red  stain  which  is  lost  on  exposure  to  the  air.  On  the  addition  of  lime- 
water  to  it,  a  cloudiness  is  produced,  which  at  first  disappears,  because  the 
carbonate  of  lime  is  soluble  in  excess  of  carbonic  acid ;  but  a  permanent 
precipitate  ensues  when  the  free  acid  is  neutralised  by  an  additional  quan- 
tity of  lime-water.  The  water  which  contains  carbonic  acid  in  solution  is 
wholly  deprived  of  the  gas  by  boiling.  Removal  of  pressure  from  its  surfiwe 
by  means  of  the  air-pump  has  a  similar  efiect 

The  agreeable  pungency  of  beer,  porter,  and  ale,  is  in  a  great  measure 
owing  to  the  presence  of  carbonic  acid ;  by  the  loss  of  which,  on  exposure  to 
the  air,  they  become  stale.  All  kinds  of  spring  and  well-water  oontain 
carbonic  add  absorbed  from  the  atmosphere,  and  to  which  they  are  partly 
indebted  for  their  pleasant  flavour.  Boued  water  has  an  insipid  taste  from 
the  absence  of  carbonic  add. 

Carbonic  acid  is  always  present  in  the  atmosphere,  even  at  the  summit 
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of  the  higliest  nKmntains,  or  at «  distance  of  several  thovsand  feet  abore  the 
ground.  Its  presence  may  be  demonstrated  by  exposingf  lime-water  in  an 
open  vessel  to  the  air,  when  its  surface  will  soon  be  covered  with  a  pelUde, 
which  is  carbonate  of  lime.  The  orig^in  of  the  carbonic  acid  is  obvioos. 
Besides  being  formed  abundantly  by  the  combustion  of  all  substances  which 
oontain  carbon,  the  respiration  of  animals  is  a  fruitful  source  of  it,  as  may  be 
proived  by  breathing  for  a  few  minutes  into  lime-water;  and  it  is  also  generated 
in  en  the  spontaneous  changes  to  which  dead  animal  and  vegetable  matters 
ere  subject  The  carbonic  acid  proceeding  from  such  sources,  is  commonly 
diffused  equably  through  the  air ;  but  when  any  of  these  processes  occur  in 
low  confined  situations,  as  at  the  bottom  of  old  wells,  the  gas  is  then  apt  to 
eecumulate  there,  and  form  an  atmosphere  called  ehokt  damp,  which  is  fktal 
to  any  animals  that  are  placed  in  it.  These  accumulations  happily  never 
take  place,  except  when  there  is  some  local  orif^in  for  the  carbonic  acid ;  as, 
for  example,  when  it  is  generated  by  fermentative  processes  going  on  at  the 
■ur&ce  of  the  ground,  or  when  it  issues  directly  from  the  earth,  as  happens 
et  the  Grotfo  &\  Cane  in  Italy,  and  at  Pyrmont  in  Westphalia.  There  is 
no  real  foundation  for  the  opinion  that  carbonic  acid  can  separate  itself  from 
the  mat  mass  of  the  atmosphere,  and  accumulate  in  a  low  situation  merely 
by  the  force  of  gravity.  Such  a  supposition  is  contrary  to  the  wel].known 
tendency  of  gases  to  diffuse  themselves  equally  through  each  other.  It  is 
also  contradicted  by  observation ;  for  many  deep  pits,  which  are  free  from 
patrefying  organic  remains,  though  otherwise  favourably  situated  for  such 
accumulations,  contain  pure  atmospheric  air. 

Though  carbonic  acid  is  the  product  of  many  natural  operations,  chemists 
have  not  hitherto  noticed  any  increase  in  the  quantity  contained  in  the 
atmosphere.  The  only  known  process  which  tends  to  prevent  increase  in 
its  proportion;  is  that  of  vegetation.  Growing  plants  purify  the  air  by 
withdrawing  carbonic  acid,  and  yielding  an  equal  volume  of  pure  oxygen  in 
return ;  but  whether  a  full  compensation  is  produced  by  this  cause,  has  not 
yet  been  satisfactorily  determined. 

Carbonic  acid  is  contained  in  the  earth.  Many  mineral  springs,  such  as 
those  of  Tonbrid^,  Pyrmont,  and  Carlsbad,*  are  highly  charged  with  it 
In  combination  with  lime  it  forms  extensive  masses  of  rock,  which  geolo- 
gists have  found  to  occur  in  all  countries,  and  in  every  formation. 

Carbonic  acid  unites  with  alkaline  substances,  and  the  salts  so  constituted 
are  called  earbonateg.  Its  acid  properties  are  feeble,  so  that  it  is  unable  to 
neutralize  completely  the  alkaline  properties  of  potassa,  soda,  and  lithia. 
For  the  same  reason,  all  the  carbonates,  without  exception,  are  decomposed 
bw  the  hydrochloric  and  all  the  stronger  acids,  when  carbonic  acid  is  dis- 
placed,  and  escapes  in  the  form  of  gas. 

CARBONIC  OXIDE  GAS. 

When  two  parts  of  well-dried  chalk  and  one  of  pure  iron  filings  are  mix- 
ed  together,  and  exposed  in  a  gun  barrel  to  a  red  heat,  a  large  quantity  of 
aeriform  matter  is  evolved,  which  may  be  collected  over  water.  On  exami- 
nation, it  is  found  to  contain  two  compounds  of  carbon  and  oxygen,  one  of 
which  is  carbonic  acid,  and  the  other  earbonie  oxide.  By  washing  the 
mixed  gases  with  lime-water,  the  carbonic  acid  is  absorbed,  and  carDonic 
oodde  gas  is  left  in  a  state  of  purity.  A  very  elegant  mode  of  preparing 
carbonic  oxide  has  been  suggested  by  Dumas.  (Ed.  Journal  of  Science,  vi. 
350.)  The  process  consists' m  mixing  binoxalate  of  potassa  with  five  or  six 
times  its  weight  of  concentrated  sulphuric  acid,  and  heating  the  mixture  in 
a  retort  or  other  convenient  glass  vessel.  Efiervescence  soon  ensnes,  owing 
to  the  escape  of  gas,  consisting  of  equal  measures  of  carbonic  acid  and  car- 
booie  oxide  gases ;  and  on  absorbing  the  former  by  an  alkaline  solution,  the 
latter  is  lef^  in  a  state  of  perfect  purity.  To  comprehend  the  theory  of  the 
process  it  is  necessary  to  premise,  that  oxalic  acid  is  a  oompoond  of  equal 
I  of  carbonic  acid  and  carbonic  oxide,  or  at  least  its  elements  are  m 
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the  proportioii  to  fenn  these  gases;  and  that  it  cannot  exist  unless  in  oom. 
bmation  with  water  or  some  other  sabstanoe.  Now  the  salphurio  aoid 
unites  both  with  the  potassa  and  water  of  the  binozalate,  and  the  oxalic  acid 
facing  thus  set  free,  is  instantly  decomposed.  Oxalic  aoid  may  be  substituted 
in  this  process  for  binoxalate  of  potassa. 

Priestley  discovered  this  gas  by  igniting  chalk  in  a  gun-barrel,  and  after- 
wards  obtained  it  in  greater  quantity  from  chaUi  and  iron  filings.  He  bu|>- 
posed  it  to  be  a  mixture  of  hydrogen  and  carbonic  acid  gases.  Its  real 
nature  was  pointed  out  by  Mr.  Cruickshank,*  and  about  the  same  time  by 
Clement  and  De8orme8.t 

Carbonic  oxide  gas  is  colourless  and  insipid.  It  does  not  affect  the  blue 
colour  of  ▼egetables  in  any  way ;  nor  does  it  combine,  like  carbonic  acid, 
with  lime  or  any  of  the  pure  alkalies.  It  is  very  sparingly  dissolved  by 
water.  Lime-water  does  not  absorb  it,  nor  is  its  transparency  affected 
by  it. 

Carbonic  oxide  is  inflammable.  When  a  lighted  taper  is  plunged  into  a 
jar  fiill  of  that  sras,  the  taper  is  extinguished ;  but  the  gas  itself  is  set  on  fire, 
and  burns  calnuy  at  its  sur&ce  with  a  lambent  bine  name.  The  sole  pn^ 
duct  of  its  combustion,  when  the  ^BM  is  onite  pure,  is  carbonic  add,  a  fact 
which  proves  that  it  does  not  contain  any  nydrogen. 

Carbonic  oxide  gas  cannot  support  respiration.  It  acts  injuriously  on  the 
system;  for  if  diluted  with  air,  and  taken  into  the  lungs,  it  very  soon  occa- 
sions  headach  and  other  unpleasant  feelings ;  and  when  breathed  pore,  it 
almost  instantly  causes  profound  coma. 

A  mixture  of  carbonic  oxide  and  oxygen  gases  ma^  be  made  to  explode 
hj  flame,  by  a  red-hot  solid  body,  or  by  the  electric  spark.  If  they  are 
mixed  together  in  the  ratio  of  100  measures  of  carbonic  oxide  and  rather 
more  than  50  of  oxygen,  and  the  mixture  is  inflamed  in  Volta*s  eudiometer 
by  electricity,  so  as  to  collect  the  product  of  the  combusUon,  the  whole  of 
the  carbonic  oxide,  together  with  50  measures  of  oxygen,  disappears,  and 
100  measures  of  carbonic  acid  gas  occupy  their  place.  From  this  fact,  first 
ascertained  by  Berthollet,  and  since  confirmed  by  subsequent  observation,  it 
fallows  that  carbonic  oxide  contains  half  as  much  oxygen,  and  as  much  car- 
bon, as  carbonic  acid.  Accordingly  its  density  should  be  0.4315  (sp.  pj.  of 
carbon  vapour)  +0.5512  (half  the  sp.  gr.  of  oxygen  gas)  ss03727,  which  is 
the  number  found  experimentally  by  Dulong  and  Berxelius.  Hence  100 
cubic  inches  should  weigh  30.1fii50  grains. 

The  first  process  mentioned  for  generating  carbonic  oxide  will  now  be  in* 
telligible.  The  principle  of  the  method  is  to  bring  carbonic  acid  at  a  red  heat 
in  contact  with  some  substance  which  has  a  strong  affinity  for  oxygen. 
This  condition  is  fulfilled  by  igniting  chalk,  or  any  carbonate  which  can 
bear  a  red  heat  without  decomposition,  such  as  the  carbonate  of  baryta, 
strontia,  soda,  potassa,  or  litbia,  with  half  its  weight  of  iron  filings  or  char- 
coal.  The  carbonate  is  redu<»d  to  the  caustic  state,  and  its  carbonic  acid 
is  converted  into  carbonic  oxide  by  yielding  oxygen  to  the  iron  or  cbareoal. 
When  the  former  Is  used,  oxide  of  iron  is  the  product ;  when  charcoal  is 
employed,  the  charcoal  itself  is  oxidized,  and  yields  carbonic  oxide.  This 
gas  may  likewise  be  p^nerated  by  heating  to  redness  a  mixture  of  almoai 
anjr  metallic  oxide  with  one-sixtfi  of  its  weight  of  eharooal  powder.  The 
oxides  of  zinc,  iron,  and  copper  are  the  cheapest  and  most  convenient  It 
may  also  be  formed  by  transmitting  a  current  of  carbonic  aoid  gas  oyer 
ignited  charooaL  In  all  these  prooesses,  it  is  essential  that  the  ingredients 
be  quite  free  fi'om  moisture  and  hydrogen,  otherwise  some  earburetted  hy* 
drogen  gas  would  be  generated.  The  product  should  always  be  washed 
with  firoe-^ter  to  separate  it  from  carbonic  aeid. 

Dr.  Henry  has  ascertained  that  when  a  suceessioB  of  electric  sparitt  is 

*  Nicholson's  Journal,  4ta  Bd.  vol  v.    f  Annales  de  Chimie,  yoL  zxxix. 
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jmamed  thraogfli  carbonic  acid  canfiaed  over  mercury,  a  portion  of  that  m 
IS  eonvarted  into  carbonic  oxide  and  oxygen.  When  a  mixture  of  hy£o- 
ren  and  carbonic  acid  gaaea  is  electrified,  a  portion  of  the  latter  yielda  one- 
half  of  its  oxygen  to  the  former ;  water  is  generated,  and  carbonic  oxide 
prodneed.  On  electrifying  a  mixtore  of  eqoal  measures  of  carbonic  oxide 
and  protoxide, of  nitrogen,  both  gases  are  decompoaed  without  change  of 
volnme,  and  the  residue  oonsisti  of  equal  measures  of  carbonic  acid  and 
nitrogen  gaaea.  The  carbonic  oxide  abould  be  in  wery  slight  excess,  in  order 
to  ensure  the  success  of  the  experiment  On  this  Act  is  founded  Dr. 
Henry's  method  of  analyzing  protoxide  of  nitrogen,  and  testing  its  purity, 
mm  wiO  be  more  particularly  mentioned  in  the  fourth  part  of  the  work. 


SECTION  VII. 

SULPHUR. 

SuuBua  occurs  as  a  mineral  production  in  some  parts  of  the  earth,  parti- 
cularly in  the  neighbourhood  of  volcanoes,  as  in  Italy  and  Sicily.  It  m 
commonly  fimnd  in  a  massive  state ;  but  it  is  stmietimes  met  with  crystal- 
lized in  the  form  of  an  oblique  rhombic  octohedron.  It  exists  much  more 
abundantly  in  combination  with  several  metals,  such  as  silver,  copper,  anti- 
mony, lead,  and  iron.  It  is  procured  in  large  quantity  by  exposing  iron 
pyrites  to  a  red  heat  in  dose  vessels. 

Sulphur  is  a  brittle  solid  of  a  greenish-^ellow  colour,  emits  a  peculiar 
odour  when  rubbed,  and  has  little  taste.  It  is  a  non-conductor  of  electricity, 
and  is  excited  neeattvely  by  friction.  Its  specific  gravity  is  1.99.  Its  point 
of  fusion  is  216°  F ;  between  230^  and  280°  it  possesses  the  highest  degree 
of  fluidity,  is  then  of  an  amber  colour,  and  if  cast  into  cylindrical  moulds, 
forms  the  common  roll  sulphur  of  commerce.  It  begins  to  thicken  near 
320°,  and  acquires  a  reddish  tint;  and  at  temperatures  between  428^  and 
482°,  it  is  so  tenacious  that  the  vessel  may  be  inverted  without  causing  it  to 
diange  ita  place.  From  482°  to  its  boiling  point  it  again  becomes  liquid, 
but  never  to  the  same  extent  as  when  at  248°.  When  heated  to  at  least 
428^,  and  then  poured  into  water,  it  becomes  a  ductile  mass,  which  may  be 
used  for  taking  the  impression  of  seals.  (Dumas.) 

Fused  sulphur  has  a  tendency  to  crystallize  in  cooling.  A  crystalline 
arrangement  is  perceptible  in  the  centre  of  common  roll  sulphur ;  and  by 
good  management  regular  crystals  may  be  obtained.  For  this  purpose 
several  pounds  of  sulphur  should  be  melted  in  an  earthen  crucible ;  and 
when  partially  cooled,  the  outer  solid  crust  should  be  pierced,  and  the 
crucible  quickly  inverted,  so  that  the  inner  and  as  yet  fluid  parts  may  gra- 
dually flow  out  On  breaking  the  solid  mass,  when  quite  cold,  crystals  of 
sulphur  will  be  found  in  its  interior. 

Sulphur  is  very  volatile.  It  begins  to  rise  slowly  in  vapour  even  before 
it  is  comi^etely  fused.  At  550°  or  600°  F.  it  volatilizes  rapidly,  and  con- 
denses  again  unchanged  in  close  vessels.  Common  sulphur  is  purified  bv 
thb  process;  and  if  the  sublimation  be  conducted^ slowly,  the  sulphur  coi- 
leels  in  the  receiver  in  the  form  of  detached  crystalline  grains,  called  ^/fbteers 
sf  aulpkur.  In  this  state  however,  it  is  not  quite  pure;  for  the  oxjrgen  of 
the  air  within  the  apparatus  combines  with  a  portion  of  sulphur  during  the 
process,  and  forms  sulphurous  acid.  The  acid  may  be  removed  by  warning 
the  flowers  repeatedly  with  water. 

The  density  of  sulphur  vapour  was  found  by  Dumas  to  lie  between  6.51 
and  6.617*  and  by  Mitschertich  to  be  63  CAn.  de  Ch.  et  de  Ph.  It.  8.):  its 
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density  by  calculaUoo  (page  146)  is  6.6558.  Hence,  could  the  vapour  con* 
tinue  ai  such  at  GO^  F.  and  30  Bar^  100  cubic  inches  should  weigh  20&4076 
grains. 

Sulphur  is  insoluble  in  water,  but  unites  with  it  under  favourable  circum- 
stances, forming  the  white  hydrate  of  ttUphvr^*  termed  lac  sulpkuru.  It 
dissolves  readily  in  boiling  oil  of  turpentine.  The  solution  has  a  reddish- 
brown  colour  like  melted  sulphur,  and  if  fully  saturated  deposites  numerous 
small  crystals  in  cooling.  Sulphur  is  also  soluble  in  alcohol,  if  both  sub- 
stances  are  brought  togcUier  in  the  form  of  vapour.  The  sulphur  is  precipi^ 
tated  from  the  solution  by  the  addition  of  water. 

Sulphur,  like  charcoal,  retains  a  portion  of  lyydrogen  so  obstinately  that 
It  cannot  be  wholly  freed  from  it  either  by  fusion  or  sublimation.  Sir  IL 
Davy  detected  its  presence  by  exposing  sulphur  to  the  strong  heat  of  a  pow- 
erful  galvanic  battery,  when  some  hydrosulphuric  acid  gas  was  disen^ged. 
The  hydrogen,  from  its  minute  quantity,  can  only  be  regarded  in  the  light  of 
an  accidental  impurity,  and  as  in  no  wise  essential  to  the  nature  of  sulphur. 

When  sulphur  is  heated  in  the  open  air  to  300°  or  a  little  higher,  it  kin- 
dles spontan^usly,  and  burns  with  a  faint  blue  lisht  In  oxygen  gas  its 
combustion  is  far  more  vivid ;  the  flame  is  much  larger,  and  of  a  bluish- 
white  colour.  Sulphurous  acid  is  the  product  in  both  instances  ; — no  sul- 
phuric acid  is  formed  even  in  oxygen  ras  unless  moisture  be  present 

The  oxygen  in  the  oxide  and  acid  of  neutral  sulphates  is  in  the  ratio  of  1 
to  3 ;  so  that  when  the  composition  of  a  metallic  oxide,  and  the  quantity  of 
acid  by  which  it  is  neutralized  are  known,  the  equivalent  of  sulphur  ma^  be 
calculated.  On  this  principle  has  Benelius  inferred,  from  the  composition 
of  sulphate  of  the  oxide  of  lead,  that  the  equivalent  of  sulphur  is  16.12;  and 
the  number  which  I  have  obtained  in  the  same  way  from  the  same  salt  and 
from  sulphate  of  baryta,  is  16.09.  As  a  mean  of  these  results,  16.1  may  be 
taken  as  the  equivalent  of  sulphur.  The  number  16,  adopted  in  this  country, 
is,  therefore,  for  manj  purposes  a  sufficient  approximation. 

The  compounds  of  sulphur  described  in  this  section  are  composed  as  fol- 
lows : — 

Sulphur.  Oxygen.      Equiv.      Formuls. 

Sulphurous  acid  16.1  or  1  eq.  -f  16  or  2  eq.  s  32.1    .  S4-20  or  S 

Sulphuric  acid  16.1  or  1  eq.  4-24  or  3  eq.  =  40.1       S-|-30  or  3' 

Hyposulf^urons  acid    32.2  or  2  eq.  -f- 16  or  2  eq.  »=  4a2    2S4-20  or  S 

Hyposulphuric  acid      32.2  or  2  eq.  +  40  or  5  eq.  es  72i2    2S<f  50  or  S 

Taking  16.66  as  the  combining  volume  of  the  vapour  of  sulphur,  the 
weight  of  which  is  represented  by  1.1093  (page  149),  these  compounds  by 
measure  are  thus  constituted : — 

Sulph.      Oxy.  Cond.inta  Densities. 

Sulphurous  acid  16.66  -f  100  100  1.1093+1.1024^=2.2117 

Sulphuric  acid  16.66  4-150  100  1.1093+ 1.653&=:2.7639 

Hyposulphurous  acid  33.33  -(-100  unknown. 

Hyposulphuric  acid     33.33  4-250  unknown. 

SULPHUROUS  ACID  GAS. 

Pore  sulphurous  acid,  at  the  common  temperature  and  pressure,  is  a  co- 
lourless transparent  gas,  which  was  first  obtained  in  a  separate  state  by 
Priestley.    It  is  the  sole  product  when  sulphur  is  burned  in  air  or  dry  oxy- 

*  Benelius  asserts,  that  the  lac  sulphoris  is  not  a  hydrate,  but  sulphur 
united  with  a  minute  portion  of  hydrogen. — EtL 
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I  gnm,  tnd  \»  the  cause  of  the  peculiar  odour  emitted  by  that  lubstanoe 

ring  its  combustion.  It  may  also  be  prepared  by  depriving  solphuric  acid 
of  one  equivalent  of  its  oxygen,  which  may  be  done  in  several  ways.  If 
chips  of  wood,  straw,  cork,  oil,  or  other  vegetable  matters,  be  heated  in 
strong  solphuric  acid,  the  carbon  and  hydrogen  of  those  substances  deprive 
the  acid  of  part  of  its  oxygen,  and  convert  it  into  sulphurous  acid.  Nearly 
all  the  metals,  with  the  aid  of  heat,  have  a  tfimilar  effect.  One  portion  of  sul- 
phuric add  yields  oxygen  to  tlie  metal,  and  is  thereby  converted  into  sul- 
phurous acid;  while  the  metallic  oxide^  at  the  moment  of  its  formation, 
unites  with  some  of  the  undeoomposed  sulphuric  acid.  The  best  method  of 
obtaining  pure  sulphurous  acid  gas,  is  by  putting  two  parts  of  mercury  and 
three  of  sulphuric  acid  into  a  glass  retort,  the  beak  of  .which  is  received 
under  mercury,  and  heating  the  mixture  by  an  Argand  lamp.  Effervescence 
Boon  takes  place,  a  large  quantity  of  pure  sulphurous  acid  is  disengaged,  and 
mUphateof  an  oxide  of  mercury  remains  in  the  retort. 

Sulphurous  acid  gas  is  distingruishcd  from  all  other  gaseous  fluids  by  its 
sufibcating  pun^nt  odour.  All  burning  bodies,  when  immersed  in  it,  are 
eztingttiaiMd  without  setting  fire  to  the  gas  itself.  It  is  fatal  to  all  animals 
which  are  placed  in  it.  A  violent  spasm  of  the  glottis  takes  place,  by  which 
the  entrance  of  the  gas  into  the  lungs  is  prevented ;  and  even  when  diluted 
with  air,  it  excites  cough,  and  causes  a  peculiar  uneasiness  about  the  chest. 

Recently  boiled  water  diasolvcs  about  33  times  its  volume  of  sulphurous 
add  at  6QP  F.  and  30  inches  uf  the  barometer,  forming  a  solution  which 
has  the  peculiar  odour  of  that  compound,  and  from  which  the  gas,  unchanged 
in  its  properties,  may  be  expelled  by  ebullition. 

Sulphurous  acid  has  considerable  bleaching  properties.  It  reddens  litmus 
paper,  and  then  slowly  bleaches  it  Most  vegetable  colouring  matters,  such 
as  those  of  the  rose  and  violet,  arc  speedily  removed,  without  being  first  red- 
dened. It  is  remarkable  that  the  colouring  principle  is  not  destroyed ;  for  it 
nuLj  be  restored  dther  by  a  stronger  acid  or  by  an  alkali. 

Sir  H.  Davy  inferred  from  bis  experiments  on  the  combustion  of  sulphur 
in  dry  oxygen  gas,  (Elements,  p.  273,)  that  the  volume  of  the  oxygen  is  not 
altered  during  the  process,  or  that  sulphurous  acid  gas  contains  its  own  vo- 
lume of  oxygen,  a  conclusion  which  is  now  admitted ;  and,  therefore,  the 
difference  in  the  densities  of  these  gases  gives  the  quantity  of  combined  sul- 
phur. Adopting  2L2117  as  the  density  of  sulphurous  acid  gas,  then  2^117 — 
1.1024  (sp.  gr.  of  oxygen)  =  1.1093  as  the  sulphur  combined  with  1.1024  of 
oxygen;  now  1.1024  is  to  1.1093  as  16  to  16.1,  being  the  composition  al- 
rea^  given.  I  have  in  fact  selected  2J2117  as  the  density  of  sulphurous  add 
gas  on  aocount  of  this  coincidence,  seeing  that  the  density  as  found  by  ex- 
periment cannot  be  relied  on.*  Berzelius  makes  it  2i247,  and  Thomson 
2.222,  both  of  which  are  too  high,  if  the  density  of  oxygen  is  1.1024. 
Agreeably  to  this  view  100  cubic  inches  of  sulphurous  add  gas  should 
w^fa  6a5885  arrains. 

Inough  sulfmurous  acid  eannot  be  made  to  bum  by  the  approach  of 
flame,  it  has  a  very  strong  attraction  for  oxygen,  uniting  with  it  under  fa- 
voorable  circumstances,  and  forming  sulphuric  add.  The  presence  of 
mdsture  is  essential  to  this  change.  A  mixture  of  sulphurous  acid  and  oxy- 
ipen  gases,  if  quite  dry,  may  be  preserved  over  mercury  for  any  length  of 
time  without  chemical  action.  But  if  a  little  water  be  admitted,  the  sul- 
phurous add  gradually  unites  with  oxygen,  and  sulphuric  acid  is  generated. 
The  facility  with  which  this  change  ensues  is  such,  that  a  solution  of  suU 
pfaurous  acid  in  water  cannot  be  preserved,  except  atmospheric  air  be  care- 
flilly  exduded.  Many  of  the  chemical  properties  of  sulphurous  add  are 
owing  to  its  affinity  finr  oxygen.  When  mixed  with  peroxide  of  iron  in  so- 
lution, it  graduafly  deprives  that  compound  of  part  of  its  oxygen,  and  con- 
verts it  into  the  protoxide.  The  solutions  of  metals  which  have  a  weak  affi- 
atty  for  oxygen,  such  as  gdd,  platinum,  and  mercury,  are  completely 
deooBpoeed  by  it,  those  substances  being  precipitated  in  the  meUllic  form. 
Nitrie  add  ounveTta  it  instantly  into  suldiuric  add  by  yielding  some  of  its 
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oxygen.  Peroxide  of  muiganeae  caoses  a  similar  change,  and  is  itself  oon* 
verted  into  protoxide  of  manganese,  which  unites  with  the  resulting  sol- 
pbnric  acid. 

Sulphurous  acid  gas  may  be  passed  through  red-hot  tubes  without  decom- 
position. Several  substances  which  have  a  strong  affinity  for  oxygen,  such 
as  hydrogen,  carbon,  and  potassium^  decompose  it  at  Uie  temperature  of 
ignition. 

Of  all  the  gases,  sulphurous  acid  is  most  readily  liquefied  by  compression. 
According  to  Mr.  Faraday,  it  is  condensed  by  a  force  equal  to  the  pressure 
of  two  atmospheres.  M.  Bussy  (Annals  of  Phil.  viii.  307,  N.  S.)  has  ob- 
tained it  in  a  liquid  form  under  the  usual  atmospheric  pressure,  by  passing 
it  through  tubes  surrounded  by  a  freezing  mixture  of  snow  and  salt  The 
anhydrous  liquid  acid  has  a  density  of  1.45.  It  boils  at  14^  F. ;  and  from 
the  rapidity  of  its  evaporation  at  common  temperatures,  it  may  be  used  ad- 
vantageously for  producing  intense  cold.  Bussy  succeeded  in  freezing  mer- 
cury, and  liquefying  several  of  the  gases,  by  the  cold  produced  durmg  its 
evaporation.  De  la  Rive  states  it  to  be  a  non-conductor  of  electricity  ;  but 
Mr.  Kemp,  of  Edinburorb,  found  it  to  be  a  good  conductor.  The  former  adds, 
also,  that  when  exposed  to  cold  in  the  moist  state,  a  crystslline  solid  hydrate 
is  formed,  which  contains  20  per  cent  of  water,  and  probably  consists  of 
one  equivalent  of  the  acid  to  one  of  water. 

Sulphurous  acid  combines  with  metallic  oxides,  and  forms  salts  which  are 
called  suipAt/es,  which  are  decomposed  by  sulphuric  acid,  and  then  emit 
the  characteristic  odour  of  sulphurous  acid. 

SULPHURIC  ACID. 

Sulphuric  acid,  or  oil  of  vitriol  as  it  is  oflen  called,  was  discovered  by  Ba- 
sil Valentine  towards  the  close  of  the  15th  century.  It  is  procured  for  tlio 
purposes  of  commerce  by  two  methods.  One  of  these  has  been  long  pursued 
in  the  manufactory  at  Nordhausen  in  Germany,  and  consists  in  decompos- 
ing protosulpbate  of  iron  (green  vitriol)  by  heat  This  salt  contains  six  equiva- 
lents  of  water  of  crystallization ;  and  when  strongly  dried  by  the  fire,  it 
crumbles  down  into  a  white  powder,  which,  according  to  Dr.  Thomson, 
contains  one  equivalent  of  water.  On  exposing  this  dried  protosulpbate  to  a 
red  heat,  its  acid  is  wholly  expelled,  the  greater  part  passing  over  unchanged 
into  the  receiver,  in  combination  with  the  water  of  the  salt  Part  of  the 
acid,  however,  is  resolved  by  tlie  strong  heat  employed  in  the  distillation 
into  sulphurous  acid  and  oxygen.  The  former  escapes  as  gas  throughout  the 
whole  process ;  the  latter  only  in  the  middle  and  latter  stages,  since,  in  the 
beginning  of  the  distillation,  it  unites  with  the  protoxide  of  iron.  Peroxide 
of  iron  is  the  sole  residue. 

The  acid,  as  procured  by  this  process,  is  a  dense,  oily  liquid  of  a  brown- 
ish tint  It  emits  copious  white  vapours  on  exposure  to  the  air,  and  is  hence 
called  fuming  ndjAurie  acid.  Its  specific  gravity  is  stated  at  1.896  and 
1.90.  According  to  Dr.  Thomson  it  consists  of  80  parts  or  two  equiva- 
lents of  anhydrous  acid,  and  9  parts  or  one  equivalent  of  water. 

On  putting  this  acid  into  a  glass  retort,  to  which  a  receiver  surroonded 
by  snow  is  securely  adapted,  and  heating  it  gently,  a  transparent  colourless 
vapour  passes  over,  which  condenses  into  a  white  crvstalline  solid.  This 
subsUnoe  is  shown  by  the  experimenU  of  Thomson,  Ure,  and  Bussy,  to  be 
pure  anhydrous  sulphuric  acid.  It  is  tough  and  elastic;  liquefies  at  GGP  F. 
and  boils  at  a  temperature  between  104P  and  122^,  forming,  if  no  moisture 
is  present,  a  transparent  vapour.  Exposed  to  the  air,  it  unites  with  watery 
vjpour,  and  flies  off  in  the  form  of  dense  white  fumes.  The  residue  t>f  the 
distillation  is  no  longer  fuming,  and  is  in  every  respect  similar  to  the  com- 
mon  acid  of  commerce. 

The  other  process  for  fbrminsr  sulphuric  acid,  which  is  practised  in  Bri- 
tain  and  in  most  parts  of  the  Cxtntinent,  is  by  burning  sulphur  previously 
nixed  with  one.eighth  of  iti  weight  of  nitrate  of  potasss.    The  mixtore  is 
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burned  in  a  furnace  so  contriTcd  that  the  current  of  air,  which  rapports  the 
combustion,  conducts  the  ffasoous  products  into  a  large  leaden  chamber,  the 
bottom  of  which  is  covered  to  the  depth  of  several  inches  with  water.  The 
nitric  acid  yields  oxygen  to  a  portion  of  sulphur,  and  converts  it  into  sul- 
phuric acid,  which  combines  with  the  potassa  of  the  nitre;  while  the  greater 
part  of  the  sulphur  forms  sulphurous  acid  by  uniting  with  the  oxygen  of 
the  air.  The  nitric  acid,  in  losing  oxygen,  is  converted,  partly  perhaps  into 
nitrous  acid,  but  chiefly,  I  apprehend,  into  binoxide  of  nitrogen,  which,  by 
mixing  with  air  at  the  moment  of  its  separation,  ^ives  rise  to  the  red  nitrous 
acid  vapours.  The  gaseous  substances,  present  m  the  leaden  chamber,  are, 
therefore,  sulphurous  and  nitrous  acids,  atmospheric  air,  and  watery  va- 
ponr.  The  explanation  of  the  mode  in  which  these  substances  react  on  each 
other,  so  as  to  form  sulphuric  acid,  was  suggested  by  the  experiments  of 
Clement  and  Ddsormes,  (An.  de  Ch.  lix.)  and  Sir  H.  Davy,  (Elements,  p. 
276.)  When  dry  sulphurous  acid  gas  and  nitrous  vapour  are  mixed  to- 
gether in  a  glass  vessel  quite  free  from  moisture,  no  change  ensues  ;  but  if 
a  few  drops  of  water  be  added,  in  order  to  fill  the  space  wiUi  aqueous  vapour, 
the  white  crystalline  compound,  described  at  page  179  is  immediately  pro- 
duced. Clement  and  D^sormes  believed  it  to  consist  of  sulphuric  acid,  bin- 
oxide  of  nitrogen,  and  water ;  and  Davy,  of  sulphurous  acid,  nitrous  acid, 
and  water.  But  the  observation,  that  the  same  compound  might  be  made 
with  sulphuric  and  anhydrous  nitrous  acids,  and  that  when  decomposed  by 
water,  both  nitrous  acid  and  binoxide  of  nitrogen  are  disengaged,  led  Gajr- 
Luasac  to  the  opinion  which  now  seems  to  be  fully  substantiated  by  experi- 
ment. (Page  179.)  A  consistent  account  may,  therefore,  be  given  of  what 
really  takeg  place  within  the  leaden  chambers. — The  mutual  reaction  of  hu- 
midity, sulphurous  acid,  and  nitrous  acid,  gives  rise  to  the  crystalline  com- 
pound of  sulphuric  acid,  hyponitrous  acid,  and  water ;  and  when  this  solid 
fiills  into  the  water  of  the  chamber,  it  is  instantly  decomposed,  sulphuric 
acid  is  dissolved,  and  nitrous  acid  and  binoxide  of  nitrogen  escape  with  ef- 
fervesceoce.  The  nitrous  acid  thus  set  free,  as  well  as  that  reproduced  by 
the  binonde  uniting  with  the  oxygen  of  the  atmosphere,  is  again  intermixed 
with  sulphurous  acid  and  humidity,  and  thus  gives  rise  to  a  second  portion 
of  the  crystalline  solid,  which  undergoes  the  same  change  as  the  first  A  cer- 
tain portion  of  nitric  acid  is  usually  formed  by  the  action  of  water  on  the 
nitrous  acid;  but  the  presence  of  sulphuric  acid  in  that  water  tends  to  pre- 
vent the  finee  decomposition  of  nitrous  acid  which  pure  water  produces. 
When  the  water  of  the  chamber  by  these  successive  combinations  and  de- 
compositions is  sufficiently  charged  with  acid,  it  is  drawn  off,  and  coneen- 
trated  by  evaporation.  During  this  process,  if  carried  far  enough,  the  nitric 
acid  formed  in  the  leaden  chamber  is  expelled.  From  the  foregoing  account 
it  consequently  appears  that  the  oxygen,  by  which  the  sulphurous  is  con- 
verted into  sulphuric  acid,  is  in  reality  supplied  by  the  air ;  that  the  combi- 
nation is  effected,  not  directly,  but  through  the  medium  of  nitrous  acid  ;  and 
that  a  small  quantity  of  nitrous  acid  is  sufficient  for  the  production  of  a 
large  quantity  of  sulphuric  acid.  The  decomposition  of  the  crystalline  solid 
by  water  seems  owing  to  the  strong  affinity  of  that  liquid  for  sulphuric  acid. 

Sulphuric  acid,  as  thus  prepared,  is  never  quite  pure.  It  contains  some 
sulphate  of  potassa  and  of  lead,  the  former  derived  from  the  nitre  employed 
in  making  it,  and  the  latter  fl'om  the  leaden  chamber.  To  separate  these 
impurities,  the  acid  should  be  distilled  from  a  glass  or  platinum  retort.  The 
former  may  be  used  with  safety  by  putting  into  it  some  fragments  of  plati- 
nnm  lea^  which  cause  the  acid  to  boil  fireely  on  the  application  of  heat, 
without  danger  of  breaking  the  vessel. 

Pure  sulphurio  acid,  as  obtained  by  the  second  process,  is  a  dense,  colour- 
less, oily  fluid,  which  boils  at  €00°  F.,  and  has  a  specific  gravity,  in  its  most 
concentraled  form,  of  1.647  or  a  little  higher,  never  exceeding  1.850.  Mits. 
cberlich  found  the  density  of  iU  vapour  to  be  3 ;  but  the  calculated  number, 
2.7639,  is  probably  nearer  the  truth.  It  is  one  of  the  strongest  acids  with 
wbicb  pb0q»ist9  are  aiiiiiiainted,  and  when  undiluted  is  powerfully  oorrosiyr, 
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It  decompowt  all  animal  and  vegetable  aubetanoes  by  the  aid  of  heat,  cam. 
ing  deposition  of  charcoal  and  formation  of  water.  It  has  a  strong  sour 
taste,  and  reddens  litmus  paper,  even  though  greatly  diluted.  It  unites  with 
alkaline  subsUoces,  and  separates  all  other  acids  more  or  less  com-^letely 
from  their  combinations  with  the  alkalies. 

Sulphuric  acid  in  a  very  concentrated  state  dissolves  small  quantities  of 
sulphur,  and  acquires  a  blue,  green,  or  brown  tint  Tellurium  and  selenium 
are  also  sparingly  dissolved,  Uie  former  causing  a  crimson,  and  the  latter  a 
green  colour.  By  dilution  with  water,  these  substances  subside  unchanged ; 
but  if  heat  is  applied,  they  are  oxidized  at  the  expense  of  the  acid,  and  sul- 
phurous acid  gas  is  disengaged.  Charcoal  also  appears  soluble  to  a  small  ex- 
tent in  sulphuric  acid,  communicating  at  first  a  pink,  and  then  a  dark  red- 
dish-brown  tint 

Sulphuric  acid  has  a  very  great  affinity  for  water,  and  unites  with  it  in 
every  proportion.  The  combination  takes  place  with  production  of  intense 
heat  When  four  parts  by  weight  of  the  acid  are  suddenly  mixed  with  one 
of  water,  the  temperature  of  the  mixture  rises,  according  to  Dr.  Ure,  to 
300°  F.  By  its  attraction  for  water,  it  causes  the  sudden  liquefaction  of 
snow ;  and  if  mixed  with  it  in  due  proportion  (p.  39),  intense  cold  is  gene- 
rated. It  absorbs  watery  vapour  with  avidity  from  the  air,  and  on  this  ac- 
count is  employed  in  the  process  for  freezing  water  by  its  own  evaporation. 
The  action  of  sulphuric  acid  in  destroying  the  texture  of  the  skin,  in  form- 
ing etlicrs,  and  in  decomposing  animal  and  vegetable  substances  in  general, 
seems  dependent  on  its  affinity  for  water. 

It  is  frequently  important  to  know  the  quantity  of  real  acid  contained  in 
liquid  sulphuric  acid  of  different  strengths.  When  great  accuracy  is  requi- 
site, this  information  should  always  be  ascertained  by  neutralizing  a  speci- 
men of  the  acid  with  an  alkali.  For  this  purpose,  dilute  a  known  weight  of 
the  acid  moderately  with  water,  and,  while  warm,  add  pure  anhydrous  car- 
bonate of  soda,  until  the  solution  is  exactly  neutral.  Every  53.42  parts  of 
carbonate  of  soda,  required  to  produce  this  efiect,  correspond  to  40.1  parts  of 
real  sulphuric  acid.  But  if  minute  precision  is  not  desired,  the  strength  of 
the  acid  may  be  estimated  by  its  specific  gravity,  according  to  the  table  of 
Dr.  Ure  inserted  in  the  Appendix. 

Sulphuric  acid  of  commerce  freezes  at  —  15°  F.  Diluted  with  water  so 
as  to  have  a  specific  gravity  of  1.78  it  congeals  even  above  32°,  and  remains 
in  the  solid  state,  according  to  Mr.  Keir,  till  the  temperature  rises  to  45°. 
When  mixed  with  rather  more  than  its  weight  of  water,  its  freezing  point  is 
lowered  to  —36°  F. 

The  composition  of  sulphuric  acid  as  before  given  is  founded  on  the  ob- 
servation of  Gay-Lussac,  that  when  the  vapour  of  sulphuric  acid  is  passed 
through  a  small  porcelain  tube  heated  to  redness,  it  is  resolved  into  two 
measures  of  sulphurous  acid  gas  and  one  of  oxygen.  Berzelius  has  confirmed 
this  conclusion  by  directly  converting  a  known  weight  of  sulphur  into  sul- 
phuric acid. 

Chemists  possess  an  unerring  test  of  the  presence  of  sulphuric  acid.  If  a 
solution  of  chloride  of  barium  is  added  to  a  liquid  containing  sulphuric  acid, 
it  causes  a  white  precipitate,  sulphate  of  baryta,  which  is  characterized  by 
its  insolubility  in  acids  and  alkalies. 

Sulphuric  acid  does  not  occur  free  in  nature,  except  occasionally  in  the 
neighbourhood  of  volcanoes.  In  combination,  particularly  with  lime  and 
baryta,  it  is  very  abundant 

HyposulphuroHS  i4ci</.<— This  acid  may  be  formed  either  by  digesting  sol- 
phur  in  a  solution  of  any  sulphite,  or  by  transmitting  a  current  of  sulphurous 
acid  into  a  solution  of  sulphuret  of  ealcium  or  strontium.  In  the  former  oase, 
the  sulphurous  acid  takes  up  an  additional  quantity  of  sulphur,  and  a  salt  ^ 
h^posulphurous  acid  is  obtained;  and  in  the  latter,  tho  sulphurous  acid 
gives  part  of  its  oxygen  to  the  metal,  and  its  remaining  oxygen  unites  with 
sulphur.  Three  equivalents  of  sulphurous  acid  and  two  of 'sulphuret  of  cal- 
clwa  conttMa  the  elements  for  forming  two  equivalenta  of  byposolphite  of 
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fime,  ono  aq.  of  sulphar  being  deposited.  A  convenient  solution  for  this  pur- 
pose  is  msife  by  boUinff  3  parts  of  slaked  lime  and  1  of  sulpbar  with  20 
parts  of  water  for  one  hoar,  and  decanting*  the  clear  liquid  from  the  undis- 
•olted  portions;  but  when  this  solution  is  used,  the  deposite  of  sulphur  is 
abundant.  Sir  J.  Herschel  states  that  hyposuiphurous  acid  may  be  formed 
by  the  action  of  sulphurous  acid  on  iron  filings;  but  the  nature  of  the 
change  is  not  well  understood. 

The  salts  of  hyposuiphurous  acid  were  first  described  by  Gay-Lussac  in 
the  85th  Tolume  of  the  Annalet  de  Ckimie,  under  the  name  of  9ulpkureit»i 
smlfkiUt.  Dr.  Thomson  in  his  System  of  Chemistry  suggested  that  the 
acid  of  these  salts  might  be  regarded  as  a  compound  of  one  equivalent  of 
sulphur  and  one  of  oxygen,  and  proposed  for  it  the  name  of  hypotulphurmu 
acid;  and  the  subsequent  researches  of  Sir  J.  Herschel  (Edinburgh  Philos. 
Journal,  i.  8  and  396)  accorded  so  entirely  with  this  opinion,  that  it  was 
oniversally  adopted.  But  it  appears  from  the  experiments  of  Rose,  that 
though  the  ratio  of  its  elements  is  as  16  to  8,  the  equivalent  of  the  acid,  or 
the  quantity  required  to  neutralize  one  equivalent  of  an  alkali,  is  not  24  but 
48;  and  hence  that  its  smallest  molecule  must  be  formed  of  two  atoms  of 
sulphur  united  with  two  atoms  of  oxygen.  (PoggendorfTs  Ann.  xxi.  431.) 

Hyposuiphurous  acid  cannot  exist  permanently  in  a  free  state.  On  de- 
composing a  hyposulphite  by  any  stronger  acid,  such  as  sulphuric  or  hydros 
chloric,  the  hyposuiphurous  acid,  at  the  moment  of  quitting  the  base,  re- 
solves itself  into  sulphurous  acid  and  sulphur.  Sir  J.  Herschel  succeeded 
in  obtaining  free  hyposuiphurous  acid,  by  adding  a  slight  excess  of  sulphuric 
acid  to  a  dilute  solution  of  hyposulphite  of  strontia ;  but  its  decomposition 
very  soon  took  place,  even  at  common  temperatures,  and  was  instantlv  ef- 
fected  by  heat.  Most  of  the  hyposulphites  are  soluble  in  water,  and  have 
a  Utter  taste.  ~  The  solution  precipitates  the  nitrates  of  the  oxiiles  of  silver 
and  mercury  black,  as  sulphuret  of  the  metals;  and  salts  of  baryta  and 
oxide  of  lead  are  thrown  down  as  white  insoluble  hyposulphites  of  those 
bases.  That  of  baryta  is  soluble  without  decomposition  in  water  acidulated 
-with  hydrochloric  acid.  The  solution  of  all  the  neutral  hyposulphites  has 
the  peculiar  property  of  dissolving  recentiv  precipitated  chloride  of  silver  in 
large  quantity,  and  forming  with  it  a  liquid  of  an  exceedingly  sweet  taste. 

NypogulpAuric  Acid. — This  acid  was  discovered  in  1819  by  Welter  and 
'Gay.JLussac.  (An.  de  Ch.  et  de  Ph.  x.)  It  is  formed  by  transmitting  a  cur- 
rent of  sulphurous  acid  gas  through  water  containing  peroxide  of  manganese 
in  fine  powder ;  when  by  a  now  arrangement  of  their  elements, 

9  eq.  Btilph.  acid  lb  1  eq.  Perox.  mang.  S  1  eq.  Protoz.  mans,  lb  1  eq.  Hyposulp.  acid. 
2(8+20)  Mn4-20     2  Mn+O  2S+50, 

hyposulphate  of  protoxide  of  mang^ancse  remaining  in  solution.  During  the 
action  heat  is  freely  evolved,  and  m  consequence  sulphuric  acid  is  also  gene, 
rated ;  but  if  the  peroxide  of  manganese  be  pure  and  the  materials  kept 
cool,  the  formation  of  sulphuric  acid  is  almost  completelv  prevented.  To 
the  liquid,  after  filtration,  a  solution  of  pure  baryta  or  sulphuret  of  barium 
in  slight  excess  is  added,  whereby  the  manganese  is  thrown  down  as  an 
oxide  or  sulphuret,  sulphuric  acid  as  sulphate  of  baryta,  and  a  solution  of 
hyposulphate  of  baryta  is  obtained :  the  excess  of  baryta  is  got  rid  of  by  a 
free  current  of  carbonic  acid  gas,  and  then  heating  the  solution.  The  hypo- 
sulphate of  baryta  crystallizes  by  evaporation,  and  on  decomposing  a  solu- 
tion of  that  salt  by  a  quantity  of  sulphuric  acid  exactly  sufficient  for  pre* 
cipitating  the  baryta,  the  hyposulphuric  acid  is  led  in  solution. 

This  compound  reddens  litmus  paper,  has  a  sour  taste,  and  fbrms  neutral 
salts  with  the  alkalies.  It  has  no  odour,  by  which  circumstance  it  is  distin. 
gulshed  from  sulphurous  acid.  It  cannot  be  confounded  with  sulphuric 
acid ;  for  it  forms  soluble  salts  with  baryta,  strontia,  lime,  and  oxide  of  lead, 
whereas  the  compounds  which  sulphuric  acid  forms  with  those  bases  are  all 
insoluble.  Hyposulphuric  acid  cannot  be  obtained  free  from  water.  lit 
sohitioo,  if  confined  with  a  vessel  of  sulphurio  acid  under  the  exhausted  ror 

17« 
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oeiver  of  an  air.puin|i,  may  be  oonoentrated  till  it  has  a  dcnaityof  1«847; 
but  if  an  attempt  it  made  to  condense  it  still  further,  the  acid  is  decomposed, 
sulphurous  acid  gas  escapes,  and  sulphuric  acid  remains  in  solution.  A 
similar  change  is  still  more  readUj  produced  if  the  evaporation  is  con- 
ducted by  heat. 

Welter  and  Gay-Lussac  analyzed  hyposulphuric  acid  by  exposing  neutral 
hypoBolpbate  of  baryta  to  heat  At  a  temperature  a  little  above  2129  this 
salt  suffers  complete  decomposition ;  sulphurous  acid  gas  is  disengaged,  and 
neutral  sulphate  of  baryta  is  obtained.  It  was  thus  ascertained  that  72 
grains  of  hyposulphuric  acid  yield  32  grains  of  sulphurous,  and  40  of  sul- 
phuric acid;  from  which  it  b  inferred  that  hyposulphuric  acid  is  composed 
either  of  an  equivalent  of  each  of  those  acids  combined  with  each  other,  or 
of  two  equivalents  of  sulphur  and  five  of  oxygen. 


SECTION  VIII. 

PHOSPHORUS. 

Phosphorvs  (j^tta^S^s  from  ^  light  and  ^i^ttf  to  earry\  so  caHcd  iron 
its  property  of  shining  in  the  dark,  was  discovered  about  the  year  1669  by 
Brandt,  an  alchemist  of  Hamburgh.  It  was  originally  prepared  from  urine; 
but  Scheele  afterwards  described  a  method  of  obtaining  it  from  bones,  which 
is  now  generally  practised.  The  bones  are  first  ignited  in  an  open  fire  till 
they  become  white,  so  as  to  destroy  their  animal  matter,  and  burn  away  the 
charcoal  derived  from  it,  in  which  state  they  contain  nearly  4-5ths  of  phos- 
phate of  lime.  They  arc  then  reduced  to  a  fine  powder,  and  digested  for  a 
day  or  two  with  half  their  weight  of  strong  sulphuric  acid,  with  the  addition 
of  so  much  water  as  will  give  (he  consistence  of  a  thin  paste.  Decomposi- 
tion of  the  phosphate  of  lime  is  thus  effected,  and  two  new  salts  formed,  the 
sparingly  soluble  sulphate  and  a  soluble  superphosphate  of  lime.  The  latter 
is  then  dissolved  in  warm  water,  and  the  solution,  after  being  separated  by 
filtration  from  the  sulphate  of  lime,  is  evaporated  to  the  consistence  of  syrop, 
mixed  with  a  fourth  of  its  weight  of  powdered  charcoal,  and  strongly  heated 
in  an  earthen  retort  well  luted  with  clay.  The  beak  of  tlie  retort  is  put  into 
water,  in  which  the  phosphorus,  as  its  vapour  passes  over,  is  condensed. 
When  first  obtained  it  is  usually  of  a  reddish-brown  colour,  owing  to  the 
presence  of  pbosphuret  of  carbon  formed  during  the  process.  It  may  be 
purified  by  fusion  in  hot  water,  and  being  pressed  while  liquid  through 
chamois  leather,  or  by  a  second  distillation. 

In  this  process  the  oxygen  of  that  part  of  the  phosphoric  acid  which  con- 
stituted the  superphosphate,  unites  with  charcoal,  giving  rise  to  carbonic 
acid  and  carbonic  oxide  gases;  and  phosphate  of  lime  in  the  state  of  bone 
earth,  together  with  redundant  charcoal,  remains  in  tlie  retort  The  lime 
acts  an  important  part  in  fixing  the  phosphoric  acid,  which,  if  not  so  com- 
bined, would  distil  over  before  the  heat  was  high  enough  for  its  decomposi- 
tion. In  extracting  phosphorus  from  urine,  the  phosphoric  acid  should  be 
thrown  down  by  acetate  or  the  oxide  of  lead ;  the  phosphate  of  that  oxide  is  then 
decomposed  by  charcoal  as  in  the  former  process.  It  should  be  converted  by 
the  action  of  sulphuric  acid  into  a  superphosphate  of  the  oxide  of  lead  before 
admixture  with  charcoal. 

Pure  phosphorus  is  transparent  and  almost  colourless.  It  is  so  soft  that  it 
may  be  cut  with  a  knife,  and  the  cot  surface  has  a  waxy  lustre.  At  the 
temperature  of  108^^  it  fuses,  and  at  550^  is  converted  into  vapour,  which 
according  to  Dumas  has  a  density  of  4.355.  It  is  soluble  by  the  aid  of  heat 
in  napbma,  in  fixed  and  volatile  oils,  in  the  chloride  of  sulphnr,  sulj»huret 
of  carbon,  and  sulphuret  of  phosphorus.    On  its  cooling  from  solotioo  in  the 
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kller,  Mitacberlich  obCained  it  in  regular  dodeeahedral  crystals.  By  the 
fiiflion  and  slow  cooling  of  a  large  quantity  of  phosphorus,  M.  Frantween 
has  obtained  very  fine  crystals  of  an  octohedral  form,  and  as  large  as  a 
cherry-stone.  Thenard  has  remarked  that  when  phosphorus  is  msed  at 
150^,  and  suddenly  cooled  by  being  plunged  into  cold  water,  it  appears 
bUck;  but  by  fusion  and  slow  cooling  it  recovers  its  original  aspect 

Phosphorus  b  exceedingly  inflammable.  Exposed  to  the  air  at  common 
temperatures,  it  undergoes  slow  combustion,  emits  a  white  vapour  of  a  pecu- 
liar alliaceous  odour,  appears  distinctly  luminous  in  the  dark,  and  is 
gradually  consumed.  On  this  account,  phosphorus  should  always  be  kept 
under  water.  The  disappearance  of  oxygen  which  accompanies  these 
changes  is  shown  by  putting  a  slick  of  phosphorus  in  a  jar  full  of  air,  in- 
vetted  over  water.  Tlie  volume  of  the  gas  gradually  diminishes;  and  if  the 
temperature  of  the  air  is  at  GO^,  the  whole  of  the  oxygen  «vill  be  witlidrawn 
in  the  course  of  13  or  24  hours.  The  residue  is  nitrogen  gas,  containing 
aboat  1.40th  of  its  bulk  of  the  vapour  of  phosphorus,  ft  is  remarkable  that 
the  alow  combustion  of  phosphorus  does  not  take  place  in  pure  oxygen,  un- 
less its  temperature  be  about  80^.  But  if  the  oxygen  be  diluted  with  nitro- 
gen,  hydrogen,  or  carbonic  acid  gas,  the  oxidation  occurs  at  60^;  and  it 
takes  place  at  temperatures  still  lower  in  a  vessel  of  pure  oxygen,  rare6ed.  by 
diminished  pressure.*  Mr.  Graham  finds  that  the  presence  of  certain 
gaseous  substances,  even  in  minute  quantity,  has  a  remarkable  efiect  in  pre- 
venting  the  slow  combustion  of  phosphorus :  thus  at  66^  it  is  entirely  pre- 
vented by  the  presence,  (Quart  Jour,  of  Science,  N.  S.  vi.  83.) 

*  If  a  slick  of  dry  phosphorus  be  dusted  over  with  powdered  resin  or 
sulphur,  and  then  introduced  under  the  receiver  of  an  air-pump,  it  will  be 
found  that,  as  soon  as  the  exhaustion  commences,  the  phosphorus  will  be- 
come luminous,  which  appearance  increases  as  the  rarefaction  proceeds, 
until  finally  the  phosphorus  inflames.  Van  Bemmelen,  who  first  attempted 
to  account  for  this  phenomenon,  attributes  it  to  the  combination  of  the  sul- 
phur or  resin  with  the  phosphorus,  the  union  of  which,  accelerated  by  tbe 
influence  of  the  vacoom,  gives  rise  to  tbe  evolution  of  so  much  heat,  as  to 
inflame  the  phosphorus,  or  the  new  compound  formed.  Bcraclius  rejects 
this  explanation,  as  it  does  not  account  for  an  experiment  by  Van  Bemmelen, 
in  which  phosphorus  was  found  to  take  fire  under  an  exhausted  receiver, 
when  merely  enveloped  with  cotton.  Berzelius^  Traite  de  Chimie,  i.  260. 

Professor  A.  D.  Bache,  of  tbe  University  of  Pennsylvania,  has  repeated 
and  extended  the  experiments  of  Van  Bemmelen»  and  has  had  the  goodness 
to  communicate  to  me  an  abstract  of  his  results.  He  succeeded  in  pro- 
ducing the  inflammation  of  the  phosphorus,  under  tbe  circumstances  above 
mentioned,  by  means  of  the  following  substances  in  a  finely  divided  state,  in 
addition  to  tliose  employed  by  Van  &m melon : — 

Carbon  in  the  form  uf  ivory  black      Lime. 

and  wood-charcoal.  Peroxide  of  manganese. 

Spongy  platinum.  Hydrate  of  potassa. 

Antimony.  Muriate  of  ammonia. 

Arsenic.  Chloride  of  sodium. 

Bisulphuret  of  mercury.  Fluate  of  lime. 

Sulphuret  of  antimony.  Carbonate  of  lime. 
Silica. 

Sulphur  and  charcoal  were  the  substances  which  succeeded  most  readily. 
With  metallic  arsenic  there  was  much  diffieoky.  The  temperature  of  the 
room  has  great  influence  on  the  success  of  the  experiments. 

Professor  Bache  is  of  opinion  that  some  of  bis  cxperimenls  are  uniavour- 
able  to  tlie  explanation  of  Van  Bemmelen;  as  for  example,  those  with  car- 
bonaie  of  liiae  and  fluor  spar,  which,  though  incombusiible  substances,  ad 
with  the  same  energy  as  sulphur  or  carbon.— -f^. 
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Volumes  of  air. 


of  1  volume  ofolefiant  gas  in               .  .  450 

1    ditto    of  vapour  of  sulphuric  ether  in  .  150 

1    ditto    of  tapour  of  naphtha  in  \  .  1820 

1    ditto    of  vapour  of  oil  of  turpentine  in  .  4444, 

and  by  an  equally  slight  impregnation  of  the  vapour  of  the  other  essential 
oils.  Their  influence  is  not  confined  to  low  temperatures.  Phosphorus  be- 
comes faintly  luminous  in  the  dark,  in  mixtures  of 

1  volume  of  air  and  1  volume  of  olefiant  gas  at  .  200°  F. 

1        .        .        and  I    ditto    of  vapour  of  ether  at       .  21 S'' 

lU         .         .        and  1    ditto    of  vapour  of  naphtha  at  .  170° 

156        .        .        and  1    ditto    of  vapour  of  turpentine  at  186° 

Phosphorus  may  be  sublimed  at  its  boiling  temperature,  in  air  containing 
a  considerable  proportion  of  the  vapour  of  oil  of  turpentine,  without  dimi- 
nishing  the  quantity  of  oxygen  present,  provided  the  heat  be  gradually  and 
uniformly  applied.  Mr.  Graham  has  also  remarked,  that  the  oxidation  of 
phosphorus  in  the  air  is  promoted  by  the  presence  of  hydrochloric  acid  gas. 

A  very  slight  degree  of  heat  is  sufficient  to  inflame  phosphorus  in  the 
open  air.  Gentle  pressure  between  the  fingers,  friction,  or  a  temperature  not 
much  above  ito  point  of  fusion,  kindles  it  readily.  It  bums  rapidly  even  in 
the  air,  emitting  a  splendid  white  light,  and  causing  intense  heat  Its  com- 
bustion is  fiir  more  rapid  in  oxygen  gas,  and  the  light  proportionally  more 
vivid. 

When  phosphorus  is  kept  for  a  long  time  under  water,  especially  when 
exposed  to  light,  its  surface  acquires  a  thin  coating  of  white  matter,  which 
some  have  described  as  an  oxide,  and  others  as  a  hydrate  of  phosphorus.  It 
seems  from  some  recent  experiments  by  Rose  to  bo  neither  an  oxide  nor  a 
hydrate,  but  pliosphorus  in  a  peculiar  mechanical  state,  which  deprives  it  of 
its  usual  action  upon  light  and  renders  it  opaque.  (Fog.  Annalcn,xxvii.565.) 

Repeated  researches  by  Berzclius  have  shown  that  the  oxygen  in  phosphorous 
and  phosphoric  acids  is  in  tlie  ratio  of  3  to  5,  a  result  conformable  to  experi- 
ments on  the  same  subject  by  Dulong,and  admitted  by  most  chemists.  It  is 
hence  inferred  that  the  smallest  molecule  of  phosphoric  acid  coiitains  five 
atoms  of  oxygen.  Also  Berzelius  finds  that  31.4  parts  of  phosphorus  require  40 
of  oxygen  fbr  forming  phosphoric  acid  .*  if  this  acid  consist  of  one  atom  of 
phosphorus  and  five  atoms  of  oxygen,  31.4  will  represent  one  atom  of  phos- 
phorus ;  or  if  the  acid  contain  two  atoms  to  five,  the  atom  of  phosphorus 
will  be  half  31.4  or  15.7.  It  is  doubtful  which  view  is  preferable,  and  I, 
therefore,  continue  to  use  15.7.  The  combining  voloinc  of  phosphorus  va- 
pour (page  146)  is  25. 

The  compounds  of  phosphorus  described  in  tlits  section  are  the  follow- 
ing:— 

Phosphorus.      Oxygen.      Equiv.     Formulae. 
Oxide  of  phosphorus        47.1  or  3  cq.-f    8  or  1  cq.=55.1    3P4-0 
Hypophosphorous  acid    31.4or2eq.  +    8  or  1  eq.s39.4    2P+0  or  f* 

Phosphorous  acid  31.4  or  2  eq.  -f  24  or  3  eq.=55.4    2P4-30  or  P 

Phosphoric  acid  i 

PyrophoRphoric  acid    >  31.4  or  2  cq.  -f-  40  or  5  cq.=7l.4    2P-f  50  or  P 


Mctaphosphoric  acid 

COMPOUNDS  OF  OXYGEN  AND  PHOSPHORUS. 

Oxide, — ^When  a  jet  of  oxygen  gas  is  thrown  upon  phosphorus  while  in 
flision  under  hot  water,  combustion  ensues,  pliosphorie  acid  is  formed,  and 
a  number  of  red  particles  collect,  which  have  been  examined  by  M.  Pelouze, 
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who  has  shown  them  to  be  an  oxide  of  i^otphoras.    The  red  matter  left 
when  phosphorus  is  burned  is  probably  of  the  same  nature. 

This,  the  only  known  oxide  of  phosphorus,  is  of  a  red  colour,  without 
taste  or  odour,  and  is  insoluble  in  WHter,  ether,  alcohol,  and  oil.  It  is  per- 
manent  in  the  air,  even  at  662*^  F.,  but  takes  fire  at  a  low  red  heat  Heated 
to  redness  in  a  tube,  phosphorus  is  expelled,  and  metaphosphoric  acid  re- 
mains. It  takes  fire  in  chlorine  gas,  and  is  rapidly  oxidized  by  nitric  acid. 
It  does  not  appear  to  possess  any  alkaline  character.  (An.  de  Ch.  et  de  Ph. 
1.83.) 

Hypophosphoraus  Acid^ — ^This  acid  was  discovered  in  1816  by  Dulon^. 
(An.  de  Ch.  et  de  Ph.  ii.)  When  water  acts  upon  the  phosphuret  of  barium 
the  elements  of  both  enter  into  a  new  arrangement,  giving  rise  to  phoephu- 
retted  hydrogen,  phosphoric  acid,  hypophosphorous  acid,  and  baryta.  The 
former  escapes  in  the  form  of  gas,  and  the  two  latter  combine  with  the  ba- 
ryta. Hypopbosphtte  jof  baryta,  being  soluble,  dissolves  in  the  water,  and 
may  consequently  be  separated  by  filtration  from  the  phosphate  of  baryta, 
which  is  insoluble.  On  adding  a  8u£5cient  quantity  of  sulphuric  acid  for  pre- 
cipitating the  baryta,  hypophosphorous  acid  is  obtained  in  a  free  state,  and  on 
evaporating  the  solution,  a  viscid  liquid  remains,  highly  acid  and  even  crys- 
tallizablc,  which  is  a  hydrate  of  hypophosphorous  acid.  When  exposed  to 
heat  in  close  vessels,  it  undergoes  the  same  kind  of  change  as  hydrated 
phosphorous  acid. 

Hypophosphorous  acid  is  a  powerful  deoxidizing  agent  It  unites  with 
alkaline  bases ;  and  it  is  remarkable  that  all  its  salts  are  soluble  in  water. 
Tbe^  bypophoephites  of  potassa,  soda,  and  ammonia  dissolve  in  every  pro- 
portion in  rectified  alcohol ;  and  hypophosphite  of  potassa  is  even  more  deli- 
quescent tiias  chloride  of  calcium.  They  are  all  decomposed  by  heat,  and 
yield  the  same  products  as  the  acid  itselr.  They  are  conveniGutlj  pr«jwed 
by  precipiuting  hypophosphite  of  baryta,  strontia,  or  lime,  with  the  alkaline 
carbonates;  or  by  directly  neutralizing  these  carbonates  with.hypophospho- 
rous  acid.  The  hypophosphite  of  baryta,  strontia,  and  lime  are  formed  by 
bollinff  these  earths  in  the  caustic  state  in  water  together  with  fragments  of 
phosphorus.  The  same  change  occurs  as  during  the  action  of  water  on 
phosphuret  of  barium.  The  composition  of  this  acid  as  stated  at  page  200i,  is 
on  the  authority  of  Rose.  (Pogyen.  Annalcn  ix.  367.) 

Pho$pkarou8  Acid, — When  phosphorus  is  burned  in  air  highly  rarefied; 
imperfect  oxidation  ensues,  and  metaphosphoric  and  phosphorous  acids  are 

n rated,  the  latter  being  obtained  in  the  form  of  a  white  volatile  powder, 
lis  state  it  is  anhydrous.  Heated  in  the  open  air,  it  takes  fire,  and  forms 
metaphosphoric  acid  ;  but  if  exposed  to  heat  in  close  vessels,  it  is  resolved 
into  metaphosphoric  acid  and  phosphorus.  It  dissolves  readily  in  water, 
has  a  sour  taste,  and  smells  somewhat  like  garlic.  It  unites  with  alkalies, 
and  forms  salts  which  are  termed  phosphites.  The  solution  of  phosphoroos 
acid  absorbs  oxygen  slowly  from  the  air,  and  is  converted  into  phosphoric 
acid.  From  its  tendency  to  unite  with  an  additional  quantity  of  oxygen«  it 
is  a  powerful  deoxidizing  agent ;  and  hence,  like  sulphurous  acid«  precipi- 
tales  mercury,  silver,  platinum,  and  gold  from  their  saline  combinations  in 
the  metallic  form.    Nitric  acid  converts  it  into  phosphoric  acid. 

Phosphorous  acid  may  be  procured  more  conveniently  by  subliming  phos- 
phorus through  powdered  bichloride  of  mercury  contained  In  a  glass  tube ; 
when  a  licnpid  liquid  comes  over,  which  is  a  compound  of  chlorine  and 
phosphorus.  (Davy's  Elements,  p.  288.)  This  substance  and  water  mu- 
tnally  decompose  each  other :  the  hydrogen  of  water  unites  with  the  chlo- 
rine, and  forms  hydrochloric  acid ;  while  the  oxygen  attaches  itself  to  the 
phosphorus,  and  thus  phosphorous  acid  is  produced.  The  solution  is  then 
evaporated  to  the  consistence  of  syrup  to  expel  the  hydrochloric  acid ;  and 
the  residue,  which  is  hydrate  of  phosphorous  acid,  becomes  a  orystalline  so. 
lid  on  cooling.  When  Uiis  hydrate  is  heated  in  close  vessels,  the  elementaof 
the  water  aid  acid  react  on  each  other,  forming  metapbosphoric  acid  and 
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a  raseoos  odmpoond  of  hydrogen  and  phosphonia.    The  nature  of  this  gaa 
wul  be  more  particularly  nuti<^  in  the  section  on  phoephuretted  hydrogen. 

Phosphorous  acid  is  also  generated  during  the  slow  oxidation  of  phospho- 
rus in  atmospheric  air.  The  product  attracts  moisture  from  the  air,  and 
forms  an  oil-like  liquid.  Dulong  thinks  that  a  distinct  acid  is  generated  in 
this  esse,  which  he  calls  phogphatic  acid  ;  but  the  opinion  of  Davy,  that  it  is 
merely  a  mixture  of  phosphoric  and  phosphorous  acids,  is  in  my  opinion  per- 
fectly correct 

Pho9phorie  Aeid* — It  was  shown  in  the  year  1827  by  Dr.  Clarke,  now 
Professor  of  chemistry  in  Aberdeen,  that  under  the  term  phosphoric  acid 
had  previously  been  confounded  two  distinct  acids,  one  of  which  he  propos- 
ed  to  distinguish  by  the  name  of  pyropho$phorie  acid  (from  irv^Jire)^  to  indi- 
cate  that  it  is  phosphoric  acid  modified  by  heat ;  and  very  lately  Mr.  Gra- 
ham has  described  another  modification  of  phosphoric  acid,  to  which  he  has 
given  the  provisional  name  of  metaphosphoric  (from  /uvra  together  tottA),  im- 
plying phosphoric  acid  and  something  besides ;  but  this  name  is  rather  un- 
fortunate, since  it  is  applied  to  the  only  one  of  the  three  modifications  which 
can  be  obtained  free  from  water.  Perhaps  paraphosphoric  (from  9r«g«  near 
to)  would  be  more  appropriate.  These  three  acids  contain  phosphorus  and 
oxygen  in  the  same  ratio,  and  have  the  same  equivalent,  so  that  they  may 
be  considered  as  isomeric  bodies  (page  152);  but  that  difference  in  the  ar- 
rangement of  their  elements  on  which  their  peculiarities  may  be  presumed 
to  depend,  is  very  slight,  since  they  are  easily  convertible  into  each  other. 
Mr.  Graham,  indeed,  supposes  the  difference  to  arise  solely  from  a  disposi- 
tion to  unite  in  different  proportions  with  water  and  alkaline  bases ;  bat 
this  view  scarcely  suffices  as  an  explanation,  because  it  does  not  account  for 
the  peculiar  diapotiiion  which  causes  their  dh!i:;Cuve  characters.  (Phil. 
Trans.  lU33,  Part  ii.,  and  Phil.  Mug.  3rd  Series,  iv.  401.) 

Phosphoric  acid  has  hitherto  been  obtained  only  in  combination  with^  wa- 
tar  or  some  alkaline  base.  One  of  the  best  modes  for  procuring  it,  is  to 
oxidize  phosphorus  by  strong  nitric  acid;  but  in  this  process  care  is  neces* 
■ary,  as  the  action  is  sometimes  very  violent,  and  the  escape  of  Innoxide  of 
nitrogen  gas  ungovernably  rapid.  It  is  safely  conducted  by  adding  frag- 
ments of  phosphorus,  or  the  so-called  pbosphatic  acid,  to  strong  nitnc  acid 
contained  in  a  platinum  crucible  partially  clfsed  by  its  cover,  (^ntle  heat  I* 
applied  so  as  to  commence,  and,  when  necessary,  to  maintain  moderate  ef- 
fervescence; and  when  one  portion  of  phosphorns  disappears,  another  is 
added,  till  the  whole  of  the  nitric  acid  is  exhausted.  The  solution  is  then 
evaporated  to  dryness,  and  exposed  to  a  red  heat  to  expel  the  last  traces  of 
nitric  acid.  This  should  always  be  done  in  vessels  of  platinum,  since  pho». 
phoric  acid  acts  chemically  upon  those  of  glass  or  porcelain,  and  is  thereby 
rendered  impure.  In  this  case,  as  in  some  other  instances  of  the  oxidation 
of  combustibles  by  nitric  acid,  water  is  decomposed;  and  while  its  oxygen 
unites  with  phosphorus,  its  hydrogen  combines  with  nilrogen  of  the  nitric 
acid.  A  portion  of  ammonia,  thus  generated,  is  expelled  by  heat  in  the  last 
part  of  the  process. 

Phosphoric  acid  may  be  prepared  at  a  much  cheaper  rate  from  bones. 
For  this  purpose,  superphosphate  of  lime,  obtained  in  the  way  already  de- 
scribed, should  be  boiled  for  a  few  minutes  with  excess  of  carbonate  of  am* 
monia.  The  lime  is  thus  precipitated  as  a  phosphate,  and  the  solution  con- 
tains phosphate,  together  with  a  little  sulphate  of  ammonia.  The  liquid,  after 
filtration,  is  evaporated  to  dryness,  and  then  ignited  in  a  platinum  crucible, 
by  which  means  the  ammonia  and  sulphuric  acid  are  expelled. 

In  both  the  foregoing  processes  phosphoric  acid  exists  only  hi  solution  ; 
fbr  on  heating  to  redness  in  order  to  expel  ammonia  in  the  one  ease  and 
nitric  acid  in  the  other,  metaphosphoric  acid  is  generated.  To  reproduce  the 
phosphoric  acid  the  residue  in  the  crucible  requires  to  be  dissolved  in  water 
and  boiled  for  a  few  minutes. 

Phosphoric  acid  is  colourless,  intensely  sour  to  the  taste,  reddens  litmus 
strongly,  and  neutralises  alkalies ;  but  it  does  not  destroy  the  texture  of  tbo 
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skin  like  ralphiiric  and  nitric  acids.  Its  aolation  may  be  evaporated  at  a 
temperature  of  300^  without  decomposition,  and  when  thus  concentrated  it 
aaenmeB  a  dark  colour,  is  as  thick  as  treacle  when  cold,  and  conabts  of  71.4 
parts  or  one  eq.  of  phosphoric  acid,  and  27  parts  or  three  equivalents  of  wa- 
ter. Mr.  Graham  obtained  this  hydrate  in  thin  crystalline  plates,  which 
were  extremely  (jeliquesoent,  by  keeping  it  for  seven  days  in  vacuo  along 
with  sulphuric  acid.  On  hcatin|r  this  hydrate  for  several  daye  to  415^,  it  lost 
nearly  two-thirds  of  an  equivalent  of  water,  and  then  principally  consisted 
of  pyrophosphoric  acid  with  two  equivalents  of  wafer.  At  a  still  higher  tern- 
perature  metaphosphoric  acid  began  to  be  formed ;  and  at  a  red  heat  tho 
conversion  was  complete.  But  aftier  ignition  it  stiU  contains  water,  amount- 
ing  according  to  Rose  to  9.44  per  cent,  which  is  rather  more  than  an  equi- 
valent  of  water  to  one  of  metaphosphoric  acid. 

Phosphoric  acid  is  remarkable  for  its  tendency  to  unite  with  alkaline 
bases,  in  such  proportions  that  the  oxygen  of  the  base  and  of  the  acid  is  as 
3  to  5 ;  or,  in  other  words,  it  is  prone  to  Ibrm  subsaltF,  in  which  one  equiva- 
lent of  acid  is  combined  with  three  equivalents  of  bajse.  It  manifests  the 
same  character  in  regard  to  water,  and  ceases  to  be  phosphoric  acid  unless 
three  equivalents  of  water  to  one  of  acid  are  present:  it  even  appears  that 
the  water  acts  the  port  of  a  base,  hence  called  basic  water,  and  that  the 
aqueous  solution  is  not  a  mere  solution  of  phosphoric  acid,  but  of  triphos- 
phate of  water,  a  sort  of  salt  composed  of  one  equivalent  of  acid  and  three 
equivalents  of  water.  Part  of  this  basic  water  enters  along  with  soda  into 
the  constitution  of  two  of  the  phosphates  of  soda,  the  water  and  soda  to- 
gether forming  the  three  equivalents  of  base  required  by  one  equivalent  of 
the  acid  Thia  point  will  be  more  fully  described  in  the  history  of  the  phos- 
phates. 

When  phosphoric  acid  is  neutralized  by  ammonia  and  mixed  with  nitrate 
of  oxide  of  silver,  the  yellow  phosphate  of  that  oxide  subsides,  a  character 
by  which  it  is  distinguished  from  pyrophosphoric  and  metaphosphoric  acids, 
as  well  as  from  all  oUier  acids  except  tht^arsenioos.  A  certain  test  between 
phosphoric  and  arsenious  acids  is,  tliat  the  former  is  neither  changed  in  co- 
lour nor  prectpitaied  when  a  stream  of  hydrosulphurtc  acid  gas  is  transmit- 
ted throug^h  it ;  while  tbe  latter,  with  the  required  precautions,  first  acquires 
a  yellow  tint,  and  then  yields  a  yellow  precipitate. 

PyropkoBpitnie  Acid, — ^This  acid  is  formed  by  exposing  concentrated 
phosphoric  acid  for  some  time  to  a  heat  of  415°.  Its  general  characters  re- 
semble phosphoric  acid ;  but  when  neutralized  by  ammonia  and  mixed  with 
nitrate  of  oxide  of  silver,  it  yields  a  snow-white  granular  precipitate,  pyro- 
phosphate of  that  oxide,  by  which  it  is  distinguished  from  phosphoric  and 
metaphosphoric  acids.  &  solution  with  cold  water  pyrophosphoric  acid 
passes  gradually,  and  at  a  boiling  temperature  rapidly,  into  phosphoric  acid. 
Its  salts,  while  neutral,  are  very  permanent;  but  when  boiled  with  either  of 
tbe  stronger  acids  in  water,  they  are  quickly  converted  more  or  less  com- 
pletely  into  phosphates. 

Pyrophosphoric  acid  is  remarkable  for  its  tendency  to  unite  with  two 
equivalents  of  a  base.  Its  aqueous  solution  probably  contains  a  dipyrophos- 
phate  of  water,  that  is  one  equivalent  of  the  acid  with  two  eq.  of  water,  ex- 
pressed by  2H  4-  P  or  H'P.  This  basic  water  is  readily  displaced  by  two 
equivalents  of  stronger  bases,  such  as  soda ;  or  if  one  equivalent  only  of 
soda  be  added,  then  the  soda  and  water  together  make  up  the  two  equiva- 
lents of  base,  the  formula  of  the  salt  being  NaHP.  The  readiest  mode  of 
obtainiDg  a  pyrophosphate  is  to  heat  phosphoric  acid  with  any  fixed  base  in 
ths  ratio  of  one  to  two  of  their  equivalents.  This  was  done  by  Dr.  Clarke 
ia  tbe  experiments  by  which  he  established  the  existence  of  pyrophosphoric 
acid.  (fir€wster*s  Journal,  vii.  298.)  Phosphate  of  soda  is  a  compound  of 
one  eq.  phosphoric  acid,  two  eq.  soda,  one  eq.  basic  water,  and  twenty.four 
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eq.  water  of  eryttalliiation,  its  fbrnmla  being  Na'H  P  •{•  H**  :  on  drying 

thie  salt  its  water  of  crystallization  is  expelled  and  there  remains  Na^H  P, 
which  is  still  a  phosphate ;  but  on  heating  to  redness  the  basic  water  is  ex- 
pelled, and  NasP,  pyrophosphate  of  soda,  remains.  By  being  forced  to  unite 
with  two  equivalents  of  base,  the  acid  acquires  a  disposition  to  do  so  on  all 
occasions. 

Metaphosphorie  Aeid.^—Thin  acid  is  obtained  by  burning  phosphorus  in 
dry  air  or  oxygen  gas,  or  heating  to  redness  a  concentrated  solution  of 
phosphoric  or  pyrophosphoric  acids.  By  the  former  method,  the  acid  is  a 
white  solid,  and  anhydrous ;  in  the  latter  it  is  a  hydrate,  or  probably  a  me- 
taphosphatc  of  water,  composed  of  one  eq.  acid  and  one  eq.  water,  its  for- 
mula being  H  P.  The  water  in  this  compound  cannot  be  expelled  by  fire, 
since  on  attempting  to  do  so  by  a  violent  beat,  the  whole  is  sublimed.  In  an 
open  crucible,  it  vdatilizes  at  a  temperature  by  no  means  high. 

The  peculiarity  of  this  acid  is  to  combine  with  one  equivalent  of  a  base. 
On  exposing  the  anhydrous  acid  to  the  air  it  rapidly  deliquesces,  and  at  the 
same  time  acquires  its  basic  water,  which  can  only  be  replaced  by  an  equi- 
valent quantity  of  soda  or  some  other  alkaline  base.  The  water  is  also  driven 
off  by  fusion  with  siliceous  or  aluminous  substances,  with  which  the  acid 
unites  and  forms  very  fusible  compounds.  The  pure  hydrated  acid  is  of  it- 
self very  fusible,  and  on  cooling  concretes  into  a  transparent  brittle  solid, 
being  known  under  the  name  of  glacial  phosphoric  acuf,  which  is  highly  de- 
liquescent, and  can  hence  only  be  preserved  in  its  glassy  state  in  bottles 
carefully  closed. 

The  metaphosphoric  resemji>les  pyrophosphoric  acid  in  the  ftcility  with 
which  its  aqueous  solution  passes  into  phosphoric  acid.  On  the  contrary, 
both  of  the  other  acids  are  converted  into  metaphosphates  when  heated  to 
redness  in  contact  with  no  more  than  one  equivalent  of  certain  fixed  bases, 
such  as  potassa  and  soda.  This  acid  when  free  occasions  precipitates  in  so- 
lutions of  the  salts,  of  baryta,  and  most  of  the  earths  and  metallic  oxides,  and 
forms  an  insoluble  compound  with  albumen.  The  metaphosphate  of  baryta 
and  oxide  of  silver  both  fall  in  gelatinous  flakes  of  a  gray  colour. 


SECTION  IX. 

BORON. 

Sia  H.  Davt  discovered  the  existence  of  boron  in  1807  by  exposing  bora- 
cic  acid  to  the  action  of  a  powerful  galvanic  battery ;  but  he  did  not  obtain 
a  sufficient  supply  of  it  for  determining  its  properties.  Gay.Lussac  and  The- 
nard*  procured  it  in  greater  quantity  m  1808,  by  heating  boracic  acid  with 
potassium.  The  boracic  acid  is  by  this  means  deprived  of  its  oxygen,  and 
boron  is  set  free.  The  easiest  and  most  economical  method  of  preparing  this 
substance,  according  to  Berzeliua,  is  to  deoomoooe  borofluorido  of  potassium 
or  sodium  by  means  of  potassium.  (Annals  of  Philosophy,  xxvi.  138.) 

Boron  is^  a  dark  olive-coloured  substance,  which  has  neither  taste  nor 
smell,  and  is  a  non-conductor  of  electricity.  It  is  insoluble  in  water,  alcohol, 
ether,  and  oils.    It  does  not  decompone  water  whether  h<^  or  cold.    It  beers 

*  Recherches  Physico-Chimiques,  vol.  i. 
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inleiiM  heat  in  cIom  Teneli,  without  fiiring  or  undergoing  any  other  ehange 
ezeepC  a  alight  increaae  of  density.  Its  specific  gravity  is  about  twice  as 
great  as  that  of  water.  It  may  be  exposed  to  the  atmosphere  at  common 
temperatures  without  change ;  but  if  heated  to  600^,  it  suddenly  takes  fire 
oxygen  gas  disappears,  and  boracic  acid  is  generated.  It  is  very  difikult  to 
oxidixe  all  the  boron  by  burning,  because  the  boracic  acid  fuses  at  the 
moment  of  being  formed,  and  by  glazing  the  snrftce  of  the  unbumed 
boron  protects  it  fi'om  oxidation.  It  also  passes  into  boracic  acid  when 
heated  wUh  nitric  acid,  or  with  any  substance  that  yields  oxygen  with 
Acility. 

Acevrding  to  the  experiments  of  Davy  and  Benelius,  boron  in  burning 
unites  with  200  per  cent,  of  oxygen ;  and  the  latter,  from  the  composition  of 
borax,  estimates  the  oxygen  in  Iwracic  acid  at  68.8  per  cent  Adopting  this 
estimate,  and  regarding  boracic  acid  as  a  compound  of  one  equivalent  of 
boron  to  three  oo.  of  oxygen,  the  equivalent  of  boron  is  inferreid  fiom  the 
proportion,  as  68.8  :  31.2  : :  24  :  10.9.  In  this,  as  in  some  other  cases,  where 
a  oombosliUe  unites  with  oxygen  in  one  proportion  only,  it  is  difficult  with 
any  oertainty  to  assign  the  true  atomic  constitution  of  the  compound. 
Boracic  acid  may  be  a  compound  of  boron  and  oxygen  in  the  ratio  of  one 
atom  to  one  atom,  in  that  of  one  to  two  as  supposed  by  Dr.  Thomson,  or  of 
one  to  three.  The  latter  appears  to  me  most  consistent  with  other  com- 
pounds of  boron.    Hence  boracic  add  is  thus  constituted  :— 

Boron.  Oxygen.     Equiv.      Formula. 

Boracic  acid    10^  or  1  eq.4.24  or  3  eq.=s34.9      B.f30orB. 

Boraeie  Acid, — ^This  is  the  only  known  compound  of  boron  and  oxygen. 
As  a  natural  product  it  is  ibund  in  the  hot  springs  of  Lipari,  and  in  those  oi 
Sasso  in  the  Florentine  territory.  It  is  a  constituent  of  several  minerals, 
among  which  the  datolite  and  boracite  may  in  particular  be  mentioned.  It 
occurs  much  more  abundantly  under  the  form  of  borax,  a  native  com- 
pound of  boracic  acid  and  soda.  It  is  prepared  for  chemical  purposes  by 
adding  sulphuric  add  to  a  solution  of  purified  borax  in  about  four  times  its 
weight  of  boiling  water,  till  the  liquid  acquires  a  distinct  acid  reaction.. 
The  solphurie  acid  unites  with  the  soda;  and  the  boradc  acid  is  deposited, 
when  the  solution  oooli^  in  a  confused  group  of  shining  scaly  crystals.  It 
is  then  thrown  on  a  filter,  washed  with  cold  water  to  separate  the  adhering 
sulphate  of  soda  and  sulphuric  add,  and  still  further  purified  by  solution  in 
boiling  water  and  ro^rystallization.  But  even  after  this  treatment  it  is  apt 
to  retain  a  little  sulphuric  acid ;  and  on  this  account,  when  required  to  be 
absolutely  pore,  it  should  be  fused  in  a  platinum  crucible,  and  once  more 
dissolved  in  hot  water  and  crystallized. 

Boradc  add  in  this  state  is  a  hydrate,  which  contains  43.62  per  cent  of 
water,  being  a  ratio  of  34.9  parts  or  one  equivalent  of  the  anhydrous  acid  to 
27  parts  or  three  eq.  of  water.  This  hydrate  dissolves  in  25.7  times  its 
wdght  of  water  at  60^,  and  in  3  times  at  212^.  Boiling  alcohol  dissolves 
it  freely,  and  the  solution,  when  set  on  fire,  burns  with  a  beautiful  green 
flame;  a  test  which  afibrd^  the  surest  indication  of  the  presence  of  boracic 
add.  Its  spedfic  gravity  is  1.479.  It  has  no  odour,  and  its  taste  is  rather 
bitter  than  acid.  It  reddens  litmus  paper  feebly,  and  effervesces  with 
alkaline  carbonates.  Mr.  Faraday  has  noticed  that  it  renders  turmeric 
paper  brown  like  the  alkalies.  From  the  weakness  of  its  acid  properties,  all 
the  borates,  when  in  solution,  are  decomposed  by  the  stronger  acids. 

When  hydrous  boracic  acid  b  exposed  to  a  gradually  increasing  heat  in  a 
pialinom  crndble,  its  water  of  crystallization  is  wholly  expelled,  and  a  fused 
inaas  romains  which  bears  a  white  heat  without  being  sublimed.  On  cool- 
ing, it  forms  a  hard,  colourless,  transparent  glass,  whicli  is  anhydrous 
bmcie  add.  If  the  water  of  crystallization  m  driven  off  by  the  sudden 
application  of  a  strong  heat,  a  large  quantity  of  boracic  acid  is  carried 
away  during  the  rapid  escape  of  watery  vapour.  The  same  happens,  though 
in  a  leaa  d^ree,  when  a  solution  of  boradc  add  in  water  is  boiled  briskly. 

18 


S06  SBUHiUM. 

Vitrified  bomcic  acid  ihoQld  be  preaerred  in  weli«topped  vaaseb;  for  if 
exposed  to  the  air,  it  abeorba  water,  and  mduaUy  ln«»  ito  tranapaien^ 
lU  specific  gravity  is  1.803.  It  b  exceedingly  fiisiUe,  and  commimicatm 
thia  property  to  the  sabetancea  with  which  it  imitea.  For  thia  reaflon  borax 
is  often  oaed  aa  a  flax. 


SECTION    X. 

SELENIUM.  I 

Tms  Bubetance  waa  discovered  in  1818  by  Berzelius,  who  called  iC 
aeleniom,  firom  Ztxir*,  the  Afoon,  snggeated  by  its  having  at  firiit  been 
mistaken  for  the  metal  teilorium.  (An.  de  Ch,  et  de  Fh.  ix.  IbO,  and  An.  of 
Phil.  xiu.  401.)  It  haa  hitherto  been  obtained  in  very  smi^  quantity,  and 
occura  for  the  moat  part  in  combination  with  aome  varieties  of  iron  pyrito. 
SIromeyer  has  also  detected  it,  aa  a  solphnret  of  seleniam,  among  the 
volcanic  products  of  the  lipari  isles.  It  is  found  likewise  at  Cfauisthal  in 
the  Hartz,  combined,  according  to  Stromeyer  and  Rose,  with  several  metals, 
aueh  as  lead,  cobalt,  silver,  mercury,  and  copper.  Berzelius  found  it  in  the 
sulphur  obtained  by  sublimation  from  the  iron  pyrites  of  Fahlnn.  In  a 
manufactory  of  sulphuric  acid,  at  which  thia  sulphur  was  employed,  it  was 
observed  that  a  reddish^coloured  matter  always  collected  at  the  bottom  of  the 
leaden  chamber;  and  on  burning  this  aubstaince,  Berzelius  perceived  a 
strong  and  peculiar  odour,  similar  to  that  of  decayed  horseradish,  which 
induced  him  to  submit  it  to  a  carefnl  examination,  and  thus  led  to  the 
discovery  of  selenium.  For  the  extraction  of  selenium  from  the  native 
aulpburet,  Magnus  proposes  to  mix  it  with  eight  times  iU  weight  of  perox- 
ide of  manganese,  and  to  ezpoae  the  mixture  to  a  low  red  heat  in  a  glass 
retort,  the  beak  of  which  dipa  into  water.  The  sulphur,  oxidized  at  the 
expense  of  the  manganese,  escapes  in  the  form  of  sulphurous  acid  ;  while 
the  selenium  either  sublimes  aa  such  or  in  the  state  of  aelenious  acid. 
Should  any  of  the  latter  be  carried  over  into  the  water,  it  would  there  be 
reduced  by  the  sulphurous  acid. 

Selenium,  at  common  temperatures,  is  a  brittle  opaque  aolid  body,  without 
taste  or  odour.  It  haa  a  metallic  lustre  and  the  aspect  of  lead  when  in 
mass :  but  it  is  of  a  deep  red  colour  when  reduced  to  powder.  Its  specific 
gravity  is  between  4.3  and  4.32.  At  212°  it  soaens,  and  is  then  so  tenacious 
that  it  may  be  drawn  out  into  fine  threads  which  are  transparent,  and 
appear  red  by  transmitted  light  It  becomes  quite  fluid  at  a  temperature 
somewhat  above  that  of  boihng  water.  It  boils  at  about  650^,  forming  a 
vapour  which  haa  a  deep  yellow  colour,  but  is  free  from  odour.  It  may  be  aub- 
limed  in  close  vessels  without  change,  and  condenses  again  into  dark  globules 
of  a  metallic  lustre,  or  as  a  cinnabar-red  powder,  according  as  the  space  in 
which  it  collects  is  small  or  large.  Berzelius  at  first  regarded  it  as  a  metal; 
but,  since  it  is  an  imperfect  conductor  of  beat  and  electricity,  it  more 
properly  belongs  to  the  class  of  the  simple  non.metfUlic  bodies. 

Selenium  is  insoluble  in  water.  It  suffers  no  change  from  mere  exposure 
to  the  atmosphere;  but  if  heated  in  the  open  air,  it  combinea  readily  with 
oxygen,  and  two  compounds,  oxide  of  selenium  and  selenious  acid,  are 
generated.  If  exposed  to  the  oxidizing  part  of  tlie  blow-pipe  flame,  it  tinges 
tae  flame  with  a  light  blue  colour,  and  exhales  so  strong  an  odour  ai 
decayed  horse-radish,  that  1.50th  of  a  grain  is  said  to  be  sufficient  to  scent 
the  air  of  a  large  apartment.  By  this  character  the  presence  of  selenium, 
whether  alone  or  in  combination,  may  alwaya  be  detected. 

Berzelius  has  shown  that  selenic  acid  is  composed  of  24  parts  of  oacygen 
and  39.6  of  selenium.    This  substonce,  also,  has  three  grajea  of  oxidataon. 
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the  nxfgen  in  the  two  lut  of  which  is  in  the  ratio  of  3  and  3 ;  and  the 
highest  grade,  selenic  acid,  has  in  all  its  chemical  relations  a  singularly 
dow  amogy  to  sulphuric  acid.  From  these  facts  it  is  inferred  that  selenic 
acid  is  composed  of  one  atom  of  s^enium'  and  three  atoms  c£  oxygen,  and 
that  the  equivalent  of  the  former  is  39.6. 
The  oomponnds  of  selenium  described  in  this  section  are  the  following : — 

Selenium.  Oxygen.       -Equir.      Formula. 

Oxide  of  selenium  (probably)  39.6  or  1  eq.-|-  8  or  1  eq.s=  47.6  8e-f  O  or  Se.    , 
Selenions  acid        .        .       39.6  +16  or  3  eq.  as  55.6  Se-f30orSe. 

Selenic  add  .        .        39.6  +24  or  3  eq.  as  63.6  9e-f30orSe. 

Oxide  •/  Selenium, — ^Hiis  compound  is  formed  in  greatest  abundance  by 
heating  sdenium  in  a  limited  quantity  of  atmospheric  air,  and  by  washing 
the  product  to  separate  selenious  acid,  which  is  generated  at  the  same  time. 
It  is  a  coloorlcss  gas,  which  is  very  sparingly  soluble  in  water,  and  docs  not 
poMess  any  add  properties.  It  is  the  cause  of  the  peculiar  odour  which  is 
emitted  during  the  oxidation  of  selenium. 

Selenieut  Acids — ^7*hiB  add  is  most  conveniently  prepared  by  digesting 
selenium  in  nitric  or  nitro>bydrochIoric  add  till  it  is  completely  dissolvea. 
On  evaporating  the  solution  to  dryness,  a  white  residue  is  lefl,  which  is 
■denious  add.  By  increase  of  temperature,  the  add  itself  sublimes,  and 
oondenses  again  unchanged  into  lone  four-sided  needles.  It  attracts  mois- 
ture from  the  air,  whereby  it  suffers  imperfect  liquefaction.  It  dissolves  in 
alcohol  and  water.  It  has  distinct  acid  properties,  and  its  salts  are  called 
se2fittfes. 

Selenions  add  is  readily  decomposed  by  all  substances  which  have  a 
strong  aflinity  for  oxygen,  such  as  sulphurous  and  phosphorous  adds. 
When  Bulphnroos  acid,  or  an  alkaline  sulphite,  is  added  to  a  solution  of 
selenious  add,  a  red-coloured  powder,  pure  selenium,  is  thrown  down,  and 
the  sulphurous  is  converted  into  sulphuric  add.  Hydrosulphuric  acid  also 
decomposes  it;  and  an  orange-yellow  precipitate  subsides,  which  is  a  sul- 
phnret  of  selenium. 

SeUnic  Acid^ — The  preceding  compound,  discovered  by  BeneBus,  was 
tin  lately  the  only  known  acid  of  selenium,  and  has  been  described  in  ele- 
mentary  works  under  the  name  of  selenic  acid ;  but  the  recent  discovery  of 
another  acid  of  selenium  containing  more  oxygen  than  the  other,  has  ren- 
dered necessary  a  change  of  nomenclature.  The  existence  of  selenic  acid 
was  first  notio^  by  M.  mtzsch,  assistant  of  Mitscherlich,  and  its  properties 
have  been  examined  and  described  by  the  Professor  himselE  (Edin.  Journal 
of  Science,  viiL  294.) 

Hiis  add  is  prepared  by  fusing  nitrate  of  potassa  or  soda  with  selenium, 
a  metallic  seleninret,  or  with  selenious  add  or  any  of  its  salts.  Seleniuret 
of  lead,  as  the  most  common  ore  of  selenium,  will  generally  be  employ- 
ed ;  but  it  is  very  difficult  to  obtain  pure  selenic  acid  by  its  means,  because 
it  is  commonly  associated  with  metallic  sulpbureis.  The  ore  is  first  treated 
with  hydrochloric  add  to  remove  any  carlx>nate  that  may  be  present ;  and 
the  insotuUe  part,  which  is  about  a  third  of  the  mass,  is  mixed  with  its  own 
weight  of  nitrate  of  soda,  and  thrown  by  successive  portions  into  a  red-hot 
cmdble.  The  lead  is  thus  oxidized,  and  the  selenium  converted  into  selenic 
add,  which  unites  with  soda.  The  fused  mass  is  then  acted  on  by  hot 
water,  which  dissolves  only  seleniate  of  soda,  together  with  nitrate  and 
nitrite  of  soda ;  while  the  insoluble  matter,  when  well  washed,  is  quite  firee 
from  selenium.  The  solution  is  next  made  to  boil  briskly,  when  anhydrous 
seleniaie  of  soda  is  deposited ;  while,  on  cooling,  nitrate  of  soda  crystallizes. 
On  renewing  the  ebullition  and  subsequent  cooling,  fresh  portions  of  seleniate 
and  nitrate  are  procured;  and  these  successive  operations  are  repeated,  until 
the  former  salt  is  entirely  separated.  Tliis  process  is  fbnnded  on  the  fact, 
tiiat  seleniate  of  soda,  like  the  sulphate  of  the  same  base,  is  more  soluble 
in  water  of  ab^^t  W>  tfeaij  at  higrher  or  lower  temperatures.    The  niUiie  of 
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■oda,  formed  daring  the  fusioD,  is  porpotely  reconverted  into  nitrate  hy  di- 
geition  with  nitric  acid. 

The  aeleniate  of  eoda  thai  procured  always  contains  a  little  sulpburio 
acid,  derived  fimm  the  metallic  sulpharets  of  the  ore;  and  it  is. not  possible 
to  separate  this  acid  by  crystallization.  All  attempts  to  separate  it  by  means 
of  baryta  were  likewise  miiUess;  and  the  only  method  of  effecting  this  oh- 
ject  is  by  reducing  the  selenic  acid  into  selenium.  This  is  done  by  heating 
a  mixture  of  seleniate  of  soda  with  hydrochlorate  of  ammonia,  when  iho 
■odium  unites  with  chlorine,  all  the  hydrogen  with  oxygen,  and  selenium 
and  nitrogen  are  set  free,  liiis  change  will  be  more  readily  followed  when  . 
stated  io  sjrmbols;— thus 

Na+0,Se+30,N+3U.  and  H+Cl,  yield  N,Se,4(H+0),  and  Na+CL 

The  selenium  which  sublimes  is  quite  free  from  sulphur.  It  is  then  con- 
verted by  nitric  acid  into  selenious  acid,  which  should  be  neutralised  with 
soda,  and  fused  with  nitre  or  nitrate  of  soda.  The  pure  seleniate  of  soda, 
separated  from  the  nitrate  according  to  the  foregoing  process,  ^is  subse- 
quently dissolved  in  water,  and  obtained  in  crystau  by  spontaneous  evapo- 
ration. 

To  procure  the  acid  in  a  free  state,  seleniate  of  soda  is  decomposed  by 
nitrate  of  oxide  of  lead.  The  seleniate  of  that  oxide,  which  is  as  msoluble 
as  the  sulphate,  afler  being  well  washed,  is  exposed  to  a  current  of  hydro- 
sulphuric  acid  gas,  which  precipitates  oil  the  lead  as  a  sulphuret,  but  does 
not  decompose  the  selenic  acid.  The  excess  of  the  gas  is  driven  off  by  heat, 
and  pure  selenic  acid  remains  diluted  with  water.  The  absence  of  fixed 
substances  may  be  proved  by  its  being  volatilized  by  heat  without  residue ; 
and  if  fVee  from  sulphuric  acid,  it  gives  no  precipitate  with  chloride  of 
barium  af^r  being  boiled  with  hydrochloric  acid.*  Any  nitric  acid 
which  may  be  present  b  expelled  by  concentrating  the  solution  by  means 
of  heat 

Selenic  acid  is  a  colourless  liquid,  which  may  be  heated  to  536^  without 
appreciable  decomposition;  but  above  that  point  decomposition  commences, 
and  it  becomes  rapid  at  554°,  givincr  rise  to  disengagement  of  oxygen  and 
selenious  acid.  When  concentrated  by  a  temperature  of  3^°  its  specifio 
gravity  is  2.594;  at  512o  it  is  3.60,  and  at  545^  it  is  2.625,  but  a  little  sele. 
nious  acid  is  then  present  When  procured  by  the  process  above  described, 
selenic  acid  always  contains  water,  but  it  is  very  difficult  to  ascertain  its 
precise  proportion.  Some  acid,  wh^ch  had  been  heated  higher  than  536^, 
contained,  subtracting  the  quantity  of  selenious  acid  present,  15.75  per  cent 
of  water,  which  approximates  to  the  ratio  of  one  equivalent  of  water  and 
one  of  the  acid.  It  is  certain  that  selenic  acid  is  decomposed  by  heat  before 
parting  with  all  the  water  which  it  contains. 

Selenic  acid  has  a  powerful  affinity  for  water,  and  emiU  as  much  heat  in 
uniting  with  it  as  sulphuric  acid  docs.  Like  this  acid  it  is  not  decomposed 
by  hydroBulphuric  acid,  and  hence  this  gas  may  be  employed  for  deoom. 
posinff  f^leniate  of  the  oxides  of  lead  or  copper.  With  hydrochloric  acid 
the  change  is  peculiar;  for  on  boiling  the  mixture,  mutual  decomposition 
ensues,  water  and  selenious  acid  are  formed,  and  chlorine  is  set  free;  so 
that  the  solution,  like  a^a  regia,  is  capable  of  dissolving  gold  and  platinum. 
Selenic  acid  dissolves  zmc  and  iron  with  disengagement  of  hydrogen  gas, 
and  copper  with  formation  of  selenious  acid.  It  dissolves  gold  also,  but  not 
platinum.  Sulphurous  acid  has  no  action  on  selenic  acid,  whereas  selenious 
acid  is  easily  reduced  by  it    Consequently,  when  it  is  wished  to  precipiUto 

•  The  necessity  for  this  previous  boiling  with  hydrochloric  acid  is  to  con- 
vert the  selenic  into  selenious  acid,  without  which  change  the  chloride  of 
barium  would  produce  a  precipitate  of  seleniate  of  baryta.  The  rationale 
of  the  action  of  hydrochloric  acid  is  explained  further  on.  Ed. 
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Mlenlam  fiom  selenie  acid,  it  must  be  boiled  with  hydrochloric  acid  belbro 
aulphurous  acid  is  added. 

Miticberlich  has  observed,  that  selenic  and  sdlphuric  acids  are  not  only 
analogouB  in  composition  and  in  many  of  their  properties,  but  that  the  simi^ 
hrity  runs  through  their  oompoonds  with  aULalioe  substances,  their  salts  re- 
sembling each  o£er  in  chemical  properties,  constitution,  and  form. 


SECTION  XL 

CHLORINE. 

Thb  discovery  of  chlorine  was  made  in  the  year  1774  by  Scheie,  while 
investifating  the  nature  of  manganese,  and  he  described  it  under  the  name 
of  dq^iogUtiemied  marine  acid.  The  French  chemists  called  it  oxygtmxed 
mmriMUe  tfcwi,  a  term  which  was  a  Aerwards  contracted  to  oxy-muriaHe  acid^ 
fiom  an  opinion  proposed  by  Berthollet  tlmt  it  is  a  compound  of  muriatic 
add  and  oxygen.  In  1809  Gay-Lussao  and  Thenard  published  an  abstract 
of  aonie  experiments  upon  this  substance,  which  subsequently  appeared  at 
length  in  their  Recherches  Physioo-Chiniiquea,  wherein  they  stated  that  oxy- 
munatic  acid  might  be  regarded  as  a  simple  body,  though  they  gave  the 
pieferettce  to  the  doctrine  advanced  by  BertboUet  Sir  H.  Davy  engaged  in 
the  inquiry  about  the  same  time;  and  afler  having  exposed  oxy-muriatic 
add  to  the  most  powerful  decomposing  agents  which  chemists  possess, 
without  being  able  to  effect  its  decomposition,  he  communicated  to  the 
Royal  Society  an  essay,  in  which  he  denied  its  compound  nature;  and  he 
maintained  that,  aooording  to  the  true  logic  of  chemistry,  it  is  entitled  to 
rank  with  sim^  bodies.  This  view«  wluch  is  commonly  termed  the  imo 
thearv  of  ekhrine,  though  strongly  objected  to  at  the  time  it  was  first  pro- 
posed,  is  now  universaify  received  by  chemists.  The  grounds  of  preference 
will  hereafter  be  briefly  staled. 

Chlorine  gas  is  obtained  by  the  action  of  hydrochloric  acid  on  peroxide  of 
manganese.  The  most  convenient  method  of  preparing  it  is  hv  mixing 
concentrated  hydrochloric  add,  contained  in  a  glass  flask,  with  half  its 
weiffht  of  finely  powdered  peroxide  of  manganese.  Effisrvesoence,  owing 
to  the  escape  of  chlorine,  takes  place  even  in  we  cold ;  but  the  gas  is  evolved 
much  more  fredy  by  the  application  of  a  moderate  heat  It  should  be  ooU 
lecfed  in  inverted  glass  bottles  filled  with  warm  water ;  and  when  the  water 
is  wholly  displaced  by  the  gas,  the  bottles  should  be  closed  with  a  wen- 
ground  glass  stopper.  As  some  hydrochloric  acid  gas  oommmily  passes 
over  with  it,  the  chlorine  should  not  be  considered  quite  pure,  till  afwr  being 
transmitted  through  water. 

The  theory  of  this  process  will  be  readily  understood  by  first  viewing 
the  elements  which  act  on  each  other,  namely, — 

Manganese    .    37.7orleq.  Mn  Chlorine  .    70.84  or  2  eq.        2C] 

Oiygcn  .16        2eq.  20  Hydrogen       2      orSeq.        2H 

Perox.ofmang.43.7orleq.  Mn+20.  Uydroch.  ac.  72.84  or  2  eq.  2(H+C1) ; 
and  then  inspecting  the  products  derived  from  them,  namely, 

Chloride  of  mang.  63.12         Water       18. 

Incyinbds 

Mn-f  20,  and  2  (H+a)  yield  Mn+Q,  2  (Hrf  O),  and  CI. 
18* 
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The  affinitiaf  which  determine  theee  changes  are  the  mntaal  attraction  of 
ozvffen  and  hydrogen^  and  of  chlorine  and  manganese. 

When  it  is  an  object  to  prepare  chlorine  at  the  che^)est  rate,  as  for  the 
purposes  of  manufacture,  the  preceding  process  is  modified  in  the  following 
manner.  Three  parts  of  sca-salt  are  intimately  mixed  with  one  of  peroxide 
of  manganese,  and  to  this  mixture  two  parte  of  sulphuric  acid,  diluted  with 
an  equd  weight  of  water,  are  added.  By  the  action  of  sulphuric  acid  on 
sea-salt,  hydrochloric  acid  is  disengaged,  which  reacte  as  in  the  former  case 
upon  the  peroxide  of  manganese;  so  that,  instead  of  adding  hydrochlo- 
ric acid  directly  to  the  manganese,  the  materials  for  forming  it  are  em- 
ployed. In  this  process,  however,  the  sulphates  of  soda  and  protoxide  of  maa- 
ganese  are  generated,  instead  of  chloride  of  manganese.  Thus  the  materials 
which  act  on  each  other  are  Mn,  Na  +  CI,  and  SiS ;  and  the  producte  iSin 
-fS^I^a  4.*^;  andCL 

Chlorine  (from  X'^i^^*  g^^^)  "  a  yellowish-green  coloured  gas,  which 
has  an  astringent  taste  and  a  disagreeable  odour.  It  is  one  of  the  most  soil 
focating  of  the  gases,  exciting  spasm  and  ffreat  irritation  of  the  glottis,  eren 
when  considerably  diluted  with  air.  When  strongly  and  suddenly  com- 
pressed,  it  emits  both  heat  and  light,  the  ktter  being  solely  due,  as  in  the 
case  of  air  and  oxygen,  to  the  chlorine  acting  chemically  on  the  oil  with 
which  the  compressing  apparatus  is  lubricated.  (An.  de  Ch.  et  de  Ph.  xliv. 
181.)  According  to  Davy  100  cubic  inches  of  dry  chlorine,  at  30  Bar.  and 
W^  F.  weigh  between  76  and  77  grains.  Gay-Lossac  and  Then&rd  foond 
the  density  of  pure  and  dry  chlorine  to  be  2.47,  which  gives  76.5988  grains 
as  the  weight  of  100  cubic  inches  at  60<^  F.  and  30  Bar.  Under  the  presmire 
of  about  four  atmospheres,  it  is  a  limpid  liquid  of  a  bright  yellow  colour, 
which  does  not  frwte  at  the  temperature  of  zero,  and  which  assumes  the 
gaseous  form  with  the  appearance  of  ebullition  when  the  pressure  is  re- 
moved.   Mr.  Kemp  finds  that  this  liquid  is  a  non-conductor  of  electricity. 

Cold  recently  boiled  water,  at  the  common  pressure,  absorbs  twice  ite  vol- 
ome  of  chlorine,  and  yields  it  again  when  heated.  The  solution,  whidi  is 
made  by  transmitting  a  current  of  chlorine  gas  through  cold  water,  has  the 
colour,  taste,  and  most  of  the  other  properties  of  the  gas  itself.  When  moist 
chlorine  ra  is  exposed  to  a  cold  of  32<^,  yellow  crystals  are  formed,  which 
consist  of  water  and  chlorine  in  definite  proportions.  They  arc  composed, 
according  to  Mr.  Faraday,  of  35.43  parte  or  one  equivalent  of  chlorine,  and  90 
parte  or  ten  equivalente  of  water. 

Chlorine  experiences  no  chemical  chance  from  the  action  of  the  impon- 
derables. Thus  it  is  not  affected  chemically  by  intense  heat,  by  strong 
shocks  of  electricity,  or  by  a  powerful  galvanic  battery.  Davy  exposed  it 
also  to  the  action  of  charcoal  heated  to  whiteness  by  galvanic  electricity, 
without  separating  oxygen  from  it,  or  in  any  way  ufecting  ite  nature. 
Light  does  not  act  on  dr^  chlorine ;  but  if  water  be  present,  the  chlorine  de- 
composes that  liquid,  unites  with  the  hydrogen  to  form  hydrochloric  acid, 
and  oxygen  gas  is  set  at  liberty.  This  change  tekes  place  quickly  in  son- 
shine,  more  slowly  in  diffused  daylight,  and  not  at  all  when  light  is  wholly 
exdoded.  Henoe  the  necessity  of'^keeping  moist  chlorine  gas,  or  ite  solotion, 
in  a  dark  place. 

Chlorine  unites  with  some  snbstenccs  with  evolution  of  heat  and  light, and 
is  henoe  termed  a  supporter  of  combustion.  If  a  Ughted  taper  be  plunged 
into  chlorine  |ras,  it  bums  for  a  short  time  with  a  small  red  flame,  and  emite 
a  large  quantity  of  smoke.  Phosphorus  takes  fire  in  it  spontaneously,  and 
bums  with  a  pide  white  light  Several  of  the  metals,  such  as  tin,  copper, 
arsenic,  antimony,  and  zinc,  when  introduced  into  chlorine  in  the  state  of 
powder  or  in  fine  leaves,  are  suddenly  inflamed.  In  aH  these  cases  the  oom^ 
bostible  substances  unite  with  chlorine. 

Chlorine  has  a  very  powerful  attraction  for  hjdiogen ;  and  many  of  t 
chemical  phenomena,  to  which  chlorine  gives  nse,  are  owing  to  this  f 
perty.    A  striking  example  is  ite  power  of  decomposing  water  I17  the  act 
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of  lifffat,  or  at  a  red  heat;  and  moat  compotmd  lubataiicea,  of  which  hydro- 
gen is  an  element,  are  deprired  of  that  principle,  and,  therefore,  decompoaed 
m  like  manner.  For  the  aame  reason,  when  chlorine,  water,  and  Bome  other 
body  which  has  a  strong  affinity  for  oxygen,  are  presented  to  one  another, 
waler  is  nsoaUy  resolYed  into  its  dements,  its  hydrogen  attaching  itself  to 
the  chlorine,  and  its  oxygen  to  the  other  bock'.  Hence  it  happens  that  chlo- 
rine is,  indirectly,  one  of  the  most  powerwl  oxidising  agents  which  wo 


When  an^  compound  of  chlorine  and  an  inflammable  b  exposed  to  the 
inflnence  of  galvanism,  the  inflammable  bodygoes  oyer  to  the  negative,  and 
chlorine  to  the  positive  pole  of  the  battery.  This  establishes  a  close  analogy 
between  oxygen  and  chlorine,  both  of  them  being  supporters  of  combustion, 
and  both  negative  electrics. 

Chlorine,  though  formerly  called  an  acid,  possesses  no  acid  properties.  It 
fans  not  a  sour  tsste,  does  not  redden  the  blue  colour  of  plants,  and  shows 
comparatively  little  disposition  to  unite  with  alkalies.  Its  strong  affinity  for 
the  metals  ia  sufficient  to  prove  that  it  is  not  an  acid ;  for  chemists  are  hot 
acquainted  with  any  instance  of  an  acid  combining  directly  in  definite  pro- 
portioD  with  a  mctaL 

The  mutual  action  of  chlorine  and  the  pore  alkalies  leads  to  complicated 
changes.  If  chlorine  gas  be  passed  into  a  solution  of  potassa  till  all  alkaline 
reaction  cease,  a  liquid  is  obtained  which  has  the  odour  of  a  solution  of  chlo- 
rine  in  water.  But  on  applying  heat*  the  chlorine  disappears  entirely,  and 
the  eolation  is  found  to  contain  chlorate  of  potassa  and  chloride  of  potas- 
sium.  From  six  equivalents  of  chlorine  and  six  eq.  of  potassa  are  obtained 
five  eo.  of  chloride  of  potassiam  and  one  eq.  of  chlorate  of  potassa,  the  oxy- 
gen of  five  eq.  of  potassa  just  sufficing  to  form  chloric  acid  with  one  eq.  of 
chlorine ;  or,  stating  the  same  in  symbols, 

GQ  and  6(K4.0)  yield  5(K4.a),  K+0,  and  CI  +50. 

One  of  the  most  important  properties  of  chlorine  is  its  bleaching  power. 
All  animal  and  vegetable  colours  are  speedily  removed  by  chlorine ;  and 
when  the  colour  is  once  discharged,  it  can  never  be  restored.  Davy  proved 
that  chlorine  cannot  bleach  unless  water  is  present  Thus  dry  litmus  paper 
sofileri  no  cfaaoge  in  dry  chlorine ;  but  when  water  Lb  admitted,  the  colour 
speedily  disappears.  It  is  well  known  also  that  hydrochloric  acid  is  always 
^crated  when  chlorine  bleaches.  From  these  facts  it  is  inferred  that  water 
IS  decomposed  during  the  process ;  that  its  hydrogen  unites  with  chlorine, 
and  Uiat  decomposition  of  the  colouring  matter  is  occasioned  by  the  oxygen 
winch  is  liberated.  The  bleaching  property  of  binoxide  of  hydrogen  and  c^ 
diromic  and  permanganic  acids,  of  which  oxygen  is  certainly  the  deeolorix> 
ing  principle,  leaves  little  doubt  of  the  accuracy  of  the  foregoing  explanation. 

Chlorine  is  usefol,  Ufcewise,  for  the  purposes  of  fumigation.  The  cxpe- 
rienoe  of  Guyton-Morveau  is  sufficient  evidence  of  its  power  in  destroying  the 
volatile  principles  given  off  by  putrefying  animal  matter;  and  it  probably  acts 
m  a  similar  way  on  contas^ous  effluvia.  A  peculiar  compound  of  chlorine 
and  soda,  the  nature  of  which  will  be  considered  in  the  section  on  sodiam, 
has  been  lately  introduced  for  this  purpose  by  M.  Labarraoue. 

Chlorine  is  in  general  easily  recognized  by  its  colour  and  odour.  Chemi- 
eafly  it  may  be  detected  by  its'  bleaching  property,  added  to  the  circum- 
stance that  a  solution  of  nitrate  of  oxide  of  silver  occasions  in  it  a  dense 
white  precipitate  (a  compound  of  chlorine  and  metallic  silver),  which  be- 
oomes  dark  on  exposure  to  light,  is  insohible  in  acids,  and  dissolves  com- 
pletely in  pure  ammonia.  The  whole  of  the  chlorine,  however,  is  not  thrown 
down ;  for  the  oxy^n  of  the  oxide  of  silver  unites  with  a  portion  of  chlo- 
rine, and  conyerts  it  into  chloric  add. 

Those  compoands  of  chlorine,  which  are  not  acid,  are  termed  ehlwidei  or 
dUomrels.    The  former  expression,  from  the  analogy  between  chlorine  and 
,  is  perhaps  the  more  appropriate. 
tUos  inforred  the  equivalent  of  chlorine  from  the  oxygen  loot  by  chlo- 
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rmte  of  potaan  when  deeompoa^  by  heat,  and  the  quantity  of  chlorine  (band 
in  the  retidoal  chloride  of  potaeeiam.  I  investtufated  the  same  aubject  by 
ezamining'  into  the  compoeition  of  the  nitrate  of  the  oxide  and  chloride  of 
■ilver,  of  the  protoxide  and  chloride  of  lead,  and  of  the  peroxide  and  chlo- 
ridea  of  mercury.  Theae  rcaearchea  ooncur  in  ahowin^  35.43  to  be  the  equi- 
valent of  chlorine,  and  not  36)  the  number  commonly  adopted  in  thia  coun- 
try. The  number  inferred  ftom  the  denaitiea  of  chlorine  and  hydrogen 
gaaea  is  35.84  (paffo  146) ;  but,  unfortunately,  the  densities  of  these  gases 
are  not  known  wiui  the  precision  required  for  an  application  of  this  nature. 
The  composition  of  the  compounds  described  in  this  section  is  as  follows: 


Hydrochloric 

acid 
Protoxide  of 

chlorine 
Peroxide  of 

chlorine 
Chloric  acid 
Perchloric  acid* 
Qoadrochloride 

of  nitro^n 
Protochloride  of 

carbon 
}  Chloride  of 

carbon 
Dichloride  of     i 

carbon  i 

Perchloride  of    i 

carbon  i 

Dichloride  of    i 

sulphur  I 

Protochloride      i 

of  sulphur       I 
Sesquichloride    i 

of  phosphorus  < 
Perchloride  of    i 

phosphorus     < 
Chlorocarbonic  i 

acid  gas 

Chloral 

Terchloride 
of  boron 


Chlorine. 
35.42 


35.43 
35.43 

;  14L68 


6.12 


1  eq.-l- Hydrogen  1 
+Oxygen      8 

+I>itto        32 

+  Ditto         40 
4- Ditto        56 

4  eq.+Nitrogen  14.15 
1  eq.-f-Carbon 
5eq.-f.Ditto 
1  eq.+Ditto 
3eq.-fDitto 
1  eq.-f-^phur 
1  eq.+Ditto 
3eq.-fPhosph. 

5  eq.+Ditto 


leq.: 
leq. 


Equiv.  Formulm. 
r  36.43    H+Cl 


43.43 


4eq.r»  67.43 

5eq.»  75.42 
7  eq.»  91.43 

1  eq.sl55.83 


Cl+O 

C1+40 

C1+50 
C1+70 

N+4C1 

c+a 


1  eq.»  41.54 

34.48  4eq.«s301.58    4C+5a 

13J34  3  eq.»  47.66     2C+a 

3  eq.»   118.5  3C+3C1 

3eq.==   67.63     3S+a 

leq.=   51.53       S+a 

3  eq.a  137.66  3P+3a 

3eq.=y:   208.5  2P+5a 

49.54 


13.34 

33.3 

16.1 

31.4 

31.4 


5.43     1  eq.+Carb.  ox.  14.13  1  eq^   49.54     Cf  a 

1 10656     3eq.+Boron       10.9    1  eq.=    117.16    B+SCl 

Hydrochlone  Acid, — A  concentrated  aqueous  solution  of  this  acid  has 
been  long  known  under  the  names  of  spirit  of  salt,  and  of  marine  or  mnriatio 
acid ;  but  in  its  purer  form  of  gas,  it  was  discovered  in  1773  by  Dr.  PriesU 
ley.  It  may  bo  conveniently  prepared  by  potting  an  ounce  of  strong 
hydrochloric  acid  solution  into  a  firlass  flask,  and  heating  it  by  means  of  a 
lamp  till  the  liquid  boils,  when  the  gas  is  freely  evolved,  and  may  be  col. 
looted  over  mercury.  Another  method  of  preparing  it  is  by  the  action  of 
concentrated  sulphuric  acid  on  an  equal  weight  of  sea-salt.  Brisk  effervee- 
cenoe  ensues  at  the  moment  of  making  the  mixture,  and  on  the  application 


•  Oxyehhrie  would  be  a  more  appropriate  appellation  fiw  this  acid,  as  its 
adoption  wouW  prevent  all  ambiguity  in  naming  its  salts.  This  name  I  prd- 
posed  for  it  in  1819,  in  my  System  of  Chemistry  for  Students  of  Medicine ; 
and  It  may  be  inferred  that  it  has  the  sanction  of  fienelius.  as  be  emnlorB 
It  in  his  TraiU  de  Chimie.^Ed,  '^^ 
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WiieKt,  a  Imrge  qoantitf  of  hydrocbloric  acid  gu  ia  diienga^.  In  the  fbnner 
pffPcaM,  hydrochloric  acid,  previously  diotolved  in  witer,  u  simply  expelled 
from  the  adution  by  heat  The  explanation  of  the  latter  procen  ia  more 
eomplicated.  Sea-aalt  was  formerly  supposed  to  be  a  compound  of  hydro- 
chloric acid  and  soda ;  and,  on  this  supposition,  the  soda  was  belicTed  merely 
to  quit  the  hydrocliloric  and  unite  with  sulphuric  acid.  But  the  researches 
of  GayXussac,  Thenard,  and  Davy  proved  that  it  consists  of  chlorine  and 
aodinm  combined  in  the  ratio  of  their  equivalents.  The  nature  of  its  action 
with  sulphuric  acid  will  be  understood  by  comparing  the  elements  concerned 
in  the  change  before  and  ailer  it  has  occurred . — 

BfdroatSalp  Aeid.       Chloride  ofSodiain.       8ulp.of8oda.  Hydrochloric  Acid. 

Real  add         401      Chlorine  35.42 11  Acid  40.1    Chlorine    35.42 

^•**^5oS:8        Sodium  233    ||8odajS^y      ^3.3    ^^^^^^     ^ 

Or  in  symbols, 

(S+-30H-(H+0),  and  Na+Cl,  yield  (Na+0)+(S-|-30),  and  H+Q. 

Thos  it  appears  that  single  equivalents  of  water,  sulphuric  acid,  and 
diloride  of  sodium,  yield  sulphate  of  soda  and  hjrdrochloric  acid.  The 
water  of  the  sulphuric  acid  is  essential ;  so  much  so,  indeed,  that  chloride  of 
sodium  is  not  decomposed  at  all  by  anhydrous  sulphuric  acid. 

Hydrochloric  acid  may  be  generated  by  the  direct  union  of  its  elements. 
When  equal  measures  of  chlorine  and  hydrogen  are  mixed  together,  and  an 
electric  spark  is  passed  through  the  mixture,  instantaneous  combination 
takes  place,  heat  and  lifht  are  emitted,  and  hydrochloric  acid  ia  generated. 
A  similar  effisct  is  produced  by  flame,  by  a  red-hot  body,  and  by  spongy 
platinum.  Light  also  causes  them  to  unite.  A  mixture  of  the  two  gases 
msy  be  preserved  without  change  in  a  dark  place ;  but  if  exposed  to  the 
dimised  light  of  day,  gradual  combination  ensues,  which  ia  completed  in 
the  coarse  of  24  hours.  The  direct  solar  rays  produce,  like  flame  and 
electricity,  sudden  inflammation  of  the  whole  mixture,  accompanied  with 
explosion ;  and,  according  to  Mr.  Brande,  the  vivid  li^ht  emitted  by  charcoal 
intensely  heated  by  galvanic  electricity  acts  in  a  similar  manner* 

The  experiments  of  Davy,  and  Gay-Lussae  and  Thenard  concur  in 
proving  that  hvdroffen  and  chlorine  gases  unite  in  equal  volumes,  and  that 
the  hydrochlonc  aeid,  which  is  the  sole  and  constant  product,  occupies  the 
same  space  as  the  gases  from  which  it  is  formed.  From  theae  fiicts  tha 
composition  of  hydrocbloric  acid  is  easily  inferred.    Fori  as 

Grains. 
50  cubic  inches  of  chlorine  weigh  38J2994 

50  hydrogen  1.06»3 

100  cubic  inches  of  muriatic  add  gas  must  weigh     39.3677 

nicse  numbers  are  nearly  in  the  ratio  of  1  to  35.42,  bein?  that  of  single 
equivalents  of  chlorine  and  hydrogen,  as  ststed  at  page  14£  The  specific 
grarity  of  hydrochloric  acid  gas  ralculated  from  the  same  facts  (page  148) 
m  1.2o94,  which  a^ees  closely  with  direct  observations. 

Hydrochloric  acid  gas  is  colourless,  and  has  a  pungent  odonr  and  an  acid 
taste.  ^  Under  a  pressure  of  40  atmospheres,  and  at  the  temperature  of  50^, 
it  is  liquid.  It  m  quite  irrespirable,  exciting  violent  spasm  of  the  glottis ; 
but  when  diluted  with  air,  it  is  far  less  irritating  than  chlorine.  All  burn- 
ing bodies  are  extinguished  by  it,  nor  is  the  gas  itself  inflammable. 

Hydrochloric  acid  gas  is  not  chemically  changed  by  mere  beat  It  is 
readily  decomposed  by  galvanism,  hydrogen  appearing  at  the  negative,  and 
chlorine  at  the  positive  pole.  It  is  also  decornposed  by  ordinary  electricity. 
The  decomposition,  however,  is  incomplete ;  for  though  one  electric  spark 
resolves  a  portion  of  the  gas  into  its  elements,  the  next  shock  in  a  great 
measure  effects  their  reunion.  It  is  not  aflTected  by  oxygen  under  common 
dreamatancea ;  but  if  a  mixture  of  oxygen  and  hydrochloric  acid  gases  is 


914 


OHLORIKE. 


dflctrified,  the  oxygen  nnitaB  with  the  hydrogen  of  the  wsid  to  ftrm  wifer, 
and  chlorine  is  set  at  liherty^  For  thu  and  the  preceding  &ct,  we  are 
indebted  to  the  researches  of  Dr.  Henry. 

One  of  the  most  striking  properties  of  hydrochloric  acid  gas  is  its  power', 
fbl  attraction  for  water.  A  dense  white  doud  appears  whenever  it  escapes 
into  the  air,  owing  to  its  combining  with  the  aqaeous  mpour  of  the  atmo- 
sphere. When  a  piece  of  ice  is  put  into  a  jar  full  of  the  gas  confined  over 
mercory,  the  ice  liqaefies  on  the  instant*  and  the  whole  of  Uie  e«s  disappears 
in  the  course  of  a  few  seconds.  On  opening  a  long  wide  jar  <»  hydrochloric 
acid  gas  under  water,  the  absorption  of  the  gas  tiuces  place  so  instantane- 
ously, that  the  water  is  forced  up  into  the  jar  with  the  same  violence  as  into 
a  vacuum. 

Hydrochloric  acid  is  much  used  in  the  form  of  a  concentrated  aqueons 
solution,  which  is  made  by  transmitting  a  current  of  the  gas  into  water  as 
long  as  any  of  it  is  absorbed.  Considerable  increase  of  temperature  takes 
{dace  during  the  absorption,  and,  therefore,  the  apparatus  should  be  kept 
eool  by  ice.  Davy  states  (Elements,  p.  252.)  that  water  at  the  temperature 
of  40^  absorbs  480  times  its  volume  of  the  gas,  and  that  the  solution  has  a 
density  of  1J3109.  Dr.  Thomson  finds  that  one  cubic  inch  of  water  at  69^ 
absorbs  418  cubic  inches  of  gas,  and  occupies  the  space  of  134  cubic  inch. 
The  solution  has  a  density  of  1.1958,  and  one  cubic  inch  of  it  contains 
311.04  cubic  inches  of  hydrochloric  acid  gas.  The  quantity  of  real  acid 
contained  in  solutions  of  different  densities  may  be  determined  by  ascertain- 
ing the  quantity  of  pure  marble  dissolved  by  a  given  weight  of  each.  Every 
50.62  grains  of  marble  correspond  to  36.42  of  real  acid.  The  following 
table  firom  Dr.  Thomson^s  ''Principles  of  Chemistry,**  is  constructed  accord- 
ing to  this  rule*  The  first  and  second  cdumns  show  the  atomic  constitution 
of  each  acid. 

TbUe  exhibUing  the  Specific  Oratity  o/  Muriai^  Add  of  dderminaU 

Sirengtkc. 


Atoms 

Atoms 

Real  acid  in  100 

Specific 

Atoms 

AtomB 

Real  acid  in  100 

Specific 

of  acid. 

ofWater. 

ofttie  liquid. 

Gravity. 

of  acid. 

ofwater. 

of  tbe  liquid 

Gravity. 

6 

40.659 

1.203 

14 

22.700 

1.1060 

7 

37.000 

1.179 

15 

21.512 

1.1008 

8 

33.945 

1.162 

16 

20.442 

1.0960 

9 

31.346 

1.149 

17 

19.474 

1.0902 

10 

29.134 

1.139 

18 

18.590 

1.0860 

11 

27iM)6 

i.isa5 

19 

17.790 

1.0820 

12 

25.517 

1.1197 

20 

17.051 

1.0780 

13 

24.026 

1.1127 

All  the  JRharmacopGcias  give  directions  for  forming  hydrochloric  acid. 
The  process  recommended  by  the  Edinburgh  College  is  practically  good. 
The  proportions  they  recommend  are  equal  weights  of  sea-salt  water,  and 
salpburic  acid,  more  acid  being  purposely  employed  than  is  sufficient  to 
form  a  neutral  sulphate  with  tbe  soda,  so  that  the  more  perfect  decompo- 
sition of  the  sea-salt  may  be  ensured.  The  acid,  to  prevent  too  violent 
efl^rvescence  at  first,  is  mixed  with  one-tliird  of  the  water,  and  whcjfl  the 
mixture  has  cooled,  it  is  poured  upon  the  salt  previously  introduced  into  a 
glass  retort  The  distillaUon  is  continued  to  dryness ;  and  the  gas,  as  it 
escapes,  is  conducted  into  the  remainder  of  the  water.  The  theory  of  the 
process  has  already  been  explained.  The  residue  is  a  mixture  of  sulphate 
and  bisulphate  of  soda.  The  specific  gravity  of  the  acid  obtained  by  this 
process  is  1.170. 

Hydrochloric  acid  of  commerce  has  a  yellow  colour,  and  is  alwapre  impore. 
Its  usual  impurities  are  nitric  acid,  sulphuric  acid,  and  oxide  of  iron.    The 
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pratenoe  of  nitric  acid  mar  be  inferred  if  the  hydrochloric  acid  has  the 
property  cmT  diainlfing  gold-leaf.  Iron  may  be  detected  by  ferrocyannret  of 
potuaiuiD,  and  ■olphnric  acid  by  chloride  of  barium,  the  suapected  hydro- 
chloric acid  being  prerioody  diluted  with  three  or  four  parta  of  water.  The 
preeenoe  of  nitric  acid  is  prorided  a|^in8t  by  igniting  the  aea-salt,  as  recom- 
mended by  the  Edinburgh  College,  in  order  to  decompose  anv  nitre  which  it 
may  contain.  The  other  imporitiea  may  be  avoided  by  employing  Wonlfe*s 
Apparatus.  A  few  drachms  of  water  are  put  into  the  first  bottle  to  retain 
te  diloride  of  iron  and  sulphnric  acid  which  pass  orer,  and  the  hydrochloric 
add  gas  is  condensed  in  the  second. 

A  strong  solution  of  pore  hydrochloric  acid  is  a  coknirless  liquid,  which 
emlta  white  mpoors  when  exposed  to  the  air,  b  intensely  sour,  reddens 
fitraus  paper  strongly,  and  neutralizes  alkalies.  It  combines  with  water  in 
efery  proportion,  and  causes  increase  of  temperature  when  mixed  with 
it,  thooffh  in  a  much  leas  degree  than  sulphuric  acid.  It  freezes  at  — 60^  F. ; 
and  boik  at  110^,  or  a  little  higher,  giving  off  pure  hydrodilortc  acid  gas  in 
laiwe  ^iiantities. 

Hydrochloric  add  is  decomposed  by  sahstanoee  which  yield  oxygen  rea* 
djfy.  Thus  several  peroxides,  such  as  those  of  man^fanese,  cobalt,  vad  lead, 
efleet  its  decompos&ion.  Chloric,  iodic,  bromie,  nitric;  and  aelenie  adds  act 
on  the  same  prindple.'  A  mixture  of  nitric  and  hydrochloric  acids,  in  ihm 
latio  of  one  measure  of  the  former  to  two  of  the  latter,  has  lon^  been  known 


r  the  name  of  aqtui  regim^  as  a  solvent  for  gold  and  pktmnm.  Whstt 
tlMse  acids  are  mixed  togeuer,  the  sdutioa  instantly  becomes  yellow ;  ami 
Qo  heating  the  mixture,  pure  chlorine  is  evolved,  and  the  colour  of  the  solo- 


i  deepens.  On  continuing  the  heat,  chlorine  and  nitrons  add  vapoufp 
are  disengaged.  At  length  the  evdution  of  chkirine  ceases,  and  the  remdoal 
liquid  is  found  to  be  a  sdutioo  of  hydrochloric  and  nitrous  acids,  which  4o 
incaoable  of  dissolving  gokL  The  explanation  of  these  focts  is,  that  nitric 
and  hydrochloric  acids  decompose  one  another,  giring  rise  to'the  prodnetioa 
of  water  and  nitrotis  add,  and  the  separation  of  chlorine ;  while  hydro- 
chkiric  and  nitrous  acids  may  be  heated  together  without  mutual  decompo- 
•ition.  It  is  hence  mferred  that  the  power  of  nttro-hydrochloric  add  in 
dissolving  gold  ia  owing  to  the  chlorine  which  Lb  liberated.  (Davy  in  the 
Quarterly  ^^raal,  vol.  i.) 

Hydrochloric  add  is  distinguished  by  its  odour,  volatility,  snd  strong  add 
properties.  With  nitrate  of  oxide  of  silver  it  yields  the  same  precipitate  as 
cUoriae;  hot  no  chloric  acid  is  generated,  because  the  oxygen  of  toe  oxide 
of  silver  unites  with  the  hydrogen  of  the  hydroohloric  acid,  and  the  chlorine 
in  opnseqncnoe  is  entirely  precipitated.  Notwithstanding  that  nitrate  of 
oxide  of  ailver  yielda  the  same  precipitate  with  chlorine  and  hydrochlorie 
add,  there  is  no  difficulty  in  distinguishing  between  them;  for  the  bleaching 
profMBrty  of  the  former  is  a  sure  ground  of  distinctioiu 

COMPOUNDS  OF  CHLORINE  AND  OXYGEN. 

The  leading  character  of  these  compounds  is  derived  from  tlie  drcon- 
stance  that  chlorine  and  oxygen,  the  attraction  of  which  for  moat  demon* 
tary  substances  is  so  energetic,  have  but  a  foeUe  affinity  for  each  other. 
These  prindples,  oonseqnently,  are  never  met  with  in  nature  in  a  state  of 
oombinatioo.  Indeed*  they  cannot  be  made  to  combine  directly ;  and  when 
they  do  unite,  very  alight  causes  effect  their  separation.  Chemists  ace  not 
agreed  as  to  the  exact  number  of  the  compounds  of  chlorine  and  oxygen. 
Tiie  subjoined  list  contains  those  which  hitherto  have  been  generally  ad- 
mitted; but  the  exintence  of  the  first  is  very  probleBiatiGa],  while  some 
ennmerale  a  fifth  under  the  name  of  ehlonmt  aeia. 
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By  Weight. 

By  Volome. 

Protoxide  of  chlorine 
Peroxide  of  chlorine 
Chloric  acid    . 
Perchloric  acid 

Chi.     Oxy. 
.    35.42    .     8    . 
.    35.42    .   32 
.    35.42    .   40    . 
.    35.42    .   56 

ChL      Oxy. 
.2.1 

2      .     4 
.2.5 

2      .     7 

According  to  the  practice  of  most  British  >chemist8  two  ▼olumea  of  chlo- 
rue,  as  also  two  volumes  of  hydrogen  and  of  nitrogen,  are  considered  as 
respectively  corresponding  to  one  equivalent  or  one  atom;  whereas  one 
volume  of  oxygen  corresponds  to  one  equivalent  Berzdius,  with  many 
continental  chemuts,  considering  the  atoms  of  all  elements  to  possess  the 
same  volume,  regards  the  four  preceding  compounds  as  composed  of  two 
atoms  or  two  equivalents  of  chlorine  combmed  with  one,  four,  five,  and  seven 
atoms  or  equivalents  of  oxygen. 

PnOoxidt  of  Chlorine, — ^This  gas  was  discovered  in  1811  by  Davy,  and 
was  described  by  him  in  the  Philosopbical  Transactions  ibr  that  year  under 
the  name  of  euehlorine.  It  is  made  by  the  action  of  hydrochloric  acid  on 
chlorate  of  potassa ;  and  its  production  is  explicable  by  the  fact,  that  hydro- 
chloric and  chloric  acids  mutually  decompose  each  other.  When  hydro- 
chloric add  and  chlorate  of  potassa  are  mixed  together,  more  or  less  oo*  the 
potassa  is  separated  by  the  hydrochloric  from  the  chloric  acid,  and  the  latter 
bein^  set  free  reacts  on  free  hydrochloric  acid.  The  result  depends  on  the 
relative  quantities  uf  the  materials.  If  hydrochloric  acid  be  in  excess,  the 
chloric  acid  undergoes  complete  decomposition.  For  each  equivalent  of 
chloric,  five  eq.  of  hydrochloric  acid  are  decomposed :  the  five  eq.  of  oxy^n, 
contained  in  the  former,  unite  with  the  hydrogen  of  the  latter,  producing 
£we  eq.  of  water;  while  the  chlorine  of  both  acids  is  disengaged.  If,  on  the 
contrary,  chlorate  of  potassa  is  in  excess,  the  chloric  acid  is  deprived  of 
part  of  ita  oxygen  only ;  and  the  producta  are  water,  protoxide  of  chlorine, 
and  chlorine,  the  two  latter  escaping  in  the  gaseous  form.  The  best  pro- 
portion of  the  ingredienta  is  two  parte  of  chlorate  of  potassa,  one  of  strong 
hydrochloric  acid,  and  one  of  water;  and  the  reaction  of  the  materials 
should  be  promoted  by  heat  sufficient  to  produce  moderate  efiervescence. 
The  gases  should  be  collected  over  mercury,  which  combines  with  the  chlo- 
rine, and  leaves  the  protoxide  of  chlorine  in  a  pure  state. 

Protoxide  of  chlorine  has  a  yellowish-green  colour  similar  to  that  of 
chlorine,  but  considerably  more  brilliant,  which  induced  Davy  to  give  it  the 
name  of  evchlarine.  Ita  odour  is  like  that  of  burned  sugar.  Water  dis- 
solves eight  or  ten  times  ita  volume  of  the  gas,  and  acquires  a  colour  ap- 
proaching to  orange.  It  bitches  vegetable  substances,  but  gives  the  blue 
colours  a  tint  of  red  before  destroying  them.  It  does  not  unite  with  alka- 
lies,  and,  therefore,  is  not  an  acid. 

Protoxide  of  cidorine  is  explosive  in  a  high  degree.  The  heat  of  the 
hand,  or  tlie  pressure  occasioned  in  transferring  it  from  one  vessel  to 
another,  sometimes  causes  an  explosion.  This  effect  is  also  occasioned  by 
phosphorus,  which  bursta  into  flame  at  the  moment  of  immersion.  Au 
burning  lx>dies,  by  their  heat,  occasion  an  explosion,  and  then  burn  vividly 
in  the  decomposed  gas.  With  hydrogen  it  forms  a  mixture  which  explodes 
by  flame  or  the  electric  spark,  with  production  of  water  and  hydrochloric 
acid.  The  best  proportion  is  fifty  measures  of  protoxide  of  chlorine  to 
ei(^ty  of  hydrogen. 

Protoxide  of  chlorine  is  easily  analyzed  by  heating  a  known  quantity  of  it 
in  a  strong  tube  over  mercury.  An  explosion  takes  place ;  and  50  measures 
of  the  gas  expand  to  60  measures,  of  which  20  are  oxygen,  and  40  chlorine. 
From  this  it  wss  considered  to  contain  single  equivalenta  of  chlorine  and 
oxygen.  But  most  chemista  have  regai^ted  the  existence  of  euchlorine  as 
pr^ematical,  suspecting  it  to  be  a  mere  mixture  of  chlorine  with  the  per- 
oxide of  chlorine ;  end  M.  Sonbeiras,  supposing  his  experimento  correct. 
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ku  ptoved  this  fluspicion  to  be  well  fiianded.  He  finds  tbat  euchlorine  it- 
ielf  acts  on  mercary,  and,  therefore,  cannot  be  purified  by  its  means.  He 
efieeted  its  |niii6cation  by  transmittiov  the  gas  through  a  tube  nearly  fiUl  of 
cakunel,  which  absorbed  the  free  chbrine  only ;  and  on  Bubseqgently  ex- 
ploding the  oxide  of  chlorine  thus  purified,  he  obtained  one  volume  of  chlo- 
rine to  two  volames  of  oxygen,  being  the  precise  composition  of  the  per- 
Oixide.  The  confirmation  of  these  roaults  will  cause  the  remoyal  of  euchlo- 
rine from  the  list  of  definite  compounds.  (An.  de  Ch.  et  de  Ph.  xlviii. 
lia) 

Peroxide  of  ChUnrine. — ^This  compound  was  discovered  by  Davy  in  1815 
(PbiL  Trans.),  and  soon  after  by  Count  Stadion  of  Vienna.  It  is  formed  by 
the  action  of  sulphuric  acid  on  chlorate  of  potassa.  A  quantity  of  this 
salt  not  exceeding  50  or  60  grains,  is  reduced  to  powder,  and  made  into 
a  paste  by  the  addition  of  strong  sulphuric  acid.  The  mixture,  which  ac- 
quires a  deep  yellow  colour,  is  placed  in  a  glass  retort,  and  heated  by  warm 
water,  the  temperature  of  which  ie  kept  under  213^  F.  A  bright  ^cllowisb- 
green  gas  of  a  still  richer  colour  than  protoxide  of  chlorine  \a  disengaged, 
which  has  an  aromatic  odour  without  any  smell  of  chlorine,  is  absorbed 
npodJy  by  water,  to  which  it  communicates  its  tint,  and  has  no  sensible 
action  on  mercury.    This  gas  is  peroxide  of  chlorine. 

The  chemical  changes  which  take  place  in  the  process  are  explained  in 
the  following  manner.  The  sulphuric  acid  decomposes  some  of  the  chlorate 
of  potassa,  and  sets  chloric  acid  at  liberty.  The  chloric  acid,  at  the  mo- 
ment of  separation,  resolves  itself  into  peroxide  of  chlorine  and  oxygen ; 
the  last  of  which,  instead  of  escaping  as  free  oxygen  gas,  goes  over  to  the 
scid  of  some  undecomposed  chlorate  of  potassa,  and  converts  it  into  per- 
chloric acid.  The  whole  products  are  bisulphate  and  pcrchlorate  of  potassa, 
and  peroxide  of  chlorine.  It  is  most  probable,  from  the  data  contained  in 
the  preceding  table,  that  every  three  equivalents  of  chloric  acid  yield  one  eq. 
of  perchloric  acid  and  two  eq.  of  peroxide  of  chlorine. 

reroxide  of  chlorine  does  not  unite  with  alkalies.  It  destroys  most  vege- 
table blue  colours,  without  previously  reddening  them.  Phosphorus  takes 
fire  when  introduced  into  it,  and  occasions  an  explosion.  It  explodes  vio- 
Jently  when  heated  to  a  temperature  of  2109,  emits  a  strong  light,  and  im- 
derg'oes  a  greater  expansion  than  protoxide  of  chlorine.  According  to 
Bary,  whose  result  is  confirmed  by  Gay-Lussac,  40  measures  of  the  gas 
oocnpy  ailer  explosion  the  space  of  60  measures ;  and  of  those,  20  are  chlo- 
rine and  40  oxygen.  The  peroxide  is,  therefore,  composed  of  35.42  parts 
or  one  equivalent  of  chlorine,  united  with  32  or  four  eq.  of  oxygen  ;  and  its 
density  must  be  2.3374. 

Ckiaroua  Acid, — ^When  chlorufie  acts  on  a  weak  solution  of  the  pure  alka- 
lies, or  on  the  slkaline  eartiis  in  the  state  of  hydrates,  a  bleaching  substance 
is  procured  which  has  been  commonly  viewed  as  a  direct  compound  of  chlo- 
rine and  an  alkaline  base,  fierzelius,  however,  contends  that  these  com- 
poands  consist  of  a  base  in  union  with  ehlorout  acid,  which  he  believes  to 
be  idenUcal  with  the  peroxide  of  chlorine.  The  reason  why  peroxide  of 
chlorine,  acting  directly  on  an  alkali,  does  not  combine  with  it,  is  said  to  be 
Jta  conversion  into  chloric  acid,  while  a  metallic  chloride  is  formed;  but 
when  chlorine  acts  on  an  alkali,  a  chlorite  and  chloride  are  thought  to  be 
generated.  The  bloaching  property  of  a  dilorite  is  attributed  to  its  oxy^n, 
a  ehkvide  being  formed  at  the  same  time.  Soobeiran  supports  this  view 
with  some  strong  fiicts,  though  part  of  his  reasoning  appears  to  me  fallo- 
cioos.  He  also  assigns  to  chlorous  acid  only  three  equivalents  of  oxygen, 
thai  is,  a  smaller  quantity  than  is  possessed  by  the  peroxide.  On  the  whde, 
I  see  no  sufficient  reason  to  reject  the  opinion  hitherto  entertained  concern 
ing  the  nature  of  the  bleaching  oompoonds. 

CUorie  ilcid^— When  to  a  dilute  solution  of  chlorate  of  baryta,  a  qnanti^ 
of  weak  sulphuric  add,  exactly  sufficient  for  combining  with  the  baryta,  is 
added,  the  insoluble  sulphate  of  baryU  subsides,  and  pure  chloric  acid  is. 
JBSUM  m  the  liquid.    This  acid,  the  existence  of  which  was  originally  oh- 

19 


918  ORLOBIKI. 

Barred  by  Mr.  Chenevix,  was  first  obtained  in  a  sepamte  state  by  Gay* 


Chloric  acid  reddens  Teifetable  blue  colours,  has  a  soar  taste,  and  forma 
neutral  salts,  called  chlorateM^  (formerly  kyperoxymuriatet)^  with  alkaline 
bases.  It  possesses  no  bleaching^  properties,  a  circumstance  by  which  it  is 
distin^isbed  from  chlorine.  It  gives  no  precipitate  in  solution  of  nitrate  of 
oxide  of  silver,  and  hence  cannot  be  mistaken  for  hydrochloric  acid.  Its  so- 
lution may  be  concentrated  by  gentle  heat,  till  it  acquires  an  oily  consist- 
ence, without  decomposition :  in  this  state  of  highest  concentration  it  ac- 
quires a  yellowish  tint,  emits  an  odour  of  nitric  acid,  sets  fire  to  paper  and 
other  dry  organic  matter,  and  converts  alcohol  into  acetic  acid.  When 
sharply  heated  in  a  retort,  part  of  the  acid  is  resolved  into  chlorine  and  oxy- 
gen ;  but  another  portion,  acquiring  oxygen  from  that  which  is  decompose, 
IS  converted  into  perchloric  acid,  and  then  passes  over  into  the  receiver  in 
the  form  of  a  dense  colourless  liquid.  (Serullas.)  Chloric  acid  is  easily  de- 
composed  by  deoxidizing  agents.  Sulphurous  acid,  for  instance,  deprives 
it  of  oxygen,  with  formation  of  sulphuric  acid  and  evolution  of  chlorine.  By 
the  action  of  hydroeulphuric  acid,  water  is  generated,  while  sulphur  and 
chlorine  are  set  free.  The  power  of  hydrochloric  acid  inefiectiog  its  decom- 
position has  already  been  explained. 

Chloric  acid  is  readily  known  by  forming  a  salt  with  potassa,  which  cryW' 
tallizes  in  tables  and  has  a  pearly  lustre,  deflagrates  like  nitre  when  flung 
on  burning  charcoal,  and  yields  peroxide  of  chlorine  by  the  action  of  concen- 
trated sulphuric  acid.  Chlorate  of  potassa,  like  most  of  the  chlorates,  gives 
off  pure  oxygen  when  heated  to  redness,  and  leaves  a  residue  of  chloride  of 
potassium.  By  this  mode  Gay-Lossac  ascertained  the  composition  of  chloric 
add,  as  stated  in  the  preceding  table.  (An.  de  Chimie,  xci.) 

Perchloric  Acid. — ^The  saline  matter  which  remains  in  the  retort  after 
finrming  peroxide  of  chlorine  is  a  mixture  of  perchlorate  and  bisulpbate  of 
potassa;  and  by  washing  it  with  cold  water,  the  bisulpbate  is  dissolved,  and 
the  perchlorate  is  left  Perchloric  acid  may  be  prepared  from  this  salt  by 
mixing  it  in  a  retort  with  half  its  weight  of  sulphuric  acid,  diluted  with  one- 
third  of  water,  and  applying  heat  to  the  mixture.  At  the  temperature  of 
about  284<>  F.  white  vapours  rise,  which  condense  as  a  colourless  liquid  in 
the  receiver.  This  is  a  solution  of  perchloric  acid. 

The  existence  of  perchloric  acid  was  first  ascertained  by  Count  Stadion, 
who  fi>und  it  to  be  a  compound  of  two  volumes  or  one  equivalent  of  chlo- 
rine and  seven  of  oxygen;  and  this  view  of  its  constitution  has  been  con- 
firmed by  Gay-Lussac,  SeruUas,and  Mitscherlich.  (An.  de  Ch.  et  de  Ph.  viii. 
ix.  xlvi.  297,  and  xlix.  113.)  According  to  Serullas  it  is  a  very  stable  com- 
pound:  it  may  be  heated  with  hydrochloric  or  sulphuric  acid  without 
change,  does  not  set  fire  to  organic  substances,  and  is  not  decomposed  by 
alcohoL  When  concentrated  it  has  a  density  of  1.65,  in  which  state  it  emits 
vapour  when  exposed  to  the  air,  absorbs  hygroroetric  moisture  powerfully, 
and  boils  at  392^  F.  By  admixture  with  strong  sulphuric  acid  and  distilling, 
Serullas  obtained  it  in  the  solid  form,  both  massive  and  in  elongated  prisms. 
It  hisses  when  thrown  into  water,  like  red-hot  iron  when  quenched. 

Of  all  the  salts  of  perchloric  acid,  that  with  potassa  is  the  most  insoluble, 
requiring  65  times  its  weight  of  water  at  60^  for  solution.  This  salt  is 
readily  and  safely  formed  by  adding  chlorate  of  potassa,  well  dried  and  in 
fine  powder,  in  small  portions  at  a  time,  to  an  equal  weight  of  concentrated 
sulphuric  acid,  gently  warmed  in  an  open  vessel.  The  peroxide  of  chlorine 
escapes  without  danger,  and  the  chlorate  is  entirely  converted  into  perchlo- 
rate and  bisulpbate  of  potassa,  the  latter  of  which,  being  very  soluble,  is 
easily  removed  by  cold  water.  Serullas  finds  that  chlorate  of  p(rtassa,  when 
decomposed  by  a  low  heat,  is  converted  into  chloride  of  potassium  and  per- 
chlorate  of  potassa ;  but  the  temperature  must  be  carefiilly  managed,  other, 
wise  the  perchlorate  itself  would  be  resolved  into  oxygen  and  chloride  of 
potassium.  The  perchlorate  thus  procured  is  purified  by  solution  in  hot  w»- 
tef  and  crystalliaition.    It  is  distinguished  firom  chlorate  of  potassa  by  not 
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aeqnirinif  a  yeOow  tint  oo  the  addition  of  hydrochloric  add.  The  primary 
Ibcin  of  iii  crystals,  aceordingr  to  Mitscherlidi,  is  a  right  rhombcndal  pntm 
isooioirpbous  with  permanganate  of  potassa. 

Q^droekhnde  0/  Nitrogen. — ^The  elements  of  this  compound  hafe  a  fee- 
hie  mntoal  affinity,  and  do  not  anite  when  presented  to  each  other  in  their 
fraseooa  form.  The  condition  which  leads  to  their  union  is  the  decomposi- 
tian  of  ammonia  bjr  chlorine,  during  which  hydrochloric  acid  is  generated 
hy  dklorine  combining  with  the  hydrogen  of  ammonia ;  while  the  nitrogen 
ov  that  alkali,  in  its  nascent  state,  enters  into  combination  with  another  por- 
tion of  chlorine.  A  convenient  mode  of  preparing  the  quadrochloride  of  ni- 
troi^en  is  the  following.  An  ounce  of  hydrocblorate  of  ammonia  u  dissolved 
in  12  or  16  ounces  of  hot  water;  and  when  the  solution  has  cooled  to  the 
temperature  of  90^,  a  glass  bottle  with  a  wide  mouth,  full  of  chlorine,  is  in- 
verted in  it  The  solution  gradually  absorbs  the  chlorine,  and  acquires  a  yel- 
low  colour ;  and  in  about  20  minutes  globules  of  a  yellow  fluid  are  seen 
floating  like  oil  upon  its  surface,  which,  after  acquiring  the  size  of  a  small 
pea,  sink  to  (he  bottom  of  the  liquid.  The  drops  of  the  chloride,  as  they  de- 
•oend,  should  be  collected  in  a  small  saucer  of  lead,  placed  for  that  purpose 
under  the  mouth  of  the  bottle. 

Quadrochloride  of  nitrogen,  discovered  in  1811  by  Dulong,  (An.deCh. 
IzsEvi.)  is  one  of  the  most  explosive  compounds  yet  known,  having  been  the 
cause  of  serious  accidents  both  to  its  discoverer  and  to  Davy.  (Phil.  Trans. 
1813.)  Its  specific  gravity  is  1.653.  It  does  not  congeal  in  the  intense  cold 
produced  by  a  mixture  of  snow  and  salt  It  may  be  distilled  at  160^ ;  but  at 
a  temperature  between  200^  and  212<>  it  explodes.  It  appears  from  the  in- 
vestigation  of  Messrs.  Porrett,  Wilson,  and  Kirk,  that  its  mere  contact  with 
■ome  substances  of  a  combustible  nature  causes  detonation  even  at  common 
temperatures.  This  result  ensues  particularly  with  oils,  both  volatile  and 
fixed.  I  have  never  known  olive  oil  fiul  in  producing  the  effect  The  pro- 
ducts of  the  explosion  are  chlorine  and  nitrogen.  (Nicholson's  Journal, 
xzxiv.) 

Sir  H.  Davy  analyzed  chloride  of  nitrogen  by  means  of  mercoiy,  which 
UDites  with  chlorine,  and  liberates  the  nitrogen.  He  inferred  from  his  ana- 
r^ais  that  its  elements  are  united  in  the  proportion  of  four  measures  of  chlo- 
rine to  one  of  nitrogen ;  and  it  hence  follows  that,  by  weight,  it  consi^  of 
(fmr  equivalents  of  chlorine,  and  one  equivalent  of  nitrogen.* 

Perehloride  of  Carbon, — ^The  discovery  of  this  compound  is  due  to  Mr. 
Faraday.  When  defiant  gas  (a  compound  of  carbon  and  hydrogen)  is  niixed 
with  chlorine,  combination  takes  place  between  them,  and  an  oil-like  liquid 
is  ^[enerated,  which  consists  of  chlorine,  carbon,  and  hydrogen.  On  exposing 
this  liquid  in  a  vessel  full  of  chlorine  gas  to  the  direct  solar  rays,  the  chlo- 
rine acts  upon  and  decomposes  the  liquid,  hydrochloric  acid  is  set  free,  and 
the  carbon,  at  the  moment  of  separation,  unites  with  the  chlorine.  (Phil. 
Thins.  1821.) 

Perehloride  of  carbon  is  solid  at  common  temperatures,  has  an  aromatic 
odour  approaching  to  that  of  camphor,  is  a  non-conductor  of  electricity,  and 
refracts  light  very  powerfully.  Its  specific  gravity  is  exactly  double  that  of 
water.  It  fuses  at  320^,  and  after  fiision  it  is  colourless  and  very  transpa- 
rent It  boils  at  360°,  and  may  be  distilled  without  change,  assuming  a  crys- 
talline  arrangement  as  it  condenses.  It  is  sparingly  soluble  in  water,  but 
dissolves  in  alcohol  and  ether,  especially  by  the  aid  of  heat  It  is  soluble 
also  in  fixed  and  volatile  oils. 

Perehloride  of  carbon  burns  with  a  red  light  when  held  in  the  flame  of  a 
^ritlamp,  giving  out  acid  vapours  and  smoke ;  but  the  oombustion  ceases 

*  Berzelius  states  the  composition  of  this  compound  to  be  three  volumes 
of  chlorine  to  one  of  nitrogen,  corresponding  to  three  equivalents  of  the  for- 
ner  to  one  of  the  latter.  These  proportions,  if  firand  to  be  correct,  will  ren- 
der the  ehloride  and  iodide  of  nitrogen  analogoua  in  composition^ — Ed, 
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as  soon  as  it  is  withdrawn.  It  burns  Tividly  in  oxygen  fras.  Alkalies  do  not 
act  upon  it ;  nor  is  it  changed  by  the  stronger  acids,  such  as  the  hydrochliK 
ric,  nitric,  or  sulphuric  acids,  even  with  the  aid  of  heat  When  its  ▼aponr, 
mixed  with  hydrogen,  is  transmitted  through  a  red-hot  tube,  charooal  is  se- 
parated,  and  hydrochloric  acid  gas  evolved.  On  passing  its  vapour  over  the 
peroxides  of  metals,  such  as  that  of  mercury  and  copper,  heated  to  redness, 
a  chloride  of  the  metal  and  carbonic  acid  are  generated.  Protoxides,  under 
the  same  treatment,  yield  carbonic  oxide  gas  and  metallic  chlorides.  Most 
of  the  metak  decompose  it  also  at  the  temperature  of  ignition,  uniting  with 
its  chlorine,  and  caoning  deposition  of  charcoal. 

The  composition  of  the  perchloride  of  carbon  was  inferred  by  Mr.  Fara- 
day from  the  proportions  of  chlorine  and  olefiant  gas  employed  in  its  pro- 
duction, and  from  the  quantity  of  chloride  of  copper  and  carbonic  acid 
generated  when  its  vapour  was  transmitted  over  oxide  of  copper  at  a 
red  heat. 

■}  Chhuride  of  Cnrbon, — ^This  compound,  so  called  to  indicate  the  ratio  of 
its  elements,  is  formed  by  boiling  chloral  with  a  solution  of  potassa,  lime,  or 
baryta ;  and  was  discovered  by  Liebisf.  The  elements  which  appear  to  re- 
act on  each  other  are,  two  eq.  of  chloral  or  2(9C  +  6C1  +  40),  two  eq.  of 
potassa  or  2(K-l-0),  and  five  eq.  of  water  or  SA ;  and  the  products  are  two 
eq.  of  the  chloride  of  carbon  or  2(4C+5Cl),  two  eq.  of  chloride  of  potas- 
sium or  2(K4-CI),  and  6ve  eq.  of  formic  acid  or  5(2C-4-H).  The  formic 
acid  of  course  unites  with  potassa,  and  the  chloride  of  carbon,  being  volatile, 
passes  off  in  vapour.  Afler  condensation  it  is  washed  repeatedly  with  pure 
water,  and  obtained  quite  dry  by  admixture  with  strong  sulphuric  acid,  and 
distillation  at  312^  F.  It  may  also  be  more  conveniently  prepared  by  dis* 
tilling,  from  a  capacious  retort,  a  mixture  of  one  pound  of  chloride  of  lime, 
three  pounds  of  water,  and  two  or  three  ounces  either  of  alcohol  or  pjro^ 
acetic  spirit. 

This  chloride  is  a  limpid,  colourless  liquid,  similar  in  odour  and  appear- 
anoe  to  the  oily  fluid  which  chlorine  forms  with  olefiant  gas;  though  in 
density,  volatility,  and  composition,  it  is  quite  different  Its  density  is  1.48, 
and  it  boiU  at  141°  F.  It  is  but  feebly  combustible,  and  is  not  changed  at 
moderate  temperatures  either  by  acids  or  alkalies. 

It  is  freely  dissolved  by  alcohol  and  ether,  and  is  precipitated  from  them 
by  water,  in  which  it  is  quite  insoluble.  It  may  be  distilled  in  contact  with 
potassium  without  change.  When  its  vapour  is  transmitted  over  metallic 
oopper,  charcoal  is  deposited,  no  gas  whatever  appears,  and  a  metallic  chlo- 
ride is  formed.  Its  composition  was  inferred  from  the  quantity  of  chloride 
of  copper  and  carbonic  acid  which  were  produced,  when  its  vapour  was 
transmitted  over  oxide  of  copper  at  a  red  heat  (An.  de  Ch.  et  de  Ph.  xliz. 
146.) 

Protochloride  of  CarhofL— -When  the  vapour  of  the  perchloride  is  passed 
through  a  red-hot  glass  or  porcelain  tube,  filled  with  fragments  of  rock 
crystal  to  increase  the  quantity  of  heated  surface,  partial  decomposition 
occurs,  chlorine  fras  escapes,  and  a  vapour  which,  analyzed  by  Mr.  Faraday 
by  means  of  oxide  of  copper,  proved  to  be  protochloride  of  carbon.  At 
common  temperatures  it  is  a  limpid  colourless  liquid,  which  has  a  density  of 
1.5526,  does  not  congeal  at  0^  F.,  and  at  160°  or  170°  is  converted  into  va- 
pour. It  may  be  distilled  repeatedly  without  change;  but  when  exposed  to 
a  red  heat,  some  of  it  is  resolved  into  its  elements.  In  its  chemical  rela- 
tions it  is  very  analogous  to  perchloride  of  carbon. 

Diehloride  of  Carbon, — ^The  only  sample  of  this  substance  yet  obtained 
was  brought  from  Sweden  by  M.  Julin,  and  is  said  to  have  been  formed 
during  the  distillation  of  nitric  acid  from  crude  nitre  and  sulphate  of  iroo. 
It  occurs  in  small,  soft,  adhesive  fibres  of  a  while  colour,  which  have  a 
peculiar  odour,  somewhat  resembling  spermaceti.  It  fuses  on  the  applica* 
tion  of  heat,  and  boils  at  a  temperature  between  350^  and  4S^  F.  At  25(K> 
it  sublimes  slowly,  and  oondenses  again  in  the  Ibrm  of  long  needles.    It 
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is  imolubfe  in  water,  acidfl,  and  alkalies;  but  is  dissoWed  by  hot  oil  of 
turpentine  or  by  alcohol,  and  forms  acicolar  crystals  as  the  solation  cools. 
It  bams  with  a  red  flamo,  emitting  much  smoke,  and  fumes  of  hydrochloric 
acid  gas. 

Tm  nature  of  this  substance  is  sliown  by  the  following  circumstances. 
When  its  vapour  is  exposed  to  a  red  beat,  evolution  of  chlorine  gas  ensues, 
and  charcoal  is  deposited.  A  similar  deposition  of  charcoal  is  produced  by 
heating  it  with  phosphorus,  iron,  or  tin ;  and  a  chloride  is  formed  at  the 
same  time.  Potassium  burns  vividly  in  its  vapour  with  formation  of  chlo- 
ride of  potassium  and  separation  of  charcoal.  On  detonating  a  mixture  of 
Its  vapour  with  oxygen  gas  over  mercury,  a  chloride  of  that  metal  and  car- 
bonic acid  are  generated.  By  these  means  Messrs.  Phillips  and  Faraday 
ascertained  its  composition  as  given  at  page  213.  (An.  of  Phil,  zviii.  l^O.y 

Dichloride  of  Sulphur. — ^This  compound  was  discovered  in  the  year  loM 
by  Dr.  Thomson,*  and  was  afterwards  examined  by  Berthollett  It  is 
most  conveniently  prepared  by  passing  a  current  of  chlorine  gas  over  flowers 
of  sulphur  gently  heated,  until  nearly  all  the  sulphur  disappears.  Direct 
combination  ensues,  and  the  product,  distilled  off  from  uncombined  sulphur, 
is  obtained  under  the  form  of  a  liquid  which  appears  red  by  reflected,  and 
▼ellowish-green  by  transmitted  light  Its  density  is  1.687.  It  is  volatile 
below  200^,  boils  at  280o,  yielding  vapour  which  has  a  density  of  4.70,  and 
condenses  again  without  change  in  cooling.  When  exposed  to  the  air  it 
emits  acrid  fumes,  which  irritate  the  eyes  powerfully,  and  have  an  odour 
somewhat  resembling  sea-weed,  but  much  stronger.  Dry  litmus  paper  is 
not  reddened  by  it,  nor  does  it  unite  with  alkalies.  It  acts  with  energy  on 
water: — mutuid  decomposition  ensues,  with  formation  of  hydrochloric  and 
hyposulphurous  acids,  and  deposite  of  sulphur,  by  which  the  water  is  ren- 
dered cloudy.  From  a  recent  analysis  by  Rose  it  consists  of  35.42  parts  or 
one  equivalent  of  chlorine,  and  32i2  parts  or  two  et^,  of  sulphur.  (Pog. 
Annalen  xzi.  431.) 

Rose  maintains  that  the  preceding  is  the  only  chloride  of  sulphur,  arguing 
that  the  chloride  analysed  by  Davy  was  merely  dichloride  of  sulphur  hold, 
inf  chlorine  in  solution.  Dumas,  on  the  other  hand,  contends,  that  when 
sulphur  is  acted  on  by  excess  of  chlorine,  a  chloride  of  sulphur  is  really 
obtained,  which  is  apt  to  retain  traces  of  the  dichloride,  and  can  only  he 
purified  by  repeated  distillation  at  about  \4Xy>  F.  This  chloride  is  a  liquid 
of  a  deep  reddish-brown  tint,  and  has  a  density  of  1.62.  It  boils  at  147o, 
and  the  density  of  iu  vapour  is  between  3.67  and  3.70.  By  decomposition 
in  water,  it  should  yield  hydrochloric  and  hyposulphurous  acids.  (An.  de  Ch, 
et  de  Ph.  xlix.  205.) 

Perekloride  of  Phoopkoruo, — ^There  are  two  definite  compounds  of  chlo- 
rine and  phosphorus,  the  nature  of  which  was  first  satis&ctorily  explained 
by  Davy.  (Elements,  p.  290.)  When  phosphorus  is  introduced  into  a  jar  of 
dry  chlorine,  it  inflames,  and  on  the  inside  of  the  vessel  a  white  matter  col- 
lects, which  is  perddoride  of  photphorua.  It  is  very  volatile,  a  temperature 
much  below  212^  being  sufficient  to  convert  it  into  vapour.  Under  pressure 
it  may  be  fused,  and  it  yields  transparent  prismatic  crystals  in  oooling. 

Water  and  perchloride  of  phosphorus  mutually  decompose  each  other ) 
and  the  sole  products  are  hydrochloric  and  phosphoric  adds.  Now  in  order 
that  these  products  should  be  formed,  consistently  with  the  eonstitution  of 
phosphoric  acid,  as  stated  at  page  200,  the  perchloride  must  consist  of  31.4 
parts  or  two  equivalents  of  phosphorus,  and  177.1  parts  or  five  eq.  of  chlo« 
rine.  due  equivalent  of  the  chloride  and  five  eq.  of  water  will  then  mutu< 
ally  decompose  each  other  without  any  element  being  in  excess,  and  yield 
one  eq.  of  phosphoric,  and  five  eq.  of  hydrochloric  add.  This  proportion  is 
not  §ur  from  the  truth;  for  according  to  Davy,  one  grain  of  phosphonis  is 
united  in  the  perohloride  with  six  of  chlorine. 


*  Nicbolsoii's  Journal  voL  vi.  ^  M^moires  d*Arcaeil,  vol.  i. 
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SuquiehUnide  of  PhMpkoru9  may  be  made  either  by  heating  the  perehlo- 
ride  with  phoaphoras,  or  by  pasaing  the  vtepoar  of  pboepborua  over  corroeiTa 
aublimate  contbined  in  a  glasa  tube.  It  is  a  clear  liquid  like  water,  of 
specific  gravity  1.45;  emits  acid  fumes  when  exposed  to  the  air,  owing  to 
the  decomposition  of  watery  vapour ;  but  when  pure  it  does  not  redden  dry 
litmus  paper.  On  mixing  it  with  ^ater,  mutual  decomposition  ensues,  heat 
is  evolved,  and  a  solution  of  hydrochloric  and  phosphorous  acids  is  obtained. 
It  hence  appears  to  consist  of  31.4  parts  or  two  equivalents  of  phosphorusi, 
and  106J26  parts  or  three  e^.  of  chlorine. 

When  bjdrosulphuric  acid  gas  is  transmitted  through  a  vessel  containlnr 
perchlorido  of  phosphorus,  hydrochloric  acid  is  disengaged,  and  a  liquid 
produced  which,  according  to  Serullas,  ts  a  compound  of  three  equivalents 
of  chlorine,  one  of  phosphorus,  and  one  of  sulphur.  (An.  de  Ch.  et  de  Ph. 
zlii.25.) 

ChlarocaTbomc  Add  Chu. — This  compound  was  discovered  in  1819  by 
Dr.  Davy,  who  described  it  in  the  Philosophical  Transactions  for  that  year 
under  the  name  of  phoBgene  ga$,  (From  ^mt  light,  and  yufuf  to  produce.) 
It  is  made  by  exposing  a  mixture  of  equal  measures  of  dry  chlorine  and 
carbonic  oxide  gases  to  sunshine,  when  rapid  but  silent  oomMnation  ensvies, 
aad  they  contract  to  one-half  their  volume.  Diffbsed  daylight  also  effects 
their  union  slowly;  but  they  do  not  combine  at  all  when  the  mixture  is 
wholly  excluded  from  light 

Chlorocarbonic  acid  gas  is  colourless,  has  a  strong  odour,  and  reddens 
dry  litmus  paper.  It  combines  with  four  times  its  volume  of  ammoniacal 
gas,  forming  a  white  solid  salt;  so  that  it  possesses  the  charaeteristie  pro. 
perty  of  acids.  It  is  decomposed  b^  contact  with  water.  One  equivalent 
of  each  compound  undergoes  decomposition ;  and  as  the  hydrogen  of  the 
water  unites  with  chlorine,  and  its  oxygen  with  carbonic  oxide,  the  products 
are  carbonic  and  hydrochloric  acids.  When  tin  is  heated  in  this  gas,  chlo* 
ride  of  tin  is  generated,  and  carbonic  oxide  gas  set  free,  which  occupies  ex- 
actly the  same  space  as  the  chlorocarbonic  acid  which  was  employed.  A 
similar  change  occurs  when  it  is  heated  in  contact  with  antimony,  zinc,  or 
arsenic. 

As  chlorocarbonic  acid  gas  contains  its  own  volume  of  each  of  its  eonsti- 
UienU,  it  follows  that  100  cubic  inches  of  that  gas  at  the  standard  tempera- 
ture and  pressure  must  weigh  106.7638  grains;  namely,  76.5988  of  chlorine 
added  to  30.1650  of  carbonic  oxide.  lu  specific  gravity  is,  therefore,  3.4427, 
and  it  consists  of  35.42  parts  or  one  equivalent  of  chlorine,  and  1412  parts 
or  one  equivalent  of  carbonic  oxide. 

ChlaraL — ^This  name,  derived  from  the  first  syllable  of  the  words  chlorine 
and  alcohol,  has  been  applied  by  Liebig  to  a  new  compound  of  chlorine,  car- 
bon, and  oxygen,  prepared  by  the  mutual  action  of  alcohol  and  dilorine. 
The  production  of  the  new  substance  more  immediately  dcjiends  on  the 
union  of  one  portion  of  chlorine  with  the  hydrogen  both  of  the  defiant  gas 
and  some  of  the  water  which  constitute  alcohol,  while  the  corresponding  car- 
bon and  oxygen  unite  with  another  portion  of  chlorine.  A  very  large  quan- 
tity of  chlorine  is,  therefore,  required  for  its  production,  and  a  large  quantity 
of  hydrochloric  acid  is  generated.  When  chlorine  is  transmitted  thruueh 
common  alcohol,  the  chloral  at  first  formed  is  retained  in  solution  by  toe 
water  of  the  alcohol ;  but  when  the  liquid  becomes  charged  with  hydrochlo- 
ric acid,  the  chloral  insoluble  in  that  solution  subsides  as  a  liquid  of  an  oily 
aspect.  The  method  recommended  by  Liebig  is  to  transmit  dry  chlorine  gas 
into  absolute  alcohol.  At  first  the  alcohol  should  be  artificially  cooled,  since 
otherwise  the  action  is  attended  with  flame;  but  as  soon  as  hydrochloric 
acid  begins  to  accumulate,  it  is  neeessarr  to  expel  it  by  a  continued  gentle 
heat,  since  its  presence  protects  the  alcohol  from  decomposition,  and  there- 
by prevents  the  absorption  of  the  chlorine.  By  acting  in  this  manner  for 
several  successive  days,  Liebig  succeeded  in  decomposing  eight  ounces  of 
absolute  alcohol,  and  obtained  a  liquid  of  syrupy  consistence,  which  after  a 
few  days  becsme  a  soft  white  crystalline  sdid.    In  this  state  the  chloral  is 
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imited  with  water  as  a  hydrate  of  unknown  oompoaition,  and  also  cmilaitta 
Iraeea  of  nndecompoaed  aleohol  and  hydrochloric  acid.  On  agitation  with 
strong  sulphuric  acid,  it  is  rendered  anhydrous,  and  rises  as  a  Uquid  to  the 
eur&ee;  and  by  distillation  from  unslaked  lime  or  baryta,  it  is  entirely  sepe* 
rated  from  hydrochloric  acid. 

Pure  chloral  is  a  colourless  transparent  liquid  of  a  penetrating  pangent 
odour,  is  oily  to  the  touch,  aod  has  a  density  of  1.502.  It  is  nearly  tastekssi^ 
or  at  roost  oily.  It  boils  at  201<3,  and  may  be  distilled  without  change.  Ia 
water,  with  the  aid  of  sentle  heat,  it  is  freely  dissolved  without  decomposi- 
tion.  Agitated  with  a  few  drops  of  water,  it  forms  a  white  crystalline  mass 
which  appears  to  be  a  hydrate,  though  its  composition  is  unknown ;  for 
when  put  into  water,  the  chloral  appears  oily  as  asual,  and  by  heat  a  solo- 
tion  having  the  characteristic  odour  and  character  of  chloral  is  obtained. 
On  keeping  this  crystalline  hydrate  for  a  few  days,  it  becomes  a  very  white 
flocculent  matter,  which  is  quite  insoluble  in  water.  From  the  ratio  of  its 
ingredients  Liebig  regards  it  also  as  a  hydrate,  formed  of  two  equivalents  of 
water  to  one  of  chloral. 

Cliloral  unites  with  iodine,  bromine,  and  sulphur.  It  may  be  distilled  from 
the  anhydrous  metallic  oxides  without  change;  hot  when  its  vapour  is 
transmitted  over  anhydrous  baryta,  stronlia,  or  lime,  heated  to  212^,  instant 
decomposition  ensues  and  the  earth  becomes  incandescent  Carbonic  oxide 
gas  escapes  at  the  same  time,  and  a  metallic  chloride,  intermixed  with  a 
fight  charcoal,  is  generated.  Similar  prodacts  are  obtained,  but  of  course 
more  charcoal,  when  the  vapour  of  chloral  is  transmitted  over  iron  or  cop- 
per at  a  red  heat.  Chloral  is  readily  decomposed  by  the  alkalies  or  alkaline 
earths  in  the  state  of  hydrates  or  when  dissolved  in  water,  givio^r  rise  to  a 
chloride  of  carbon,  as  already  described.  (An.  de.  Ch.  et  de  Ph.  xlix.  146.) 

Terehioride  of  Boron. — Sir  H.  Davy  noticed  that  recently  prepared  boron 
takrs  fire  spontaneously  in  an  atmosphere  of  chlorine,  and  emits  a  vivid 
light ;  but  he  did  not  examine  the  product  Berzelius  remarked,  that  if  the 
boron  has  been  previously  heated,  whereby  it  is  rendered  more  compact,  the 
eombnstioo  does  not  take  place  till  heat  is  applied.  This  observation  led  him 
to  expose  boron,  thus  rendered  dense,  in  a  glass  tube  to  a  current  of  dry 
chlorine;  and  to  heat  it  gently  as  soon  as  the  atmospheric  air  was  com- 
pletely expelled,  in  order  to  commence  the  combustion.  The  resulting  com- 
pound proved  to  be  a  colourless  gas ;  and  on  collecting  it  over  mercury, 
which  absorbed  free  chlorine,  he  procured  the  chloride  of  boron  in  a  state  of 
purity.  This  gas  is  rapidly  absorbed  by  water ;  but  double  decomposition 
takes  place  at  the  same  instant,  giving  rise  to  hydrochloric  and  boracic 
adds  as  the  sole  products :  from  this  fact  is  inferred  the  composition  of  the 
chloride  as  stated  at  page  212 ;  for  one  eq.  of  terehioride  of  boron  or  B-f-^Cl, 
and  three  eq.  of  water  or  3  (H-f-0),  correspond  to  one  eq.  of  boracic  acid  or 
B-f  30,  and  three  eq.  of  hydrochloric  acid  or  3(H4-C1).  The  watery  va- 
pour of  the  atmosphere  occasions  a  similar  change ;  so  that  when  the  gas  is 
mixed  with  air  containing  hygrometric  moisture,  a  dense  white  cloud  is 
produced.  The  speciBc  gravity  of  the  gas,  according  to  Dumas,  is  3.942.  It 
is  soluble  in  alcohol,  and  communicates  to  it  an  ethereal  odour,  apparently 
fay  the  action  of  hydrochloric  acid.  It  unites  with  ammoniacal  gas,  forming 
a  fluid  volatile  substance,  the  nature  of  which  is  unknown. — (Annals  of 
Phil.  xxvi.  129.) 

Dumas  finds  that  chloride  of  boron  may  be  generated  by  the  action  of 
dry  chlorine  on  a  mixture  of  charcoal  and  boracic  acid,  heated  to  redness 
in  a  porcelain  tube.  Desprctz  also  appears  to  have  invented  a  similar  pro- 
cess. (Philos.  Magazine  and  Annals,  i.  469.) 

Chloro-mtroug  Cfat. — When  h\sc6  chloride  of  sodium,  potassium,  or  cal- 
etnrn,  in  powder,  is  treated  with  as  much  strong  nitric  acid  as  is  sufficient 
to  wet  it,  mutual  decomposition  ensues,  and  a  new  gas,  composed  of  chlo- 
rine and  binozide  of  nitrogen,  is  generated.  Its  discoverer,  Mr.  E.  Davv,  de- 
•oribes  it  as  a  gas  of  a  pale  reddish-yellow  colour,  of  an  odour  similar  to 
tbBt  of  ehlorine,  though  less  pungent,  and  possessed  of  bleaching  properUes. 
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It  fiimes  on  ezpoiure  to  the  air,  and  is  freely  absorbed  by  water.  It  is  de- 
oompoaed  by  sulphur,  phosphorus,  mercury,  and  most  metals,  and  by  sab- 
stances  in  ^neral  which  have  an  affinity  for  chlorine.  It  consists,  according 
to  Mr.  Davy,  of  equal  volumes  of  chlorine  and  binozide  of  nitrogen,  united 
without  any  condensation. 

In  the  mutual  decomposition  of  chloride  of  sodium  and  nitric  acid,  the 
moducts  appear  to  be  chloro-nitrous  and  chlorine  gases,  and  nitrate  of  soda, 
jlieir  formation  must  obviously  depend  on  sodium  being  oxidized  at  the  ex- 
pense of  nitric  acid;  while  part  of  the  chlorine  unites,  at  the  moment  of  se- 
paration from  the  sodium,  with  binozide  of  nitrogen.  (Phil.  Mag.  iz.  355.) 
Theoretically,  it  sliould  be  mixed  with  twice  its  vdume  of  chlorine,  the  pre- 
sence of  which  must  materially  obscure  the  properties  of  the  new  gas. 

ON  THE  NATURE  OF  CHLORINE. 

The  change  of  opinion  which  has  gradually  taken  place  among  chemists 
concern inff^Uie  nature  of  chlorine,  is  a  remarkable  fact  in  the  history  of  the 
science.  The  hypothesis  of  Berthollet,  unfounded  as  it  is,  prevailed  at  one 
time  universally.  It  explained  phenomena  no  satisfactorily,  and  in  a  manner 
so  consistent  with  the  received  chemical  doctrine,  that  for  some  years  no 
one  thought  of  calling  its  correctness  into  (juestion.^  A  singular  reverse, 
however,  has  taken  place ;  and  this  hypothesis,  though  it  has  not  hitherto 
been  rigidly  demonstrated  to  be  erroneous,  has  within  a  short  period  been 
generally  abandoned,  even  by  persons  who,  from  having  adopted  it  in  early 
fife,  were  prejudiced  in  its  favour.  The  reason  of  this  will  readily  appear  on 
comparing  it  with  the  opposite  theory,  and  examining  the  evidence  in  fa- 
vour of  each. 

Chlorine,  according  to  the  new  theory,  is  maintained  to  be  a  simple  body, 
because,  like  oxygen,  hydrogen,  and  other  analogous  substances,  it  canpot 
be  resolved  into  more  simple  parts.  It  does  not  indeed  follow  that  a  body  is 
simple,  because  it  has  not  hitherto  been  decomposed ;  but  as  chemists  have 
no  other  mode  of  estimating  the  elementary  nature  of  bodies,  they  must 
necessarily  adopt  this  one,  or  have  none  at  all.  Hydrochloric  acid,  by  the 
same  rule,  is  considered  to  be  a  compound  of  chlorine  and  hydrogen.  For 
when  exposed  to  the  agency  of  galvanism,  it  is  resolved  into  Siese  suIk 
stances ;  and  by  mixing  the  two  gases  in  due  proportion,  and  passing  an 
dectric  spark  through  the  mixture,  hydrochloric  acid  gas  is  the  product. 
Chemists  have  no  other  kind  of  proof  of  the  composition  of  water,  of  potassa* 
or  of  any  other  compound. 

Very  different  is  the  evidence  in  support  of  the  theory  of  Berthollet. 
According  to  that  view,  hydrochloric  acid  gas  is  composed  of  ah§(Uute  mu- 
riatie  acid  and  water  or  its  elements ;  chlorine  consists  of  absolute  muriatie 
add  and  oxygen ;  and  absolute  muriatic  acid  is  a  compound  of  a  certain 
unknown  base  and  oxygen  gas.  Now  all  these  propositions  are  gratuitous. 
For,  in  the  first  place,  hydrochloric  acid  gas  has  not  been  proved  to  contain 
water.  Secondly,  the  assertion  that  chlorine  contains  oxygen  is  opposed  to 
direct  experiment,  the  most  powerful  deoxidizing  agents  having  been  unable 
to  eUcit  from  that  gas  a  particle  of  oxygen.  Thirdly,  the  existence  of  such  a 
substance  as  absolute  muriatic  acid  is  wholly  without  proof,  and,  therefore, 
its  supposed  base  is  also  imaginary. 

But  this  is  not  the  only  weak  point  of  the  doctrine.  Since  chlorine  is  ad- 
mitted  by  this  theory  to  contain  oxygen,  it  was  necessary  to  explain  how  it 
happens  that  no  oxygen  can  be  separated  from  it  For  instance,  on  exposing 
chlorine  to  a  powerfbl  galvanic  battery,  oxygen  gas  does  not  appear  at  the 
jxisitive  polo,  as  occurs  when  other  oxidized  bodies  are  subjected  to  its  ac- 
tion ;  nor  is  carbonic  acid  or  carbonic  oxide  evolved,  when  chlorine  is  coxw 
ducted  over  ignited  charcoal.  To  account  for  the  oxygon  not  appearing 
under  these  circumstances,  it  was  assumed  that  absolute  murialie  acid  is 
viable  to  exist  in  an  uncombined  state,  and,  therefore,  cannot  be  separated 
from  one  substance  except  by  uniting  with  another.    This  supposition  was 
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thought  to  be  supported  by  the  analog  of  oertain  compounds,  such  as  nitric 
and  oxalic  acids,  which  appear  to  be  incapable  of  existing  except  when  com- 
bined with  water  or  some  other  substance.  The  analogy,  however,  is  incom- 
plete ;  for  the  decomposition  of  such  compounds,  when  an  attempt  is  made 
to  procure  them  in  an  insulated  state,  is  manifbstly  owing  to  the  tendency  of 
their  elements  to  enter  into  new  combinations. 

Admitting  the  various  assumptionti  which  have  been  stated,  most  of  the 
phenomena  receive  ss  consistent  an  explanation  by  the  old  as  by  tho  new 
theory.  Thus,  when  hydrochloric  acid  gas  is  resolved  by  galvanism  into 
chlorine  and  hydrogen,  it  may  be  supp<jsed  that  abtolvte  muriatie  acid 
attaches  itself  to  the  oxygen  of  the  water,  and  forms  chlorine ;  while  the 
hydrogen  of  the  water  goes  to  the  opposite  pole  of  the  battery.  When 
»lorine  and  hydro^n  enter  into  combination,  the  oxygen  of  the  fbrmer 
may  be  said  to  unite  with  th^  latter ;  and  that  hydrochloric  acid  gas  is 
generated  by  the  water  so  formed  combining  with  tlie  absolute  tnariatic 
acid  of  the  chlorine.  The  evolution  of  chlorine,  which  ensues  on  mixing 
hydrochloric  acid  and  peroxide  of  manganese,  is  explained  on  the  supposi- 
tion that  abnlute  muriatie  acid  unites  directly  with  the  oxygen  of  the  black 
oxide  of  manganese. 

It  will  not  be  difficult,  after  these  observations,  to  account  for  the  prefbr- 
eooe  shown  to  the  new  theory.  In  an  exact  science,  such  as  chemistry, 
every  step  of  which  is  required  to  be  matter  of  demonstration,  there  is 
no  room  to  hesitate  between  two  modes  of  reasoning,  one  of  which  is 
hypothetical,  and  the  other  founded  on  experiment  Kor  is  there,  in  the 
present  instance,  temptation  to  deviate  fVom  the  strict  logic  of  the  science; 
hr  there  is  not  a  single  phenomenon  which  may  not  be  fhlly  explained  on 
the  new  theory,  in  a  manner  quite  consistent  with  the  laws  of  chemical 
action  in  general. 

It  was  supposed,  indeed,  at  one  time,  that  tho  sudden  decomposition  of 
water,  occasioned  by  the  action  of  that  liquid  on  the  compounds  of  chlorine 
with  some  simple  substances,  constitutes  a  real  olnection  to  the  doctrine; 
but  it  will  afterwards  appear,  that  the  acquisition  of'^new  fads  has  deprived 
this  argument  of  all  its  force.  While  nothing,  therefore,  can  be  gained, 
much  may  be  lost  by  adopting  the  doctrine  of  Berthollet  If  chlorine  ie 
regarded  as  a  compound  body,  tho  same  opinion,  though  in  direct  opposition 
to  the  result  of  observation,  ought  to  be  extended  to  iodine  and  bromine ; 
and  as  other  analogous  substances  may  bereafler  be  discovered,  in  regard  to 
which  a  similar  hypothesis  will  apply,  it  is  obvious  that  this  view,  if  proper 
in  one  case,  may  legitimately  be  extended  to  otliers.  One  encroachment  on 
the  method  of  strict  induction  would  consequently  open  the  way  to  another, 
and  thus  the  genius  of  the  science  would  eventuaJly  be  destroyed. 

An  able  attempt  was  made  some  years  ago  by  the  late  Dr.  Murray,  to 
demonstrate  the  presence  of  water  or  its  elements  as  a  constituent  part  of 
Irrdrochloric  acid  gas,  and  thus  to  establish  the  old  theory  to  the  subversion 
or  the  new.  The  arguments  which  housed,  though  plausible  and  ingenious, 
were  successfully  combated  by  Sir  H.  and  Dr.  Davy.  The  only  experiment 
which  strictly  bears  upon  the  question,— that,  namely,  where  hydrochlorie 
add  and  amrooniacal  gases  were  mixed  together,  goes  far  to  demonstrate 
the  absence  of  combined  water  in  hydrochloric  acid  gas,  and  thereby  to 
establish  the  views  of  Davy.* 


*  In  Nicholson^s  Journal,  vols.  xxxi.  xxiii.  and  xxxiv.    Edinburgh  Fhiloe. 
Trana.  voL  viii.  and  Philos.  Trans,  for  1818. 
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SECTION  XII. 

IODINE. 

loDiNS  was  diflcotered  in  the  year  1812  by  M.  Courtois,  a  manufactarer 
of  salt-petre  at  Paris.  In  preparing  carbonate  of  soda  from  the  ashes  of 
sea^ weeds,  he  observed  that  the  residual  liquor  corroded  metallic  vessels 
powerfully ;  and  on  investigating  the  cause  of  the  corrosion,  he  noticed  that 
sulphuric  acid  threw  down  a  dark-coloured  matter,  which  was  converted  by 
the  appHcation  of  heat  into  a  beautiful  violet  vapour.  Struck  with  its 
appearance,  he  gave  some  of  the  substance  to  M.  Clement,  who  recognized 
it  as  a  new  body,  and  in  1813  described  some  of  its  leading  properties  in  the 
Royal  Institute  of  France.  Its  real  nature  was  soon  a£r  determined  b^ 
Gay-Lussac  and  Davy,  each  of  whom  proved  that  it  is  a  simple  non-metalhc 
substance,  exceedingly  analogous  to  chlorine.* 

Iodine  is  frequently  met  with  in  nature  in  combination  with  potassium 
or  sodium.  Under  this  form  it  occurs  in  many  salt  and  other  mineral 
springs,  both  in  England  and  on  the  continent  It  has  been  detected  in  the 
water  of  the  Mediterranean,  in  the  oyster  and  some  other  marine  molluscous 
animals,  in  sponges,  and  in  most  kinds  of  sea-weed.  In  some  of  these  pro- 
ductions, such  OS  the  Fueu$  Berratua  and  Fueua  dwitatua^  it  exists  ready 
formed,  and  according  to  Dr.  Fyfe  (E^in.  Philos.  ^umal,  i.  254.)  may  be 
separated  by  the  action  of  water ;  but  in  others  it  can  be  detected  only  afte^ 
incineration.  Marine  animals  and  plants  doubtless  derive  from  the  sea  the 
iodine  which  they  contain.  Vauquelin  found  it  also  in  the  mineral  kingdom, 
in  combination  with  silver.  (An.  de  Ch.  et  de  Ph.  xxix.) 

All  the  iodine  of  commerce  is  procured  from  the  impure  carbonate  of 
■oda,  called  kelp,  which  is  prepared  in  large  quantity  on  the  northern  shores 
of  Scotland,  by  incinerating  sea-weeds.  The  kelp  is  employed  by  soap- 
makers,  for  the  preparation  of  carbonate  of  soda ;  and  the  dark  residual 
liquor,  remaining  aner  that  salt  has  crystallized,  contains  a  considerable 
quantity  of  iodine,  combined  with  sodium  or  potassium.  By  adding  a  suffi- 
cient quantity  of  sulphuric  acid,  hydriodic  acid  is  first  generated,  and  then 
decomposed.  The  iodine  sublimes  when  the  solution  is  boiled,  and  may  be 
collected  in  cool  glass  receivers.  A  more  convenient  process  is  to  employ  a 
moderate  excess  of  sulphuric  acid,  and  then  add  to  the  mixture  some  per- 
oxide of  manganese,  which  acts  on  hydriodic  in  the  same  way  as  on  hydro- 
chloric acid  (page  209),  (Phil.  Mag.  L.  Dr.  Ure.)  Another  method  proposed 
by  Soubeiran,  is  by  adding  to  the  ley  fi-om  kelp  a  solution  made  with  the 
sulphates  of  protoxides  of  copper  and  iron  in  the  ratio  of  1  of  the  former  to 
2|  of  the  latter,  as  long  as  a  white  precipitate  appears.  The  diniodido  of 
copper  is  thus  thrown  down ;  and  it  may  be  decomposed  either  by  peroxide 
of  manganese  alone,  or  by  manganese  and  sulphuric  acid.  By  means  of  the 
former,  the  iodine  passes  over  quite  dry ;  but  a  strong  beat  is  requisite. 

Iodine,  at  common  temperatures,  is  a  soft  friable  opaque  solid  of  a 
bluish-black  colour,  and  metallic  lustre.  It  occurs  usually  in  crystalline 
scales,  having  the  appearance  of  micaceous  iron  ore ;  but  it  sometimes  crys- 
tallizes  in  large  rhomboidal  plates,  the  primitive  form  of  which  is  a  rhombic 
octohedron.  The  crystals  are  best  prepared  by  exposing  to  the  air  a  solution  of 
iodine  in  hydriodic  acid.  Its  specific  gravity,  according  to  Gay-Lussac,  is  4.948; 
but  Dr.  Thomson  found  it  only  3.0844.  At  225°  it  is  fused,  and  enters  into 
dl>ullition  at  347^ ;  but  when  moisture  is  present,  it  is  sublimed  rapidly  even 
below  the  degree  of  boiling  water,  and  suffers  a  gradual  dissipation  at  low 
temperatures.    Its  vapour  is  of  an  exceedingly  ridi  violet  colour,  a  character 


*  The  original  papers  on  this  subject  are  m  the  Annales  de  Chimie,  vols. 
Ixxxviii.  xc.  and  xci. ;  and  in  the  Philos.  Trans,  for  1814  and  1815. 
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to  which  it  oww  the  name  of  iodine.  (From  iJJat^  Tidetcoloiired.)  This 
vmpoar  is  remarkably  dense,  its  specific  gravity  by  escalation,  page  146, 
bemg  a7090,  or  8.716  as  directly  observed  by  Dumas.  Hence  100  cnbio 
inches,  at  the  standard  temperature  and  pressure,  must  weigh  269.9638 
grains. 

Iodine  is  a  non-conductor  of  electricity,  and,  like  oxygen  and  chlorine,  is 
a  negative  electric.  It  has  a  very  acrid  taste,  and  its  odour  is  almost  exactly 
simikr  lo  that  of  chlorine,  when  much  diluted  with  air.  It  acts  ener|retically 
on  the  animal  system  as  an  irritant  poison,  but  is  employed  medicmally  in 
▼er^  small  doses  with  advantage. 

Iodine  is  very  sparingly  soluble  in  water,  requiring  about  7000  times  its 
weight  of  that  liquid  for  solution.  It  communicates,  however,  even  in  ihis 
minute  quantity,  a  brown  tint  to  the  menstruum.  Alcohol  and  ether  dis- 
solve it  freely,  and  the  solution  has  a  deep  reddish-brown  odour. 

Iodine  possesses  an  extensive  range  of  afl^ity.  It  destroys  vegetable 
colours,  though  in  a  much  less  degree  than  chlorine..  It  manifests  tittle 
disposition  to  combine  with  metallic  oxides ;  but  it  has  a  strong  attraction 
far  the  pure  metals,  and  for  most  of  the  simple  non-metallic  substances,  pro- 
ducing compounds  which  are  termed  iodides  or  iodureU,  It  is  not  inflam- 
mable ;  but  under  favourable  circumstances  may,  like  chlorine,  be  made  to 
unite  with  oxygen.  A  solution  of  the  pure  alkalies  acts  upon  it  in  the 
same  manner  as  upon  chlorine,  giving  rise  to  decomposition  of  water,  and 
the  formation  of  an  iodate  and  iodide. 

Pure  iodine  is  not  influenced  chemically  by  the  imponderables.  Exposure 
to  the  direct  solar  rays,  or  to  strong  shocks  of  electricity,  does  not  change 
its  nature.  It  may  be  passed  through  red-hot  tubes,  or  over  intensely 
ignited  charcoal,  without  any  appearance  of  decomposition ;  nor  u  it  affected 
hy  the  agency  of  galvanism.  Chemists,  indeed,  are  unable  to  resolve  it  into 
more  simple  parts,  and  consequently  it  is  regarded  as  an  elementary 
principle. 

The  violet  hue  of  the  vapour  of  iodine  is  for  many  purposes  a  sufficiently 
sure  indication  of  its  presence.  A  far  more  delicate  test,  however,  was  dis- 
covered by  Colin  and  Gaoltier  de  daubry.  They  found  that  iodine  has  the 
property  of  uniting  with  starch,  and  of  forming  with  it  a  compound  insolu- 
ble in  cold  water,  which  is  recognized  with  certainty  by  its  deep  blue  co- 
lour. This  test,  according  to  Stromeyer,  is  so  delicate,  that  a  liquid,  con- 
taining^ 1^-450,000  of  its  weight  of  iodine,  receives  a  blue  tinge  from  a  solu^ 
tion  of  starch.  Two  precautions  should  be  observed  to  insure  success.  In 
the  first  place,  the  iodine  must  be  in  a  free  state ;  for  it  is  the  iodine  itself 
only,  and  not  its  compounds,  which  unites  with  starch.  Secondly,  the  solu- 
tion should  be  quite  cold  at  the  time  of  adding  the  starch ;  for  hot  water  dis- 
solves the  blue  compound,  and  forms  a  colourless  solution. 
^  Berzelius  determmed  the  equivalent  of  iodine  by  exposing  fused  iodide  of 
silver  to  a  current  of  chlorine  gas,  whereby  the  iodine  was  expelled  and 
chloride  of  silver  generated.  Through  the  known  composition  of  chloride  of 
silver  he  inferred  that  of  the  iodide,  and  thence  found  that  the  equivalent  of 
iodine  is  126.3. 

The  composition  of  the  compounds  of  iodine  described  in  this  section  is 
as  follows : — 

Iodine.  Equiv.       Formule. 

^add^"^  1 1263      leq. -fl      1  eq.   hydrogen=127.3.   H+IorHI. 
Oxide  of     ^ 

iodine       >  Composition  unknown, 
lodousacidj 

Iodic  acid      126.3      1  eq. +40    5  eq.  oxygen    ssl66.3.     I^-SOorL 

Periodicacid  1263      leq.-f56    7  eq,     ditto      sl82J.    I-f  70  or    L 

^f ^^o  \  <^"P<»»^«^  unknown. 
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Iodine.  Eqvdr.      FormuhB. 

-rfSt^n  (  ^^®-^  ^  ®^-  +14.15  1  eq.   nitrogen  =393.05.  N  +31  or  NI^. 

^fjl^  1 378.9  3  eq.  +31.4     2  eq.     do.  =410.3.  2P+3I  or  T»l\ 

^^f>M.    \  ^^-^  ^  ^-  +^^ -^     ^  *^*     '*°-  =6<®-9-  2P  +51  or  P«R 

**^!dphlfr  I  CompoeiUon  unknown, 
^of^rton  I  Composition  nnknown. 
^  rf  ^r^'n  S  Co«"ix»ition  unknown. 

Hydriodie  aeid.'-^Thia  compound  ie  formed  by  the  direct  union  of  its 
elemenU,  when  a  mixture  of  hydrogen  gna  and  iodine  vapoar  are  transmitted 
through  a  porcelain  tube  at  a  red  heat.  A  more  convenient  process,  and 
by  which  it  is  obtained  in  a  pure  state,  is  by  tlie  action  of  water  on 
the  periodide  of  phoephorus.  Any  convenient  quantity  of  the  iodido  is 
pnt  into  a  small  glnss  retort,  together  with  a  little  water,  and  a  gentle 
neat  is  applied.  Mutual  decomposition  ensues ;  the  oxygen  of  the  water 
unites  with  phosphorus,  and  its  hydrogen  with  iodine,  giving  rise  to  the 
formation  of  phosphoric  and  hydriodie  acids,  the  latter  of  wliich  passes 
oi?er  in  the  form  of  a  colourless  gas.  The  preparation  of  the  iodide  re- 
quires care;  since  phosphorus  and  iodine  act  so  energetically  on  each 
other  by  mere  contact,  that  the  phosphorus  is  generally  inflamed,  and  a 
oreat  part  of  the  iodine  expelled  in  the  form  of  vapour.  This  inconvenience 
If  avoided  by  putting  the  phosphorus  into  a  tube,  sealed  at  one  end  and  about 
twelve  inches  long,  displacing  the  air  by  a  current  of  dry  carbonic  acid  eas, 
then  gradually  adding  the  iodine,  and  promoting  the  action  towards  tlie  close 
by  a  gentle  heat  The  materials  should  be  well  dried  with  bibulous  paper, 
and  the  iodide  preserved  in  a  well  stopped  dry  vessel ;  for  even  atmospheric 
humidity  gives  rise  to  copious  white  fumes  of  hydriodie  acid.  The  propor- 
tions usually  employed  are  one  part  of  phosphorus  to  abdot  twelve  of  iodine. 

Another  process  has  been  recommended  by  M.  F.  d*Arcet,  which  consists 
in  evaporating  hypophosphorous  acid  until  it  begins  to  yield  phosphuretted 
hydrogen,  mixing  it  with  an  equal  weight  of  i(^ine,  and  applying  a  gentle 
heat  Hydriodie  acid  gas  of  great  purity  is  then  rapidly  disengaged;  its 
production  depending,  as  in  the  former  process,  on  the  decomposition  of 
water. 

Hydriodie  acid  gas  has  a  very  sour  taste,  reddens  vegetable  blue  colours 
without  destroying  them,  produces  dense  white  fumes  when  mixed  with  at- 
mospheric air,  and  has  an  odour  similar  to  that  of  hydrochloric  acid  gas. 
The  salts  which  it  forms  with  alkalies  are  called  hydrtodates.  Like  hydro- 
ehloric  acid  gas,  it  cannot  be  collected  over  water ;  for  that  liquid  dissolves  it 
in  large  quantity. 

H^drioidic  acid  is  decomposed  by  several  substances  which  have  a  strong 
affinity  for  either  of  its  elements.  Thus  oxygen  gas,  when  heated  with  it, 
onites  with  its  hydrogen,  and  liberates  the  iodine.  Chlorine  effects  the  de- 
composition instantly;  hydrochloric  acid  gas  is  produced,  and  the  iodine 
appears  in  the  form  of  vapour.  With  strong  nitrous  acid  it  takes  fire,  and 
the  vapour  of  iodine  is  set  free.  It  is  also  decomposed  by  mercury.  The  de- 
composition  begins  tis  soon  as  hydriodie  acid  gas  comes  in  contact  with 
mercury,  and  proceeds  steadily,  and  even  quickly  if  the  gas  is  agitated,  till 
nothing  but  hydrogen  remains.  Gay-Lussac  ascertained  by  this  method  thai 
100  measures  of  hydriodie  acid  gas  contain  precisely  half  their  volume  of 
hydrogen.  Assuming  it  to  consist  of  equal  volumes  of  hydrogen  gas  and 
MxBne  vapour  onited  without  any  condensation,  then,  since 
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Gnint. 
50  cubic  inthm  of  the  Tapour  of  iodine  weigh         .         1349319 
50        do.  hydrogen  gas 1.0683 

100  cubic  inches  of  hydriodic  acid  gas  shoald  weiffh  136.0003 

These  numbers  are  obviously  in  the  ratio  of  1  to  126.3,  the  equindents  of 
iodine  and  hydrogen.  On  the  same  principles  the  density  of  the  gas  should 
be  43854,  which  is  probably  more  correct  than  4443,  a  number  found  experi- 
mentally by  Gay-Lussac.  (An.  de  Ch.  xci.  16.)  From  these  coincidences 
there  is  no  doubt  that  100  measures  of  hydriodic  acid  gas  contain  50  mea« 
sures  of  hydr(»gen  gas  and  50  of  the  vapour  of  iodine. 

When  hydriodic  acid  gas  is  conducted  into  water  till  that  liquid  is  fully 
charged  with  it,  a  coburless  acid  solution  is  obtained,  which  emits  White 
fomee  on  exposure  to  the  air,  and  has  a  density  of  1.7.  It  may  be  prepared 
also  by  transmitting  a  current  of  bydrosulphuric  acid  gas  through  water  in 
which  iodine  in  fine  powder  is  suspended.  The  iodine,  from  having  a  greater 
affinity  than  sulphur  for  faydroffen,  decomposes  the  bydrosulphuric  acid; 
and  hence  sulphur  is  set  free,  and  hydriodic  acid  produced.  As  soon  as  the 
iodine  has  disappeansd,  and  become  colourless,  it  is  heated  for  a  short  time 
to  ejqiel  the  excess  of  bydrosulphuric  acid,  and  subsequently  filtered  to  sepa- 
rate five  sulphur. 

The  solution  of  hydriodic  acid  is  readily  decomposed.  Thus,  on  exposure 
during  a  fisw  hours  to  the  atmosphere,  the  oxygen  of  the  air  forms  water 
with  the  hydrogen  of  the  acid,  and  seta  iodine  free.  The  solution  is  found 
to  have  aoquirMi  a  yellow  tint  from  the  presence  of  uncombined  iodine,  and 
a  Uue  ooloor  is  occasioned  by  the  addition  of  starch.  Nitric  and  sulphurio 
acids  likewise  decompose  it  by  yielding  oxygen,  the  former  being  at  the 
same  time  converted  into  nitrous,  and  the  latter  into  sulphurous  add.  Chlo- 
rine unites  directly  with  the  hydrogen  of  the  hydriodic  acid,  and  hydrochlo- 
ric acid  is  formed.  The  separation  of  iodine  in  all  these  cases  may  be  proved 
in  the  way  Just  mentioned.  These  circumstances  afford  a  sure  test  of  the 
presence  of  hydriodic  acid,  whether  free  or  in  combination  with  alkalies. 
All  that  is  necessary,  is  to  mix  a  cold  solution  of  starch  with  the  liquid,  pre- 
viously  concentrated  by  evaporation  if  necessary,  and  then  add  a  few  drops 
ofBtraog  sulphuric  acid.  A  blue  colour  will  make  its  appearance  if  hydrio- 
dic acid  is  present 

Oxide  of  ModUu  and  JbdSovs  Acids — M.  Sementini,  of  Naples,  states  that 
on  mixing  the  vapour  of  iodine  and  oxygen  gas  considerably  heated,  the 
violet  tint  of  the  former  disappears,  and  a  yellow  matter  of  the  oonsistenoe 
of  solid  ml  is  generated.  This  he  regards  as  oxide  of  iodine ;  and  if  the  mip~ 
ply  of  oxygen  be  kept  up  after  its  formation,  it  is  converted  into  a  yellow 
liquid,  wfaldi  he  supposes  to  be  iodoos  acid.  From  the  mode  in  which  the 
process  is  described,  there  can  scarcely  be  a  doubt  that  some  compoimd  of 
iodine  and  oijgen  is  thus  formed;  but  its  composition  and  properties  have 
not  been  satisnictorily  made  out  (Quarterly  Joum.  of  Science,  N.  S.  i.  478.) 

MitscherUch  has  observed,  that  on  dissolving  iodine  in  a  rather  dilute  so- 
lution of  soda,  until  the  solution  began  to  acquire  a  red  tint,  permanent 
crystals  were  obtained  by  spontaneous  evaporation.  They  had  the  form  of  a 
nx.saded  prism,  and  dissolved  in  cold  water  without  change ;  but  by  the  ac- 
tion of  water  moderately  heated,  or  by  alcohol,  they  were  converted  into 
iodate  of  soda  and  iodide  of  sodium.  On  the  addition  of  an  acid,  iodine  and 
iodic  acid  were  set  at  liberty.  From  these  Acts  the  crystals  were  inforred 
to  be  iodite  of  soda.  (An.  de  Ch.  et  de  Ph.  xxx.  84.) 

Jbite  Acid. — ^This  acid  was  discovered  at  about  the  same  time  by  Gay- 
LoMac  and  Davy ;  but  the  latter  first  succeeded  in  obtsining  it  in  a  state  of 
P||Brfect  purity.  When  iodine  is  brought  into  contact  with  protoxide  of  chlo- 
rine, immediate  action  ensues;  the  chlorine  of  the  protoxide  unites  with  one 
portion  of  io^ne,  and  its  oxygen  with  another,  forming  tvro  compounds,  a 
volatile  orange-coloured  matter,  chloride  of  iodine,  and  a  white  solid  sub- 
stance, which  is  iodic  odd.    On  applying  heat,  the  former  passes  off  in  va- 
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pour,  and  the  hitter  remains.  (Philos.  Trans,  for  1815.)  ScrulUs  has  obtain- 
ed it,  in  the  form  of  hexagonal  lamine,  by  evaporating  in  a  warm  place  its 
solation  either  in  water,  or  in  solphario  or  nitric  acid.  The  method  which 
he  fiHind  moat  convenient  is  b^  rorming  a  solution  of  iodate  of  soda  in  a 
considerable  excess  of  sulphoric  acid,  keeping  it  at  a  boiling  temperature 
for  twelve  or  fifteen  minutes,  and  then  setting  it  aside  to  crystallize.  (An. 
de  Ch.  et  de  Ph.  xUii.  216.)  Iodic  acid  may  also  be  formed  by  dissolving 
perchloride  of  iodine  in  water,  and  gradually  adding  a  large  quantity  of 
strong  aulpburic  acid,  a  rise  of  temperature  being  at  the  same  time  prevent- 
ed by  the  appUcation  of  cold.  Iodic  acid  will  tlien  be  precipitated.  Another 
process,  suggested  by  Mr.  Conncll  of  Eldinburgh,  is  by  boiling  iodine  in  ni- 
tric acid.  For  this  purpose  a  pure  acid  of  density  1.5  should  be  introduced 
along  with  about  a  fifth  of  its  weight  of  iodine  into  a  tube  sealed  at  one  end, 
about  an  inch  wide  and  15  inches  long,  and  these  materials  be  kept  at  a  boil- 
ing  temperature  for  at  least  twelve  hours.  As  the  iodine  rises  and  condenses 
on  the  sides  of  the  tube,  it  should  be  restored  to  the  liquid,  either  by  a^ta^ 
tion  or  b^  help  of  a  glass  rod.  As  soon  as  the  iodine  disappears,  the  mtric 
acid  is  dissipated  by  cautious  evaporation. 

This  compound,  which  was  termed  oxiodine  by  Davy,  is  anhydrous  iodic 
acid.  It  is  a  white  semitransparent  solid,  which  has  a  strong  astringent 
sour  taste,  but  no  odour.  Its  density  is  considerable,  as  it  sinks  rapidly  in 
sulphuric  acid.  When  heated  to  the  temperature  of  about  500°  F.  it  is 
fused,  and  at  the  same  time  resolved  into  oxygen  and  iodine.  In  a  dry  air 
it  is  unchanged;  but  in  a  moist  atmosphere  it  absorbs  humidity, forming  the 
hydrated  acid,  and  eventually  deliquesces.  In  water  it  is  very  soluble,  and 
the  solution  has  a  distinct  acid  reaction :  the  bleaching  power  ascribed  to  it 
by  Davy  is  said  by  Mr.  Hiloy  not  to  be  a  property  of  pure  iodic  acid.  (Lao- 
oet  for  JuIt  1833.)  On  evaporating  the  solution,  a  thick  mass  of  the  con- 
sistence of  paste  is  left,  which  is  hydrous  iodic  acid;  and  which,  by  the 
cautious  application  of  heat,  may  be  rendered  anhydrous.  It  acts  powerful, 
ly  on  inflammable  substances.  With  charcoal,  sulphur,  sugar,  and  similar 
combustibles,  it  forms  mixtures  which  detonate  when  h^ted.  It  eniers 
into  combination  with  metallic  oxides,  and  the  resulting  salts  are  called 
iodaiet.  These  compounds,  like  the  chlorates,  yield  pure  oxygen  by  heat, 
and  deflagrate  when  thrown  on  burning  charcoal. 

Iodic  acid  forms  with  the  pure  alkalies,  salts  which  are  soluble  in  water ; 
but  with  lime,  baryta,  strontia,  and  the  oxides  of  lead  and  silver,  it  yields 
compounds  of  very  sparing  solubility.  It  is  readily  detected  by  the  facility 
with  which  it  is  deoxidized,  an  efiect  readily  produced  by  the  sulpburous, 
phosphorous,  hydriodic,  and  hydrosulphuric  acids.  Iodine  in  each  cwae  is 
set  at  liberty,  and  may  be  detected  as  usual  by  starch.  Hydrochloric  and 
iodic  acids  decompose  each  other,  water  and  chloride  of  iodine  being  gene- 

Dayif  ascertained  the  composition  of  iodic  acid,  as  given  at  page  227,  by 
determining  the  quantity  of  oxygen  which  the  acid  loses  when  decomposed 
by  heat;  and  Gay-Lussac  arrived  at  the  same  result  by  heating  iodate  of 
potassa,  when  pure  oxygen  was  given  off*  and  iodide  of  potassium  re- 
mained. 

Periodic  ilctd.— This  compound  has  been  lately  discovered  by  Ammer. 
mOUer  and  Magnus.  (Poggen.  Annalen,  xxyiii.  514.)  When  pure  soda  is 
mixed  with  a  solution  of  iodate  of  soda,  and  chlorine  gas  is  transmitted 
into  it  to  saturation,  a  sparingly  solnble  white  pulverulent  salt  is  generated, 
which  subsides  after  heating,  and,  if  necessary,  concentrating  the  solution. 
This  salt  is  periodate  of  soda,  the  production  of  which  appears  to  depend  on 
the  formation  of  chloride  of  sodium,  and  the  union  of^the  oxygen  of  the 
soda  with  the  iodine  of  the  iodic  acid.  For  each  equivalent  of  periodic 
acid,  two  eq.  of  chloride  of  sodium  should  be  generated;  since  the  materials 
1+ 50,  2  (Na + O).  2  CI,  just  suffice  for  yielcSng  I  +  70,  and  2  (Na  +  CI). 
On  dissolvini^  the  periodate  of  soda  in  dilute  nitrio  acid,  and  adding  nitrate 
of  oxide  of  silver,  the  periudate  of  this  oxide,  of  a  greenish-yellow  cdonr. 
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,  which  shoald  be  wanhed  with  water  acidulated  with  nitric  acid. 
This  yellow  aalt  is  Bolabk  in  hot  dilute  nitric  acid,  and  separatee  again  on 
oooting  in  email  shining  straw-jellow  crystals,  which  by  digestion  with 
warm  water  aeqoire,  wiUiout  dissolving,  a  reddiah-brown  ahnoet  black  co- 
ioar.  If  the  nitric  acid  solution  of  the  yellow  salt  is  so  far  concentrated  by 
erapfiration,  that  it  crystallizes  while  still  warm,  orange-coloured  crystaJs 
•obside.  These  three  salts  are  readily  analyzed  by  exposure  to  a  red  heat 
in  a  glass  tube,  when  iodine  and  metallic  silver  remain  in  the  tube,  and 
oxygen  ^fas,  along  with  water  when  water  is  present,  is  expelled.  Their 
composition  is  as  follows: — 

Oxide  of  Silver.  Periodic  Acid.      Water.  Formuhe. 

Yeaowsalt      332  3  eq.        183.3  leq.        27  3  eq.        Ag*>*I+3H. 
l&dsalt  333  3  eq.        183.3   leq.        18  3  oq.        Ags  1+311. 

Orange  salt      116  leq.        183.3   leq.  Agl!' 

The  tvro  former  are,  therefore,  bydrated  subperiodates  of  oxide  of  silver, 
and  the  latter  a  neutral  periodate.  This  neutral  salt  has  the  peculiarity, 
that  by  pure  cold  water  it  is  converted  into  the  yellow  subsalt,  while  the 
water  tatkes  up  exactly  half  of  its  acid  without  a  trace  of  silver.  By  this 
means  a  pore  solution  of  periodic  acid  may  be  obtained. 

Periodic  acid  is  analogous  in  composition  to  perchloric  acid,  and  has  de- 
cided acid  properties.  Its  solution  may  be  boiled  without  decomposition, 
and  oo  evaporation  the  acid  yields  crystals,  which  do  not  change  by  ex- 
posnre  to  the  air.  By  hydrochloric  acid  it  u  reduced  to  iodic  acid  with 
disengagement  of  chlorine,  and  the  same  change  will  of  course  bo  produced 
by  substances  which  decompose  iodic  acid.  When  the  heat  is  increased  be- 
jnond  2120  Qthe  precisepoint  is  not  stated)  periodic  acid  loses  oxygen,  and 
iodic  acid  remains.  Thus  is  periodic  more  easy  of  decomposition  than 
iodic  acid. 

Chlonde9  of  iNliiM.— Chlorine'  is  absorbed  at  common  temperatures  by 
dry  iodine  with  evdation  of  heat,  and  a  solid  compound  of  iodine  and  chlo- 
rine results,  which  was  discovered  both  by  Davy  and  Gray-Luasac.  The 
oolonr  of  the  product  is  orange-yellow  when  the  iodine  is  folly  saturated 
with  chlorine,  but  is  of  a  reddiBh-orange  if  iodine  is  in  excess.  It  is  oon- 
Torted  by  heat  into  an  orange-coloured  liquid,  which  yields  a  vapour  of  the 
same  tint  on  increase  of  temperature.  It  deliquesces  in  the  open  air,  and 
dissolves  freely  in  water.  Ita  solution  is  colourless,  very  sour  to  the  taste, 
and  reddens  vegetable  blue  colours,  but  afterwards  destrovs  them.  From 
ita  acid  properties  Davy  gave  it  the  name  of  chloriodic  aetd.  Gay-Lussac, 
on  the  contiury,  calls  it  CMoride  of  iodine^  conceiving  that  the  acidity  of  ita 
■ointion  arises  from  the  presence  of  hydrochloric  and  iodic  acids,  which  he 
WHiposes  to  be  generated  by  decomposition  of  water.  From  the  observa- 
tions of  Serullas  and  Dumas,  it  appears  tliat  there  exist  two  compounds  of 
chlorine  and  iodine,  by  the  different  action  of  which  on  water  the  discordant 
opinions  of  Davy  and  Gray-Lussac  may  be  expbined.  The  chloride  is 
soluble  in  water,  alcohol,  and  ether  without  change ;  but  the  percfaloride  is 
resolved  hr  water  into  hydrochloric  and  iodic  acids,  the  latter  of  which  may 
be  precipitated  either  by  rectified  alcohol  or  strong  sulphuric  acid.  The 
substance  commonly  obtained  by  transmitting  chlorme  gas  over  iodine  is  a 
mixture  of  the  two  chlorides;  and  on  dissolving  it  in  water,  and  agitating 
with  ether,  the  undecomposed  chloride  is  removed  by  the  ether,  while  the 
iodic  acid  of  the  decomposed  perchbride  is  precipitated.  The  composition 
of  these  chlorides  has  not  been  precisely  determined.  They  are  both  oon- 
verted  by  dkaline  solutions  into  hydrochloric  and  iodic  acids. 

Teriodide  of  iVtlro^eit^— From  the  weak  aflbnity  that  existo  between 
iodine  and  nitrogen,  these  substances  cannot  be  made  to  unite  directly. 
Bat  when  iodine  is  put  into  a  solution  of  ammonia,  the  alkali  is  deoom* 
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poMd;  iti  elementi  unite  with  diflferant  portions  of  iodine,  and  thin  eame 
the  formatioo  of  hydriodic  acid  and  iodide  of  nitrogen.  The  latter  aabaidee 
in  the  form  of  a  dark  powder,  which  is  characterized,  like  quadrochloride  of 
nitrc«en,  by  its  ezpkMive  property.  It  detonates  viofently  as  soon  as  it  is 
dried;  and  slight  pressure,  while  moist,  produces  a  similar  eflect  Heat  and 
light  are  emitted  during  the  explosion,  and  iodine  and  nitrogen  axe  set  free. 
According  to  the  experiments  of  M.  Ckilin,  iodide  of  nitr^en  consists  of 
one  equiv^ent  of  nitrogen  and  three  of  iodine. 

It  is  conveniently  made,  according  to  SeroUas,  by  saturating  alcohol  of 
0.853  with  iodine,  adding  a  large  quantity  of  pure  ammonia,  and  agitating 
the  mixture.  On  diluting  with  water,  tenodide  of  nitrogen  subsides,  whion 
should  be  washed  by  repeated  affusion  of  water  and  decantation.  As  thus 
prepared  it  is  ver^  finely  divided,  and  may  be  pressed  under  water  without 
detonating ;  but  if,  Bubseaoently  to  its  formation,  it  is  put  in  contact  with 
pure  ammonia,  it  will  afterwards  detonate  with  the  same  &cility  as  that 
prepared  in  the  usual  manner. 

Serullas  has  also  remarked  that  water  and  teriodide  of  nitrogen  mutually 
decompose  each  other,  giving  rise  to  the  formation  of  hydriodic  and  iodic 
acids  and  ammonia.  The  change  takes  place  slowly  in  coM  water;  bat  it 
is  completed  in  a  few  minutes,  and  with  scarcely  any  disengagement  of 
nitro^ren,  when  gentle  heat  is  applied.  When  a  little  nitric  or  sulphuric 
acid  IS  used,  ammonia  and  iodic  acid  are  alone  produced.  (An.  de  Ch.  et  de 
Ph.  xUi.  201.) 

lodidea  ef  PhoaphoruM^ — Iodine  and  phosphorus  combine  readily  in  the 
cold,  evolving  so  much  heat  as  to  kindle  the  pbosphonis,  if  the  experiment 
is  made  in  the  open  air;  but  in  close  vessels  no  liffht  appears.  One  of 
these  oompounds,  apparently  a  protiodide,  is  formed  of  1  part  of  phosphoms 
and  7  or  8  parts  of  iodine.  It  has  an  orange  colour,  fuses  at  812^,  sublimes 
unchanged  by  heat,  and  is  decomposed  by  water,  with  the  elements  of 
which  it  gives  rise  to  hydriodic  and  phosphorous  acids,  while  pbosphonia  is 
setflree. 

The  sesquiodide  is  formed  by  the  action  of  1  part  of  phosphorus  and  IS  of 
iodine.  It  appears  as  a  dark  my  crystalline  mass,  fusible  at  84°^  and  yields 
with  water  hydriodic  and  phosphorous  acids,  from  which  circumstance  its 
elements  are  supposed  to  be  in  the  ratio  of  two  eq.  of  phosphoms  to  three  eq. 
of  iodine. 

The  periodide  is  prepared  with  1  part  of  phosphorus  and  20  of  iodine,  and 
is  a  black  compound,  fusible  at  114°.  As  by  the  action  of  water  it  yields 
hydriodic  and  phosphoric  acids  only,  it  is  inferred  to  contain  phosphonw 
and  iodine  in  the  ratio  of  two  eq.  to  five  eq.    Thus 

J  eq.  periodide  phos,&5  eq.  waterS  1  eq.  phos.  acid  &  5  eq.  hydriodic  acid. 
3P+51  5(H+0)   S     2P+50  5(H+1) 

Iodide  of  Siilnkur.^^Th\M  compound  is  formed  by  beating  gently  4  parts 
of  iodine  with  1  of  sulphur.  The  product  has  a  dark  colour  and  radiated 
appearance  like  antimony.    Its  elements  are  easily  disunited  by  heat. 

Periodide  of  Carbon, — ^When  a  solution  of  pure  potassa  in  alcohol  is 
mixed  with  an  alcoholic  solution  of  iodine,  a  portion  of  alcohol  is  deoom- 
posed ;  and  its  hydrogen  and  carbon,  uniting  separately  with  iodine,  give 
rise  to  periodide  of  carbon  and  hydriodic  atnd.  The  latter  combines  with 
the  potassa,  and  remains  in  solotion.  The  former  has  a  yellow  colour  like 
sulphur,  and  forms  scaly  crystals  of  a  pearly  lustre ;  iu  taste  is  very  sweet, 
and  it  has  a  strong  aromatic  odour  resemUiog  M^ron.  It  was  discovered 
by  Serullas,  and  described  by  him  as  a  hydrocarbnret  of  iodine ;  but  its  real 
nature  was  pointed  out  by  Mitsoherlich.    An.  de  Ch.  de  Ph.  xxxvii.  86.) 

The  protiodide  is  formed  by  distilling  a  mixture  of  the  preceding  com. 
pound  with  corrosive  sublimate.  It  is  a  liquid  of  a  sweet  taste,  and  has  a 
penetrating  ethereal  odour. 
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BROMINE. 

Bkomihi  was  discovered  in  1826  by  M.  Balard  of  Montpellier.  The  name 
originally  applied  to  it  was  muride,  but  the  term  brmae  or  bromine^  fiom 
f^f0fA6i  gmveoUtUia,  signifying  a  strong  or  rank  odour,  has  since  been 
substituted.  (An.  of  PhiL  xviii.  381.) 

Bromine  in  iU  chemical  relations  bears  a  dose  analogy  to  chlorine 
and  iodine,  and  has  hitherto  been  always  found  in  nature  associated  with 
the  former,  and  sometimes  also  with  the  latter.  It  exists  in  sea-water 
in  the  form  of  bromide  of  sodium  or  magnesium.  Its  relative  quan- 
tity, however,  is  wery  minute;  and  even  the  uncrystallizable  residue 
called  bUterrif  left  after  chloride  of  sodium  has  been  separated  from  sea- 
water  by  cry^allization,  contains  it  in  small  proportion.  It  may  apparently 
be  regarded  as  an  essential  ingredient  of  the  saline  matter  of  the  ocean ;  for 
it  has  been  detected  in  the  waters  of  the  Mediterranean,  Baltic,  North  Sea, 
and  Frith  of  Forth.  It  has  also  been  found  in  the  waters  of  the  Dead  Sea, 
and  in  a  variety  of  salt  springs  in  Grermany.*  Dr.  Daubeny  has  detected  it 
in  several  mineral  springs  in  England ;  and  states  that  it  is  rarely  wanting 
in  those  springs  which  contain  much  common  salt,  except  that  of  Droitwich  in 
Worcestershire.  Balard  found  that  it  ex^ts  in  marine  plants  growing  on 
the  shores  of  the  Mediterranean,  and  has  procured  it  in  appreciable  quantity 
from  the  ashes  of  sea-weeds  that  furnish  iodine.  He  hais  likewise  detected 
its  presence  in  the  ashes  of  some  animals,  especially  in  those  of  the  Jantkijia 
mJaeea^  one  of  the  testaceous  moUusca. 

At  common  temperatures  bromine  is  a  liquid,  the  colour  of  which  ifi 
Uackish-red  when  viewed  in  mass  and  by  reflected  light,  but  appears  hyacinth- 
red  when  a  thin  stratum  is  interposed  between  the  light  and  the  observer. 
Its  odour,  which  somewhat  resembles  that  of  chlorine,  is  very  duagreeable, 
and  its  taste  powerful  Its  specific  gravity  is  about  3.  Its  volatility  is  con- 
siderable :  for  at  common  temperatures  it  emits  red-coloured  vapours  which 
are  very  similar  in  appearance  to  those  of  nitrous  acid;  and  at  116.5°  it  enters 
into  ebullition.  B^  a  temperature  between  zero  and  — 4P  it  is  congealed, 
and  in  that  state  is  brittle.  The  density  was  found  by  Mitscherlich  to  be 
5.54,  and  the  number  calculated  (page  146)  from  its  eauivalent  is  5.4017 : 
100  cubic  inches  at  60°  and  30  inches  Bar.  should  weigh  167.5158  grains. 

Bromine  is  a  non-conductor  of  electricity,  and  undergoes  no  diemical 
change  whatever  from  the  agency  of  the  imponderables.  It  may  be  trans- 
mitted through  a  red-hot  glass  tube,  and  be  exposed  to  the  agency  of 
galvanism,  without  evincing  the  least  trace  of  decomposition.  Like  oxygen, 
chlorine,  and  iodine,  it  is  a  negative  electric.  Bromine  is  soluble  in  water, 
alcohol,  and  ether,  the  latter  being  its  best  solvent  It  does  not  redden  litmus 
paper,  but  bleaches  it  rapidly  like  chlorine;  and  it  likewise  discharges  the 
Uue  colour  from  a  solution  of  indigo.  Its  vapour  extinguishes  a  lighted 
taper ;  but  before  going  out,  it  burns  for  a  few  seconds  with  a  flame  which 
is  green  at  its  base  and  red  at  its  upper  part  Some  inflammable  substances 
take  fire  by  contact  with  bromine,  in  the  same  manner  as  when  introduced 
into  an  atmosphere  of  chlorine.  It  acts  with  energy  on  organic  matters 
auch  as  wood  or  cork,  and  corrodes  the  animal  texture ;  but  if  applied  to 


*  Some  of  the  salt  springs  of  Germany  furnish  a  good  deal  of  bromine. 
The  saline  at  Theodorshalle,  near  Kreuznach,  contains  a  suflicient  quantity 
to  make  its  extraction  profitable.  A  quintal  (100  lbs.)  of  the  mother-waters 
of  this  spring  yields  two  ounces  and  one  drachm  of  bromine^^-Ber^^^^tMy 
THUi  Je  C&mte,  i.  393^JSc;. 
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tha  tkin  for  a  short  time  only,  it  commonicatM  a  yellow  atain,  which  is  leas 
intense  than  that  produced  by  iodine,  and  soon  dimppears.  To  animal  life 
it  is  hiffbly  de8trttcti?e,  one  drop  of  it  placed  on  the  beak  of  a  bird  having 
proved  fatal. 

From  the  dose  resemblance  observable  between  chlorine  and  bromine, 
Balard  was  of  course  led  to  examine  its  relations  with  hydrogen,  and  found 
that  these  substances  may  readily  be  made  to  unite ;  the  product  of  the 
combination  being  a  gas  very  similar  to  hydrochloric  and  hydriodic  acid 
gases,  whence  it  has  received  the  name  of  hydrohromie  acid  gas.  In  its 
action  on  metals,  also,  bromine  presents  the  closest  similarity  to  that  which 
chlorine  exerts  on  the  same  substances.  Antimony  and  tin  take  iire  by  con- 
tact with  bromine;  and  its  union  with  potassium  is  attended  with  such 
intense  heat  as  to  cause  a  vivid  flash  of  liffht,  and  often  to  burst  the  vessel 
in  which  the  experiment  is  performed.  Its  affinity  for  metallic  oxides  is 
feeble.  By  the  action  of  alkalies  it  is  resolved  into  hydrohromie  and  bromie 
acids,  suroring  the  same  kind  of  change  as  chlorine  or  iodine,  when 
similarly  treat^. 

Bromine  is  usually  extracted  from  bittern,  and  its  mode  of  preparation  is 
founded  on  the  property  which  chlorine  possesses  of  decomposing  hydro- 
hromie acid,  uniting  with  its  hydrogen,  and  setting  bromine  at  liberty. 
Accordingly,  on  adding  chlorine  to  bittern,  the  free  oromine  immediately 
communicates  an  orange*yellow  tint  to  that  liquid;  and  on  heating  the 
■dtttion  to  iti  boiling  point,  the  red  vapours  of  bromine  are  expelled,  and 
may  be  condensed  by  being  conducted  into  a  tube  surrounded  with  ice.  It 
was  this  change  of  colour  produced  bv  chlorine  that  led  to  the  discovery  of 
bromine.  The  method  recommended  by  Balard  for  procuring  this  substance 
as  well  as  for  detecting  the  presence  of  hydrohromie  acid,  is  to  transmit  a 
current  of  chlorine  gas  through  bittern,  and  then  to  agitate  a  portion  of 
sulphuric  ether  with  the  liquid.  The  ether  dissolves  the  whole  of  the  bro- 
mine, from  which  it  receives  a  beautiful  hyacinth-red  tint,  and  on  standing 
it  rises  to  the  surface.  When  the  ethereal  solution  is  agitated  with  caustic 
potassa,  its  colour  entirely  disappears,  owing  to  the  formation  of  bromide  of 
potassium  and  bromate  of  potassa,  the  former  of  which  is  obtained  in  cabic 
crystals  by  evaporation.  The  bromine  may  then  be  set  free  by  means  of 
chlorine,  and  separated  by  beat*  Balard  has  subsequently  improved  the 
process  so  much,  that  it  is  now  produced  in  considerable  quantity,  and  sold 
m  Paris  as  an  article  of  commerce. 

According  to  all  the  experiments  hitherto  ms^e,  bromine  appears  to  be 
an  element  It  is  so  very  similar  in  most  aspects  to  chlorine  and  iodine, 
and,  in  the  order  of  its  chemical  relations,  is  so  constantly  intermediate 
between  them,  that  Balard  at  first  supposed  it  to  be  some  unknown  com- 
pound  of  these  substances.  There  seems,  however,  to  be  no  good  ground 
lor  the  supposition;  but  on  the  contrary,  an  experiment  performed  by 
De  la  Rive  affords  a  very  strong  argument  against  it  He  finds  that  when 
a  compound  of  bromine  and  iodine  is  mixed  with  starch,  and  exposed  to  the 
influence  of  galvanism,  bromine  appears  at  the  positive  and  iodine  at  the 
negative  wire,  where  the  starch  acquires  a  blue  tint  On  making  the 
experiment  with  bromine  containing  a  little  bromide  of  iodine,  the  same 
appearance  eilsues ;  but  if  iodine  is  not  previously  added,  the  starch  does 
not  receive  a  tint  of  blue. 


*  According  to  the  authorities  of  Berzelius  and  Thenard,  the  best  mode  of 
treating  the  cubic  crystals  of  bromide  of  potassium  in  order  to  extract  the 
bromine,  is  to  mix  them  in  a  small  retort  with  the  peroxide  of  manganese 
in  powder,  and  to  act  on  the  mixture  with  sulphuric  acid,  diluted  with  half 
its  weight  of  water,  with  the  assistance  of  heat.  The  beak  of  the  retDrt 
must  plunge  under  cold  water.  As  the  distillation  proceeds,  the  bromine 
passes  over  in  red  vapours,  and  condenses  under  the  water  in  the  fbrm  of 
brown  and  heavy  drops^— BerxeitiM,  Traiie  de  OAtm.  L  993^^Ed, 


BBOMIRB.  835 

Bromine  it  in  most  caaes  eauly  detected  by  means  of  ehkirine ;  for  thie 
■nbstanoe  diepUces  bromine  fVom  its  oombination  with  hydrogen,  metals, 
and  most  other  bodies.  The  appearance  of  its  Taponr  qp>^  -«  colonr  of  its 
aolntion  in  ether  will  then  render  its  presence  obvious. 

Bromine,  like  chlorine,  forms  a  crystalline  hydrate  when  exposed  to  33^ 
F.  in  oontaot  with  water.  The  crystal^  are  octobedral,  of  a  beautiful  red 
tint,  and  soflfer  decomposition  at  54^.  (Lowig.) 

Benelios  determined  the  equivalent  of  bromine  in  the  same  way  as  that 
of  iodine,  namely,  by  heating  a  known  weight  of  bromide  of  silver  in  a 
current  of  chlorine  gas,  so  as  to  displace  the  bromine  and  obtain  chloride  of 
silver.    He  thus  (bund  18A  to  be  the  equivalent  of  bromine. 

The  compounds  of  bromine  described  in  this  section  are  as  follows  :«- 

Bromine.  Equiv.    Formulae. 

Hydrobromic  add       78.4  1  eqw-fHydrogen    1  1  eq.aB  79.4.      H+Br. 

Bromic  acid  78.4  1  eq.-f  Oxygen     40  5  eq.s:118.4.  Br-f  50or  Br. 

Chloride  of  bromine  Composition  uncertain. 
Bromides  of  iodine  Composition  uncertain. 
Bromide  of  sulphur    Composition  uncertain. 

Protobromideofphos.78.4  1  eq.+Fhospb.  15.7  1  eq.sss  94.1  P+Br. 
Perbromideofphos.  393  5eq.4-  do.  31.4  3eq.ss42a4  P«Br«. 
Bromide  of  carbon      Composition  uncertain. 

Hydrobromic  Acid, — ^No  chemical  action  takes  place  between  the  vapour 
of  bromine  and  hydrogen  gas  at  common  temperatures,  not  even  by  the 
agency  of  the  direct  solar  rays ;  but  on  introducing  a  lighted  candle,  or  a 
pieoe  of  red-hot  iron,  into  the  mixture,  combination  ensues  in  the  vicinity 
of  the  heated  body,  though  without  extending  to  the  whole  mixture,  and 
without  explosion.  The  corobioation  is  readily  effected  by  the  action  of 
bromine  on  some  of  the  gaseous  compounds  of  hydrogen.  Thus  on  mixing 
the  vapour  of  bromine  with  hydriodic  acid,  hydrosulphuric  acid,  or  phoe- 
phuretted  hydrogea  gases,  decomposition  ensues,  and  hydrobromic  acid  gas 
IS  generated.  It  may  be  conveniently  made  fur  experimental  purposes  by  a 
process  similar  to  that  for  forming  hydriodic  acid.  A  mixture  of  bromine 
and  phosphorus,  slightly  moistened,  yields,  by  the  aid  of  gentle  heat,  a  large 
oiiantity  of  pore  hydrobromic  acid  gas,  which  should  be  collected  either  m 
dry  glass  bottles,  or  over  mercury. 

Hydrobromic  acid  gas  is  colourless,  has  an  acid  taste,  and  pungent  odour. 
It  irritates  the  glottis  powerfully,  so  as  to  excite  cough,  and,  when  mixed 
with  moist  air,  yields  white  vapours,  which  are  denser  than  those  occasion- 
ed under  the  same  circumstances  by  hydrochloric  acid  gaB.  It  undergoes 
no  decomposition  when  transmitted  through  a  red-hot  tube,  either  alone,  or 
mixed  with  oxygen.  It  is  not  affected  by  iodine ;  but  chlorine  decomposes 
it  instantly,  with  production  of  hydrochloric  acid  gas,  and  deposition  of 
bromine.  It  may  be  preserved  without  changeover  mercury;  but  potas- 
sium and  tin  decompose  it  with  facility,  the  former  at  common  tempera- 
tures, and  the  latter  by  the  aid  of  heat. 

Hydrobromic  acid  gna  is  very  soluble  in  water.  The  aqueous  solution 
may  be  made  by  treating  bromine  with  hydrosulphuric  acid  dissolved  in 
water,  or  still  better  by  transmitting  a  current  of  hydrobromic  acid  gas  into 
pore  water.  The  liquid  becomes  hot  during  the  condensation,  acquires 
great  density,  increases  in  volume,  and  emits  white  fumes  when  exposed  to 
the  air.  This  acid  solution  is  colourless  when  pure,  but  possesses  the  pro- 
perty of  dissolving  a  large  quantity  of  bromine,  and  then  receives  the  tint  of 
that  substance. 

Qilorine  decomposes  the  solution  of  hydrobromic  acid  in  an  instant. 
Mitric  acid  likewise  acts  upon  it,  though  less  suddenly,  occasioning  the  dut. 
enppagement  of  bromine,  and  probably  tlie  formation  of  water  and  nitrons 
acid.  Nitro-bydrobromic  acid  is  analogous  to  aqua  regia^  and  possesses  the 
property  of  dissolving  gold. 
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The  elements  of  sulphuric  and  hydrobromic  scids  react  on  each  other  ia 
a  8li|rht  degpree;  and  hence,  on  decomposing  bromide  of  potassium  by  sul- 
phuric  acid,  the  hydrobromic  is  generally  mixed  with  a  little  sulpharous 
acid  gas. 

The  composition  of  hydrobromic  acid  gas  is  easily  inferred  fVom  the  two 
following  facts.  1.  On  decomposing  hydrobromic  acid  gas  by  potassium,  a 
quantity  of  hydrogen  remains,  precisely  equal  to  half  the  volume  of  tlie 

SUB  employed;  and,  2,  when  hydriodic  acid  gas  is  decomposed  by  bromine, 
e  resulting  hydrobromic  acid  occupies  the  very  same  space  as  the  gas 
which  is  decomposed.  Hence  hydrobromic  is  analogous  to  hydriodic  and 
hydrochloric  acid  gases,  in  containing  equal  measures  of  bromine  vapour 
and  hydrogen  gas  united  without  any  change  of  vdnme ;  and  since 

Grains. 
50  cubic  inches  of  bromine  vapour  weigh     .  .    83.7579 

50       da  hydrogen  gas  ....      L06a3 

100       da  hydrobromic  acid  must  weigh         .    84.8363 

These  numbers  are  in  the  ratio  of  1  to  78.4,  which  is  the  composition  of  the 
gas  by  weight    Its  density  is  2.7353. 

Since  bromine  decomposes  hydriodic,  and  chlorine  hydrobromic  acid, 
bromine,  in  relation  to  hydrogen,  is  intermediate  between  chlorine  and 
iodine;  for  it  has  a  stronger  afiinity  for  hydrogen  than  iodine,  and  a  weaker 
than  chlorine.  The  affinity  of  bromine  and  oxygen  for  hydrogen  appears 
nearly  similar;  for  while  oxygen  cannot  detach  hydrogen  from  bromine^ 
bromine  does  not  decompose  watery  vapour. 

The  salts  of  hydrobromic  acid  are  termed  kydrofrromates.  Like  the  free 
acid,  they  are  decomposed,  and  the  presence  of  bromine  is  detected,  by 
means  of  chlorine.  On  mixing  a  soluble  bromide  with  the  nitrates  of  the 
protoxides  of  lead,  silver,  and  mercury,  white  precipitates  are  obtained, 
which  are  v6ry  similar  in  appearance  to  the  chlorides  of  those  metals,  but 
which  are  metallic  bromides.  On  the  addition  of  chlorine,  the  vapour  of 
bromine  is  evolved. 

Bromic  Acid, — ^The  only  compound  yet  known  of  bromine  and  oxygen  is 
that  formed  by  the  action  of  bromine  on  potassa,  when  a  change  exactly 
similar  to  that  produced  by  chlorine  (page  211)  ensues,  whereby  bromide  of 
potassium  and  bromate  of  potassa  are  generated;  and  the  latter,  being  much 
less  soluble  than  the  former,  is  readily  separated  by  evaporation.  The  bro- 
mate of  the  other  alkalies  and  alkaline  earths  may  be  prepared  in  a  similar 
manner. 

The  bromates  are  analogous  to  the  chlorates  and  iodates.  Thus  bromate 
of  potassa  is  converted  by  heat  into  bromide  of  potassium,  with  disengsjg;e- 
ment  of  pure  oxygen  ^as,  deflagrates  like  nitre  when  thrown  on  burning 
charcoal,  and  forms  with  sulphur  a  mixture  which  detonates  by  percussion. 
The  acid  of  the  bromates  is  decomposed  by  deoxidizing  agents,  such  as  sul- 
phurous and  hydrosulphuric  acids,  in  the  same  manner  as  the  acid  of  the 
iodates.  The  bromates  likewise  suffer  decomposition  from  the  action  of  hy> 
drobromic  and  hydrodiloric  acids. 

^  Bromate  of  potassa  is  said  not  to  precipitate  the  salts  of  lead,  but  to  occa- 
sion a^  white  precipitate  with  nitrate  of  silver,  and  a  yellowish-white  with 
protonitrate  of  mercury;  characters  which,  if  true,  serve  as  a  good  test  to 
distinguish  bromate  from  iodate  and  chlorate  of  potassa. 

Bromic  acid  may  be  procured  in  a  separate  state  by  decomposing  a  dilute 
solution  of  bromate  of  baryta  with  sulphuric  acid,  so  as  to  precipitate  the 
whole  of  the  baryta.  The  resulting  solution  of  bromic  add  may  be  con- 
centrated by  slow  evaporation  until  it  acquires  the  consistence  of  syrup ; 
but  on  raising  the  temperature,  in  order  to  expel  all  the  water,  one  part  of 
the  acid  is  vdatilized,  and  the  other  resolved  into  oxygen  and  bromine.  A 
similar  result  took  place  when  the  evaporation  was  ooiulucted  in  vacuo  with 
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■alpfanrie  acid;  mod  aooordingly  all  attempt!  to  prootire  anbydrooi  brouiio 
aeid  have  hitherto  &iled. 

Bromic  add  haa  acaroely  any  odoar,  bat  its  taata  ia  very  acid,  though  not 
at  all  oorroaive.  It  reddens  litmna  paper  powerfully  at  firat,  and  aoon  after 
destroya  ila  ookmr.  It  ia  not  a^cted  by  nitric  or  anlphuric  acid  except 
when  the  latter  ia  highly  concentrated,  in  which  caae  bromine  ia  aet  free, 
and  efinreacence,  probably  owing  to  the  eacape  of  oxygen  gaa,  enauea. 
Vrom  the  analyais  of  bromate  of  potaaaa,  bromic  acid  b  obvioualy  similar 
in  eoDstitation  to  iodic,  chloric,  and  nitric  acids;  that  is,  it  oonaiata  uf  one 
eqatvalent  of  bromine  united  with  6rc  of  oxygen. 

Ciiaride  of  Bromine, — ^This  compound  may  be  formed  at  common  tempo* 
ralurea  by  transmitting  a  current  of  chlorine  throup^h  bromine,  and  con* 
denaing  the  disengaged  Tapours  by  means  of  a  freezing  mixture.  The  le* 
aolting  chloride  is  a  Tolatile  fluid  of  a  reddiah-yellow  colour,  much  less 
intense  than  that  of  bromine;  its  odour  is  penetrating,  and  causes  a  dis- 
charge of  tears  from  the  eyes,  and.  its  taate  very  disagreeable.  Its  vapour 
is  a  deep  yellow,  like  the  oxide  of  chlorine,  and  it  enables  metals  to  bom  aa 
in  an  atmosphere  of  chlorine,  doobtleas  giving  rise  to  the  formation  of 
metallic  chlorides  and  bromides. 

Chloride  of  bromine  is  soluble  in  water  without  decomposition ;  finr  the 
solution  posse ascs  the  colour,  odour,  and  bleacfainpf  properties  of  the  com* 
pound,  and  discharges  the  colour  of  litmus  paper  without  previously  redden- 
mg  XL  By  the  action  of  the  alkalies  it  is  decomposed,  being  converted,  by 
means  of  the  elements  of  water,  into  hydrochloric  and  bromic  acids. 

Bromide  of  Iodine, — ^These  substances  act  readily  on  each  other,  and 
appear  capable  of  uniting  in  two  proportions.  The  protobromide  is  a  solid, 
convertible  by  heat  into  a  reddish-brown  vapour,  which,  in  cooling,  con- 
denses into  crystals  of  the  same  colour,  and  of  a  form  resembling  that  of 
fern  leaves.  An  additional  quantity  of  bromine  converts  these  crystals  into 
a  fluid,  which  in  appearance  is  like  a  strong  solution  of  iodine  in  hydriodlc 
acid.  This  compound  dissolves  without  decomposition  in  water,  but  with 
the  alkaliea  yields  hydrobromic  and  iodic  acids. — ^The  existence  of  two 
bromides  of  iodine  can  scarcely  be  regarded  as  satisfactorily  established. 

Bromide  of  Suipkur^-X}n  pouring  bromine  on  sublimed  sulphur,  combi- 
nation ensues,  and  a  fluid  of  an  oily  appearance  and  reddish  tint  is  gene- 
rated.  In  odour  it  somewhat  resembles  chloride  of  sulphur,  and  like  that 
compound  emits  white  vapours  when  exposed  to  the  air ;  but  ita  colour  ia 
deeper.  It  reddens  litmus  paper  fainUy  when  dry,  but  strongly  if  water  ia 
added.  Cold  water  acts  slowly  upon  bromide  of  sulphur ;  but  at  a  boiling 
temperature  the  action  is  so  violent  that  a  alight  detonation  occurs,  and 
three  compounds,  hydrobromic,  hydrosulphuric,  and  sulphuric  acids  are 
formed.  The  formation  of  these  substances  is  of  course  attributable  to  de- 
composition of  water,  and  the  onion  of  its  elements  with  bromine  and  sul- 
phur. Bromide  of  sulphur  is  likewise  decomposed  by  chlorine,  which  unites 
with  sulphur  and  displaces  bromine. 

The  composition  of  bromide  of  sulphur  is  unknown.  It  dissolves  an  ex- 
cess  both  of  chlorine  and  sulphur,  and  its  elements  separate  from  each  other 
00  readily,  that  it  has  hitherto  been  impracticable  to  procure  a  definite  com* 
pound. 

Bromideo  of  Phoophoruo. — ^Wlien  bromine  and  phosphorus  are  brought 
into  contact  in  a  flask  filled  wKb  carbonic  acid  gas,  they  act  suddenly  on 
each  other  with  evolution  of  heat  and  light,  and  two  compounds  are  gene- 
rated ;  one  a  crystalline  solid,  which  is  sublimed  and  collects  in  the  upper 
part  of  the  flask,  and  the  other  a  fluid,  which  remains  at  the  bottom.  The 
Ibrmer  contains  the  most  bromine,  and  the  latter  ia  supposed  by  Balard  to 
consist  of  single  equivalents  of  its  elements. 

The  protobromide  reUins  its  liquid  form  even  at  SS®  F.  It  is  readily  convert- 
ed into  vapour  by  heat,  and  on  exposure  to  the  air  emits  penetrating  Aimes.  It 
reddens  litmus  paper  faintly,  an  effect  which  is  probably  ^j^  to  the  pre. 
I  of  moiatnre.  With  w.nter  it  acta  energetically  and  with  ftee  diaengage. 


838  FLUOBINI. 

ment  of  heat,  hvdrobromic  acid  gas  being  evolved  when  only  a  few  drops  of 
water  are  employed ;  but  if  a  largo  quantity  is  used,^  the  gas  is  dissolved, 
and  the  acid  solution  leaves  b^  evaporation  a  residuum,  which  burns  slightly 
when  dried,  and  is  converted  mto  phosphoric  acid. 

The  perbromide  is  yellow  in  its  solid  state ;  but  with  gentle  heat  it  be- 
comes a  red-coloured  liquid,  which  by  increase  of  temperature  is  converted 
into  a  vapour  of  the  same  tint  On  cooling  after  fusion  it  yields  rhombic 
crystals ;  but  when  its  vapour  is  condensed,  the  crystals  are  acicular.  It  is 
decomposed  by  metals,  probably  with  the  formation  of  metallic  bromides  and 
phosphurets.  It  emits  dense  penetrating  fumes  on  exposure  to  the  air,  and 
with  water  gives  rise  to  the  production  of  hydrobromic  and  phosphoric  acids. 
Hence  its  efements  should  be  in  the  ratio  of  twoeq.  of  phosphorus  to  five  eq. 
of  bromine. 

Chlorine  has  a  greater  affinity  for  phosphorus  than  bromine,  and  decom- 
poses both  the  bromides  with  evolution  of  the  vapour  of  bromine.  These 
eompounds  are  not  decomposed  by  iodine ;  but,  on  the  contrary,  bromine  de- 
composes  iodide  of  phosphorus. 

Bromide  of  Carbon. — ^This  compound  is  formed  by  the  action  of  bromine 
on  half  its  weight  of  periodide  of  carbon,  when  bromide  of  carbon  and  a  sub- 
bromide  of  iodine  are  formed,  the  latter  of  which  is  removed  by  a  solution 
of  caustic  potassa.  At  common  temperatures  it  is  liquid,  but  crystallises  at 
32^  F.  Its  taste  is  sweet,  and  it  has  a  penetrating  ethereal  odour.  It  resem- 
bles protiodide  of  carbon  in  many  respects ;  but  is  distinguished  from  it  by 
the  vapour  which  it  emits  on  exposure  to  heat  (Serullas,  in  the  An.  de  Cb. 
et  de  Ph.  xxxix.  225.)  ^ 


SECTION    XIV. 
FLUORINE. 

The  substance  to  which  this  name  is  applied  has  not  hitherto  been  ob- 
tained in  an  insulated  form,  and,  therefore,  the  properties  which  are  peculiar 
to  it  in  that  state  are  entirely  unknown.  From  the  nature  of  its  compounds 
it  appears  to  belong  to  the  class  of  negative  electrics,  and  like  oxygen  and 
chlorine  to  have  a  powerful  affinity  for  hydrogen  and  metallic  substances. 

Berzelius  determined  the  equivalent  of  fluorine,  by  finding  that  100  parts 
of  pure  fluoride  of  calcium  yield  with  sulphuric  acid  175  parts  of  sulphate 
of  lime.  From  these  numbers  fluoride  of  calcium  is  inferred  to  consist  of 
20.5  parts  or  one  eq.  of  calcium,  and  18.68  parts  or  one  eq.  of  fluorine. 

The  compounds  of  fluorine  described  in  this  section  are  the  Mowing  :— 

Fluorine.  Equiv.        Formule. 

Hydrofluoric  i 

acid 
Fluoboric 

acid 


laeS  I  eq,-f  Hydrogen    1     1  eq.=19.68    H-f  F  or  HF. 

56.04  3  eq.-f  Boron         10.9  1  eq.=66.94    B+3F  or  BF*. 

Hydrofiuorie  Acid, — ^This  acid  was  first  procured  in  its  pure  state  in  the 
year  1810  by  Gay-Lussac  and  Thenard,  and  described  in  the  second  volume 
of  their  Reeherehes  Pkyneo-Ckimiquea,  It  is  prepared  by  aclinff  on  the  min- 
eral called  ^ttor  Bpar^  which  is  a  fluoride  of  calcium,  carefully  separated 
from  siliceous  earth  and  reduced  to  fine  powder,  with  twice  its  weight  of 
concentrated  sulphuric  acid.  The  mixture  is  made  in  a  leaden  retort;  and 
on  applying  beat,  an  acid  and  highly  corrosive  vapour  distils  over,  which 
must  be  collected  in  a  receiver  of  uie  same  metal  surrounded  with  ice.  As 
the  materials  swell  up  considerably  during  the  process,  owing  to  a  quantity 
of  vapour  forcing  its  way  tlirough  a  viscid  mass»  the  retort  shoold  be  capa- 
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cHNis.  At  the  dose  of  the  operation  pore  hydroflaorie  acid  b  iband  in  the 
receiTer,and  the  letort  contains  dry  enlphate  of  lime.  The  chemical  changes 
are  predaely  the  aame  a»  in  the  formation  of  hydrochloric  acid  gas  at  pan 
213,  flnorine  being  substituted  for  chlorine  and  calcium  for  sodium.  If  the 
oil  of  vitriol  is  of  sufficient  strength,  all  its  water  is  decomposed,  and  the  re- 
salting  hydrofluoric  acid  is  anhydrous. 

Hydroflooric  acid,  at  the  temperature  of  32^  F,  is  a  colourless  fluid,  and 
remains  in  that  state  at  59^  if  preserved  in  well  stopped  bottles ;  but  when 
exposed  to  the  air,  it  flies  off  in  dense  white  fumes,  whidi  consist  of  the 
acid  vapour  oombined  with  the  moisture  of  the  atmosphere.  lis  specific  gra- 
vity is  1.0609 ;  but  its  density  may  be  increased  tolJ2Shy  gradual  additions 
of  water.  Its  affinity  for  this  liquid  fiir  exceeds  that  of  the  strongest  sal- 
phoric  add,  and  the  combination  is  accompanied  with  a  hissing  noise,  as 
when  red-hot  iron  is  quenched  by  immersion  in  water. 

The  vapour  of  hydrofluoric  acid  is  much  more  pungent  than  chlorine  or 
any  of  the  irritating  gases.  Of  all  known  substances,  it  is  the  most  destructive 
to  animal  matter.  When  a  drop  of  the  concentrated  acid  of  the  size  of  a 
pin's  head  oomee  in  contact  with  the  skin,  instantaneous  disorganization  en- 
sues,  and  deep  ulceration  of  a  malif^ant  character  is  produced.  On  this  ao- 
ooont  the  greatest  care  is  requisite  in  its  preparation. 

This  acid  when  concentrated  acts  energetically  on  glass.  The  transpa- 
rency of  the  glass  is  instantly  destroyed,  heat  is  evolved,  and  the  acid  hoik, 
and  in  a  short  time  entirely  disappears.  A  colourless  gas,  commonly  known  by 
the  name  otJiutmUicie  acid  g»«,  is  the  sole  product  This  compoumi  is  always 
formed  when  hydrofluoric  acid  comes  in  contact  with  a  siliceous  substance. 
For  this  reason  it  cannot  be  preserved  in  glass;  but  mnst  be  prepared  and 
kept  in  metallic  vessels.  Those  of  lead,  from  their  cheapness,  are  oflen  used; 
but  vessels  of  silver  or  platinum  are  preferable.  In  consequence  of  its  power- 
ful affinity  for  siliceous  matter,  hydrofluoric  acid  may  be  employed  for  etch- 
ing on  giass ;  and  when  used  with  this  intention,  it  should  be  diluted  with 
thne  or  four  times  its  weight  of  water. 

Hydrofluoric  add  has  all  the  usual  characters  of  a  powerful  acid.  It  has  a 
strong  sour  taste,  reddens  litmus  paper,  and  neutralizes  alkalies,  either 
Ibrming  salts  termed  kfdroJluattB^  or  most  generally  giving  rise  to  metallic 
flooridM.  All  'these  compounds  are  decomposed  bv  strong  sulphuric  acid 
with  the  aid  of  heat,  and  the  hydrofluoric  acid  while  escaping  may  be  de- 
teeted  by  its  action  on  glass. 

Hydrofluoric  acid  acts  violently  on  some  of  the  metals,  especially  on  the 
bases  of  the  alkalies.  Thus  when  potassium  is  brought  in  contact  with  the 
ooDcentrated  add,  an  explosion  attended  with  heat  and  light  ensues ;  hydro- 
gen gas  is  disengaged,  and  a  white  compound,  fluoride  m  potassium,  is  ge- 
nerated. It  is  a  solvent  for  some  elementary  principles  which  resist  the  ac- 
tion even  of  nitro-hydrochlorio  acid.  Thus  it  dissolves  silicium,  zirconium, 
and  oolomhinm,  wiUi  evolution  of  hydrogen  gas ;  and  when  mixed  with  ni- 
trie  add,  it  proves  a  solvent  for  silicium  whidi  has  been  condensed  by  heat, 
and  for  titanium.  Nitro-hydrofluoric  acid,  however,  is  incapable  of  dissolv- 
J>V  fold  and  platinom.  Several  oxidized  bodies,  which  are  not  attacked  by 
soTphnric,  nitric,  or  hydrochloric  add,  are  readily  dissolved  by  hydrofluoric 
acid.  As  examples  of  this  fact,  several  of  the  weaker  acids,  such  as  silica  or 
silicic  add,  titanic,  columbic,  molybdic,  and  tungstic  adds  may  be  enume- 
rated. (Benelius.) 

A  difi^rent  view  of  the  compounds  of  fluorine  was  originally  taken  by 
Gay-Lussac  and  Thenard,  and  is  still  held  by  some  chemists.  They  adopt- 
ed the  opinion  that  hydrofluoric  add  is  a  compound  of  a  certain  inflammap 
ble  principle  and  oxygen,  and  applied  to  it  the  name  of  fluoric  aeid^  pre- 
▼iously  introduced  by  Scheele.  Fluor  spar  on  this  view  is  a  fluate  of  lime, 
and  when  this  salt  is  decomposed  by  oil  of  vitriol,  the  fluoric  is  merely  dis- 
pkoed  by  the  sulphuric  add,  and  the  .former  passes  off  combined  with  the 
water  of  the  latter.  What  I  have  described  as  anhydrous  hydrofluoric  add 
is,  aocorifiiig  to  this  hypothesis,  hydrated  fluoric  acid ;  and  when  acted  upoD 
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hj  potaniain,  this  metal  u  ozidiied  et  the  expenee  of  the  witer,  and  potam 
thai  generated  onitoe  with  flaoric  acid,  ibnninjgr,  not  flnoride  of  potaaiam, 
hot  filiate  of  potawa.  The  equivalent  of  flaoric  acid,  aa  inferred  from  the 
•nalyidB  of  Berzeliua,  ia  10.68 ;  for  39.18  parts  or  one  equivalent  of  fluor 
•par  is  supposed  to  contain  28.5  parts  of  lime  (20.5  calcium  and  8  oxygen), 
thus  leaving  10.68  as  the  equivalent  of  the  acid. 

The  theory  according  to  which  fluor  spar  is  a  compound  of  fluorine  and 
ealeium,  originated  as  a  suggestion  with  M.  Ampdre  of  Paris,  and  was  aAer* 
wards  supported  experimentally  by  Davy.  It  was  found  that  pure  hydro- 
fluoric acid  evinces  no  sign  of  containing  either  ozy^n  or  water.  Charcoal 
nay  be  intensely  heated,  in  the  vapour  of  the  acid  without  the  production  of 
oarbonic  acid.  When  hydrofluoric  acid  was  neutralized  with  dry  ammonia* 
eal  gas,  a  white  salt  resulted,  from  which  no  water  could  be  separated ;  and 
on  treating  this  salt  with  potassium,  no  evidence  could  be  obtained  of  the 
presence  <Sr  oxygen.  On  exposing  the  acid  to  the  agency  of  galvanism,  there 
was  a  disengagement  at  the  negative  pole  of  a  amiQl  quantity  of  gas,  which 
from  its  comtwstitHlit^  was  inferred  to  be  hydrogen ;  while  the  platinum 
wire  of  the  opposite  side  of  the  battery  was  npidly  corroded,  and  became 
esivered  with  a  chocoUte-ooloared  powder.  Davy  explained  these  phenomena 
by  supposinflr  that  hydrofluoric  acid  was  resolved  into  its  elements ;  and  that 
fluorine,  at  Die  moment  of  arriving  at  the  positive  side  of  the  battery,  entered 
into  combination  with  the  platinum  wire  which  was  employed  as  a  condue* 
tor.  Unfortunately,  however,  he  did  not  aucceed  in  obtaining  fluorine  in  an 
insulated  stste.  Indeed,  from  the  noxious  vapours  that  arose  during  the  ex- 
periment,  it  was  impossible  to  watch  its  progress,  and  examine  the  difierent 
products  with  that  precision  which  is  essential  to  the  success  of  minute 
chemical  inquiries,  and  which  Davy  has  so  firequently  displayed  cm  other 


Though  these  researches  led  to  no  conclusive  result,  they  afibrded  so 
strong  a  presumption  in  favour  of  the  opinion  of  Ampere  and  Davy,  that  it 
was  adopted  by  several  other  chemists.  This  view  has  received  stronff 
additional  aupport  fh>m  the  experiments  of  M.  Kuhlman.  (Quarteriy  Joumu 
of  Science  for  July  1827,  p.  205.)  It  was  found  by  this  chemist  that  fluor 
spar  is  not  in  the  Blightest  degree  decomposed  by  the  action  of  anhydrous 
sulphuric  acid,  whether  at  common  temperatures  or  at  a  red  heat.  The  ex- 
periment was  made  both  by  transmitting  the  vapour  of  anhydrous  sulphuric 
acid  over  fluor  spar  heated  to  redness  in  a  tube  of  platinum,  and  by  putting 
the  mineral  into  the  liquid  acid.  In  neither  case  did  decomposition  ensue ; 
but  when  the  former  experiment  was  repeated  with  the  difference  of  em. 
jdoying  concentrated  hydrous  instead  of  anhydrous  sulphuric  acid,  evolution 
of  hydrofluoric  acid  was  produced.  M.  Kuhlman  also  transmitted  dry  hydro- 
chloric  acid  gas  over  fluor  spar  at  a  red  heat,  when  hydrofluoric  acid  was 
disengaged,  without  any  evolution  of  hydrogen,  and  chloride  of  calcium  re- 
main^. I  am  aware  of  no  satisiactoiy  explanation  of  these  facts,  except  by 
regarding  fluor  spar  as  a  compound  of  fluorine  and  calcium,  and  hydrofluoric 
acid  as  a  compound  of  fluorine  and  hydrogen.  I  shall  accordingly  adopt 
this  view  in  the  subsequent  pages,  and  never  employ  the  term  fluoric  acid« 
except  when  explaining  phenomena  according  to  the  theory  of  Oay.Lussac. 

Flmoborie  Aeid,^-J^he  chief  difficulty  in  determining  the  nature  of  hydro- 
fluoric acid  arises  from  the  water  of  the  sulphuric  acid  which  is  employed 
in  its  preparation.  To  avoid  this  source  of  uncertainty,  Gay-Lussac  and 
Thenard  made  a  mixture  of  vitrified  boracic  acid  and  fluor  spar,  and  exposed 
it  in  a  leaden  retort  to  heat,  under  the  expectation  that  as  no  water  was  pre* 
sent  anhydrous  fluoric  acid  would  be  obtained.  In  this,  however,  they  were 
disappointed ;  but  a  new  gas  came  over,  to  which  they  applied  the  term  of 
JUutborie  acid  gut,  A  similar  train  of  reasoning  led  Davy  about  the  same 
time  to  the  same  discovery ;  though  the  French  chemists  had  the  advantage 
in  priority  of  puUication.  Another  process,  given  by  Dr.  Davy,  is  to  mix 
1  part  of  vitrified  boracic  acid  and  2  of  fluor  spar  with  12  parts  of  strong 
eulphoric  acid,  and  heating  the  mixture  gently  in  a  glass  flask ;  (Phil  Trans. 


2819;)  but  tbe  gas  thus  developed  contains  a  oonsideraUe  quantity  of  fiuosi- 
licic  add.  (luoboric  acid  gas  may  also  be  formed  by  heating  a  strong  aolo- 
tion  of  hydrofluoric  and  boracic  acids  in  a  metallic  retort. 

In  the  decomposition  of  floor  tpar  by  vitrifled  boracic  acid,  the  former  and 
put  of  the  latter  undergo  an  interchange  of  elements.  The  fluorine  uniting 
with  boron  gives  rise  to  fluoboric  acid  gas ;  and  by  tbe  union  of  calcium  and 
oxygen,  lime  is  generated,  which  combines  with  boracic  acid,  and  is  left  in 
the  retort  as  borate  of  lime.  Fluoboric  acid  gas,  tlierefore,  is  composed  of 
boron  and  fluorine.  Those  who  adopt  the  theory  of  Gay-Lussac  give  a  dif- 
ferent cxi^anatioo,  and  regard  this  gas  as  a  compound  of  fluoric  and  boracic 
acids.  The  lime  of  fluor  spar  is  supposed  to  unite  with  one  portion  of  boracic 
acid,  and  fluoric  acid  at  the  moment  of  separation  with  another,  yielding 
borate  of  lime  and  fluoboric  acid  gas. 

Fluoboric  acid  gas  is  colourless,  has  a  penetrating  pungent  odoor,  and  ex- 
tinguishes  flame  on  the  instant  Its  specific  gravity,  according  to  Dr.  Thom- 
son, is  3.3G22.  It  reddens  litmus  paper  as  powerfully  as  sulphuric  acid,  and 
lorms  salts  with  alkalies  which  are  called  Jluoborates,  It  has  a  singularly 
great  affinity  for  water.  When  mixed  with  air  or  any  gas  which  contains 
watery  vapour,  a  dense  white  cloud,  a  combination  of  water  and  fluoboric 
acid,  appears,  thus  aflbrding  an  extremely  delicate  test  of  the  presence  of 
rootsture  in  gases.  Water  acts  powerfully  on  this  gas,  absorbing,  according 
to  Dr.  Davy,  700  times  its  volume,  during  which  the  water  increases  in  tem- 
perature and  volume.  The  solution  is  limpid,  fuming,  and  very  caustic.  On 
the  application  of  heat,  part  of  the  gas  is  disengaged  ;  but  afterwards  tbe 
whole  soiation  is  distilled. 

Gay-Lussac  and  Thenard,  and  Dr.  Davy  were  of  opinion  that  fluoboric 
add  gas  is  dissolved  in  water  without  decomposition ;  but  Berzelius  denies 
the  accuracy  of  their  observation.  Oi\  transmitting  the  gas  into  water  until 
the  liquid  acquires  a  sharply  sour  taste,  but  is  far  from  being  saturated,  a 
white  powder  begins  to  subside ;  and,  on  cooling,  a  considerable  quantity  of 
boracic  acid  is  deposited  in  crystals.  It  appears  that  in  a  certain  state  of 
dUulion,  part  of  the  fluoboric  acid  and  water  mutually  decompose  each  other, 
with  formation  of  boracic  and  hydrofluoric  acids.  The  latter  unites,  accord- 
ing to  Ber2elius,  with  undeoomposed  fluoboric  acid,  forming  what  he  has 
caSed  boroJktfdrvfluoric  add.  On  concentrating  the  liquid  by  evaporation, 
the  boradc  and  hydrofluoric  adds  decompose  each  other,  and  the  original 
compound  is  re^produoed. 

Fluoboric  add  gas  does  not  act  on  glass,  but  attacks  animal  and  vegetable 
matters  with  energy,  converting  them  like  sulphuric  acid  into  a  carbona- 
ceous substance.  This  action  is  most  probably  owing  to  its  affinity  for 
water. 

When  potassium  is  heated  in  fluoboric  acid  gas,  the- metal  takes  &te^  and 
a  chocolate.coloured  solid,  wholly  devoid  of  metoUic  lustre,  is  formed.  This 
substance  is  a  mixture  of  boron  and  fluoride  of  potassiam,  from  which  the 
Utter  is  dissolved  by  water,  and  the  boron  is  left  in  a  solid  state. 

The  composition  of  fluoboric  acid  gas  has  not  hitherto  been  determined 
by  direct  experiment  Dr.  Davy  ascertained  that  it  unites  with  an  e^ual 
measure  of  ammoniacal  gas,  forming  a  solid  salt;  and  that  it  also  combines 
with  twice  and  thfee  times  its  volume  of  ammonia,  yielding  liquid  com- 
pounds. In  the  former  salt  the  relative  weights  of  the  constituent  gases  are 
m  the  ratio  of  their  specific  gravities ;  and  if  the  compound  consists  of  one 
equivalent  of  each,  it  will  be  constituted  of, 

Fluoboric  acid  gas        .        2.3633        -        6a69  one  eq. 
Ammoniacal  gas  -        0.5897        -        17.15  one  eq. 

so  that  the  equivalent  of  the  acid  may  be  assumed  in  round  numbers  to  be 
68.  Now  supposing  this  acid  to  be  formed  of  three  equivalents  of  fluorine 
and  one  of  boron,  ite  equivalent  will  be  66.94,  a  number  which  approximates 
to  the  preceding.    This  view  is  consistent  with  the  composition  of  boracic 
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acid  u  ffWen  at  pa|re  905,  and  with  the  conTenion  of  fluoborio  acid  Iff  water 
into  hydroflaoric  and  boravic  aeida. 


ON  THE  COMPOUNDS  OF  THE  SIMPLE  NON-METALLIC  ACI- 
DinABLE  COMBUSTIBLES  WITH  EACH  OTHER. 


SECTION  L 

HYDROGEN  AND  NITROGEN.— AMMONIACAL  GAS. 

The  aqueous  solution  of  ammonia,  under  the  name  of  tpirU  of  karUhoriL, 
has  been  longf  known  to  chemists ;  but  its  existence  as  a  ^s  was  first  noticed 
by  Priestley,  who  described  it  in  his  works  under  the  title  of  Malint  air. 
It  is  often  called  the  vdUuiie  alkali ;  but  the  terms  ammonia  and  ammonia- 
calgas  are  now  usually  employed. 

'rha  most  convenient  method  of  preparing  ammoniacal  |fas  for  the  pur- 
poses of  experiment  is  by  apply  ingr  a  gentle  heat  to  the  concentrated  solution 
of  ammonia,  contained  in  a  glass  vessel.  It  soon  enters  into  ebullition,  and 
a  large  quantity  of  pure  ammonia  is  disengaged. 

Ammonia  is  a  colourless  gas,  which  has  a  strong  pungent  odour,  and  acts 
powerfully  on  the  eyes  and  nose.  It  is  quite  irrespirable  in  its  pure  form,  but 
when  diluted  with  air,  it  may  be  taken  into  the  lungs  with  safety.  Burning 
bodies  are  extinguished  by  it,  nor  is  the  gas  inflamed  by  their  approach 
Ammonia,  however,  is  inflammable  in  a  low  degree ;  for  when  a  lighted 
candle  is  immersed  in  it,  the  flame  is  somewhat  enlarged,  and  tinged  of  a 
pale  yellow  colour  at  the  moment  of  being  extinguished ;  and  a  small  jet  of 
the  gas  wiO  burn  in  an  atmosphere  of  oxygen.  A  mixture  of  ammoniacal 
and  oxygen  gases  detonates  by  the  electric  spark ;  water  being  formed,  and 
nitrogen  set  free.  A  little  nitric  acid  is  generated  at  the  same  time,  except 
when  a  smaller  quantity  of  oxygen  is  employed  than  is  sufficient  for  com- 
bining with  all  the  hydrogen  of  the  ammonia.  (Dr.  Henry,  Philos.  Trans. 
1809.) 

Ammoniacal  gaa  at  the  temperature  of  5(K^  and  under  a  pressure  equal  to 
6.5  atmospheres,  becomes  a  transparent  colourless  liquid.  It  is  also  liquefied, 
according  to  Guyton-Morveau,  under  the  common  pressure,  by  a  cold  of 
---70<^;  but  there  is  no  doubt  that  the  liquid  which  he  obtained  was  a  eola- 
tion of  ammonia  in  water. 

Ammonia  has  all  the  properties  of  an  alkali  in  a  very  marked  manner. 
Thus  it  has  an  acrid  taste,  and  gives  a  brown  stain  to  turmeric  paper ; 
though  the  yellow  colour  soon  reappears  on  exposure  to  the  air,  owing  to 
the  volatility  of  the  alkali.  It  combines  also  with  acids,  and  neutralizes  their 
properties  completely.  All  these  salts  suflfer  decomposition  by  being  heated 
with  the  fixed  alkalies  or  alkaline  earths,  such  as  potassa  or  time,  the  union 
of  which  with  the  acid  of  the  salt  causes  the  separation  of  its  ammonia. 
None  of  the  ammoniacal  salts  can  sustain  a  red  heat  without  being  dissi- 
pated in  vapour  or  decomposed,  a  character  which  manifestly  arises  from 
the  volatile  nature  of  the  alkalL  If  combined  with  a  volatile  acid,  sAch  as 
the  hydrochloric,  the  compound  itself  sublimes  unchanged  by  heat ;  but  when 
united  with  an  acid,  which  is  fixed  at  fi  low  red  heat,  such  as  the  phoepho- 
ric,  the  ammonia  alone  is  expelled. 

Hydrogen  and  nitrcgen  gasea  do  not  unite  directly,  and,  therefore,  che- 
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mists  hmve  no  synthetic  proof  of  the  constitation  of  ammooia.  Its  composi- 
tion, however,  has  been  determined  analytically  with  great  exactness.  When 
a  Rocceasion  of  electric  sparks  is  passed  through  ammooiacal  gas,  it  is  re- 
solved into  its  elements ;  and  the  same  effect  is  produced  by  conducting  am- 
monia through  porcelain  tubes  heated  to  redness.  A.  Berthdlet  andyaed 
ammonia  in  both  ways,  and  ascertained  that  200  measures  of  that  gas,  on 
being  decomposed,  occupy  the  space  of  400  measures,  300  of  which  are  hy. 
drogen,  and  100  nitrogen.  Dr.  Henry  has  made  an  analysis  of  ammonia  by 
means  of  electricity,  and  his  experiment  proves  beyond  a  doubt  that  the  pro- 
portions above  given  are  rigidly  exact  (Annals  of  Philosophy,  xxiv.  346.) 

Grains. 

Now  since  150  cubic  inches  of  hydrogen  weigh    .        .        3i2050 

and   50  of  nitrogen 15.0825 

100  cubic  inches  of  ammonia  must  weigh  18.2875 

and  it  is  composed  by  weight  of 
Hydrogen  *  3.2050        .  3        .        or  three  equivalents. 

Nitrogen  .        15.0825        .        1415    .        or  one  equivalent. 

Its  equivalent,  therefore,  is  17.15. 

The  specific  gravity  of  ammonia,  according  to  this  calculation,  is  0.5897, 
a  number  which  agrees  closely  with  those  ascertained  directly  by  Sir  H. 
Davy  and  Dr.  Thomson. 

Ammooiacal  gas  has  a  powerful  affinity  for  water,  and  for  this  reason 
must  always  be  collected  over  mercury.  Owing  to  this  attraction,  a  piece  of 
ice,  when  introduced  into  a  jar  full  of  ammonia,  is  instantly  liquefied,  and 
the  gas  disappears  in  the  course  of  a  few  seconds.  Davy,  in  his  Elements, 
stated  that  water  at  50^,  and  when  the  barometer  stands  at  29.8  inches,  ab- 
■ori»  670  times  its  volume  of  ammonia;  and  that  the  solution  has  a  spedfic 
gimvity  of  0.875.  According  to  Dr.  Thomson,  water  at  the  common  tempe- 
ratnre  and  pressure  takes  up  780  times  ita  bulk.  By  strong  compression, 
water  absort»  the  gas  in  still  greater  quantity.  Heat  is  evolved  during  its 
absorption;  and  a  considerable  expansion,  independently  of  the  increased 
temperature,  occurs  at  the  same  time. 

Tlie  concentrated  solution  of  ammonia,  commonly  though  incorrectly 
termed  liquid  ammonia^  is  made  by  transmitting  a  current  of  the  gas,  as 
long  as  it  continues  to  be  absorbed,  into  distilled  water,  which  is  kept  cool 
by  means  of  ice  or  moist  cloths.  The  gas  may  be  prepared  from  any  salt  of 
ammonia  by  the  action  of  any  pure  alkali  or  alkaline  earth ;  but  hydrochlo- 
rate  of  ammonia  and  lime,  fVom  economical  considerations,  are  always  em- 
ployed. The  proportions  to  which  I  give  the  preference  are  equal  parts  of 
hydrochlorate  of  ammonia  and  well-burned  quicklime,  considerable  excess 
of  lime  being  taken,  in  order  to  decompose  the  hydrochlorate  more  expedi- 
tiously and  completely.  The  lime  is  staked  by  the  addition  of  water;  and  as 
soon  as  it  has  fallen  into  powder,  it  should  be  placed  in  an  earthen  pan  and 
be  covered  tiU  it  is  quite  cold,  in  order  to  protect  it  from  the  carbonic  acid 
of  the  air.  It  is  then  mixed  in  a  mortar  with  the  hydrochlorate  of  ammonia, 
previously  reduced  to  a  fine  powder ;  and  the  mixture  is  put  into  a  retort  or 
other  convenient  glass  vessel.  Heat  is  then  applied,  and  the  temperature 
gradually  increased  as  long  as  a  free  evolution  of  gas  continues.  The  ammo* 
nia  should  be  conducted  by  means  of  a  safety  tube  of  Welter  into  a  quantity 
of  distilled  water  equal  to  the  weight  of  the  salt  employed.  The  residue 
consists  of  chloride  of  calcium,  and  lime. 

The  concentrated  solution  of  ammonia,  as  thus  prepared,  is  a  clear  eo* 
loarless  liquid,  of  specific  gravity  0.936.  It  possesses  the  peculiar  pungent 
odour,  taste,  alkalinity,  and  other  properties  of  the  gas  itself.  On  account  of 
its  pfveat  volatility,  it  should  be  preserved  in  well^stopped  bottles,  a  measure 
which  IS  also  required  to  prevent  the  absorption  of  carbonic  acid.  At  a  tem- 
peratore  of  IW^  it  entem  into  ebullition,  owing  to  the  rapid  escape  of  pure 
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coMPOuinM  or  hydbooir  and  caebon. 


but  the  whole  of  the  gas  cannot  be  expelled  by  this  meant,  aa  at 
last  the  aolution  itself  evaporates.  It  freezes  at  about  the  same  temperature 
as  mercury. 

The  fbUowingr  ubie,  from  Sir  H,  Davy*s  Elemente  of  Chemical  Philoso- 
phy, shows  the  quantity  of  real  ammonia  contained  in  100  parte  of  solutions 
of  different  donsiUes,  at  59^  F.  and  when  the  barometer  stands  at  30  inches. 
The  specific  gravity  of  water  is  supposed  to  be  10,000  : 

TaUe  of  the  Quantity  of  real  Ammonia  in  Solutiont  of  different  Dentitua. 


100  parte  of 

Of  real 

100  parte  of 

Of  real 

sp.  gravity. 

Ammonia. 

sp.  gravity. 

Ammonia. 

8750 

32.5 

9435 

14.53 

8875 

.S 

29i» 

9476 

3 

13.46 

9000 

-§ 

36.00 

9513 

12.40 

9054 

3 

25.37 

9545 

8 

11.56 

9166 

22.07 

9573 

10.82 

9255 

19.54 

9597 

10.17 

9326 

17.52 

9619 

9.60 

9385 

15.88 

9692 

9.50 

The  presence  of  free  ammoniacal  gas  may  always  be  detected  by  ite 
odour,  by  ite  temporary  action  on  yellow  turmeric  paper,  and  by  ite  form- 
ing  dense  white  fumes— -hydrochlorate  of  ammonia — when  a  glass  rod 
moistened  with  hydrochloric  add  is  brought  near  it. 


SECTION   11. 


COMPOUNDS  OF  HYDROGEN  AND  CARBON. 

Chcxists  have  for  several  years  been  acquainted  with  two  distinct  com- 
pounds of  carbon  and  hydrogen,  viz.  carburetted  hydrogen  and  defiant 
gases ;  but  late  researches  have  enriched  the  science  with  several  other  com- 
pounds of  a  similar  nature,  to  which  much  interest  is  atteched.  They  are 
remarkable  for  their  number;  for  supplying  some  Instructive  instences  of 
isomerism ;  for  their  tendency  to  unite  with  and  even  neutralize  powerful 
adds,  without,  in  their  uncombined  stete,  manifesting  any  ordinary  sijps  of 
alkalinity ;  and  some  of  them  appear  to  act  an  importent  part  in  the  forma- 
tion of  the  ethers,  camphor,  and  some  other  inflammable  substenees.  The 
following  tebular  view  represente  the  composition  of  those  which  have  as 
yet  been  studied. 

Hydrogen.        Carbon.      Equiv.  Formulse. 


Light  carburetted 

hydrogen 
Olefiant  gas 
Etherine 
Bicarburet  of 

hydrogen 
Parafiine 
Eopione 
Naphtha 
Naphthaline 
Faranaphthaline 
Idrialine 

Camphene 
Qtreiie 


2  2  eq.-f  6.12     1  eq.=  8.12      2H-f  C  or  H«C. 

2  2  eq. -f  12.24     2  eq.=  l4J24      2H-f  2C  or  H«Ca 

4  4  eq.  -f  24.48     4  eq.=28.48      4H  -f  4C  or  HKJ^. 

i   3  3  eq.  +36.72     6  eq.=39.72      3H  +6C  or  HtC«. 

>    Same  ratio  of  elemente  as  in  etherine,  but  equivalent  is 
5       unknown. 

5  5  eq.  +36.72     6  eq.=41.72  5H  +6C  or  H'C«. 
4  4  eq.+6lJ2     10  cq.=65.2  4H  +10C  or  H<C»o. 

6  6  eq.  -f91.8     1 5  eq.  =97.8  6H  +15C  or  H»Ct». 
Ratio  of  carbon  to  hydrogen  as  3  to  1,  but  equiva- 
lent unknown. 

i   8  8eq.+  61.2  10  eq.a69J9        aH+lOCorHeC'« 


COMPOVHIM  or  BVDBOOBN  AND   CAEBOR.  345 

lAgkt  Carhuretted  Ifydrogen, — ^TbU  g^u  is  flometimoi  called  heavy  in, 
JUoHnuMe  air,  the  in/lamnuMe  air  of  maraheM,  and  kydroearfmret.  Agree* 
aMy  to  the  principles  of  chemical  nomenclature,  taking  carbon  as  the  elec« 
tro-negaiive  element,  it  is  a  diearhuret  of  hydr9gen  ;  but  it  is  generally  termed 
light  carhuretted  hydrogen.  It  is  formed  abundantly  in  stagnant  pools  duj*. 
ing-  the  spontaneous  decomposition  of  dead  veEetable  matter ;  and  It  may 
readily  be  procured  by  stirring  the  mod  at  the  bottom  of  them,  and  collect. 
ing  the^  as  it  escapes,  in  an  inverted  glass  vessel.  In  this  state  it  is  found 
to  oontam  l-20th  of  carbonic  acid  gas,  which  may  be  removed  by  means  of 
lime-watei^  or  a  solution  of  pure  potassa,  and  1.15th  or  lJ90th  of  nitrogen. 
This  is  the  only  convenient  method  of  obtaining  it  Light  carburetted  hy- 
drogen is  tasteless  and  nearly  inodorous,  and  it  does  not  diange  the  colour 
of  htmus  or  turmeric  paper.  Water,  according  to  Dr.  Henry,  absorbs  about 
1.60th  of  its  volume.  It  extinguishes  all  burning  bodies,  and  is  unable  to 
support  the  respiration  of  animals.  It  is  highly  inflammable;  and  when  a 
jet  of  it  is  set  on  fire,  it  bums  with  a  yellow  flame,  and  with  a  much 
tHroDger  light  than  is  occasioned  by  hydrogen  gas.  With  a  due  proportion 
of  atmosplwric  air  or  oxygen  gas  it  forms  a  mixture  which  detonates  power« 
fully  with  the  electric  spark,  or  by  the  contact  of  flame.  The  sole  products 
of  the  explosion  are  water  and  carbonic  acid. 

DalUm  first  ascertained  the  real  nature  of  light  carburetted  hydrogen,  and 
it  has  since  been  particularly  examined  by  Thomson,  Davy,  and  Henry, 
When  100  measures  are  detonated  with  rather  more  than  twice  their  voU 
mne  of  oxygen  gas,  the  whole  of  the  inflammable  gas  and  precisely  300 
measures  of  the  oxygen  disappear,  water  is  condensed,  and  100  measures  of 
carbGoic  acid  are  pr<dooed.  Now  100  measures  of  carbonic  acid  gas  contain 
(page  187)  100  of  carbon  vapour  and  100  of  oxygen  gas,|ust  half  the  oxygen 
which  bad  been  employed ;  and  the  remaining  oxygen  reqmres  200  measures  of 
hydrogen  to  form  water.    Hence  as,  at  60^  F.  and  30  mches  Bar., 

Grains, 
100  cubic  inches  of  carbon  vapour  weigh  .  •  13.0714 

200         do.  hydrogen  gas  .  .  .  4.2734 

100         da  light  carburetted  hydrogen  must  weigh        17.3448 

These  weights  are  obriously  in  the  ratio  of  2  to  6.12  as  already  assigned! 
and  the  density  of  sueh  a  gas  ought  to  be  0.5593,  which  it  nearly  the  quan? 
tity  found  experimentally  by  Thomson  and  Henrr. 

Light  carburetted  hyvogen  is  not  decomposed  by  electricity,  nor  by  being 
passed  through  red-hot  tubes,  unleas  the  temperature  is  very  intense,  in 
which  case  some  of  the  gas  does  suffer  deoomposit  on,  each  volume  yield* 
ing  two  volumes  of  pore  hydrogen  gras  and  a  deposits  of  oharooaL 

Chlorine  and  light  carburetted  hydrogen  gas  do  not  act  on  each  other  at 
common  temperatures,  when  quite  dry,  even  if  exposed  to  the  direct  solar 
rays.  If  moist,  and  the  mixture  is  kept  in  a  dark  place,  still  no  action 
ensues ;  but  if  light  be  admitted,  particularly  sunshine,  decomposition  fol« 
lows.  The  nature  of  the  products  depends  upon  the  proportion  of  the  gases. 
If  four  measures  of  chlorine  and  one  of  light  carburetted  hydrogen  are 
present,  carbonic  and  hydrochloric  acid  gases  wiU  be  produced!  two  volumes 
of  chlorine  combined  with  two  volumes  of  hydrogen  contained  in -the  qar? 
buretted  hydrogen,  and  the  other  two  volumes  of  chlorine  decompose  so 
much  water  as  will  likewise  give  two  volumes  of  hydrogen,  forming  hydro* 
eblorie  acid ;  while  the  oxveen  of  the  water  unites  vnth  the  carbon,  and 
oonverii  it  into  carbonic  acid.  If  there  are  three  instead  of  fiiur  volumes  of 
chlorine,  carbonic  oxide  will  be  generated  instead  of  carbonie  acid,  because 
cmchalf  less  water  will  be  decomposed.  (Dr.  Henry.)  If  a  mixture  of  chlo- 
rine and  liijrht  carburetted  hydrogen  is  electrified  or  exposed  to  a  red  heat, 
hydrocUorio  acid  is  formed,  and  charcoal  deposited. 

It  vras  first  ascertained  by  Henry  (Nicholson*s  Journal,  vol.  xix.),  and  his 
eondosioiis  have  been  fhlly  confirmed  by  the  subsequent  researohes  of  Davy, 

21» 
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that  the  fire-damp  of  coal  minea  oonsiats  almost  solely  of  WgYii  carburetted 
hydrogen.  This  gras  often  iasoes  in  large  quantity  n'om  between  beds  of 
coal,  and  by  collecting  in  mines  owing  to  de6cient  ventilation,  gradually 
mingles  with  atmospheric  air,  and  forms  an  explosive  mixture.  The  first 
unprotected  light  which  then  approaches,  sets  fire  to  the  whole  mass,  and  an 
explosion  ensues.  These  accidents,  which  were  formerly  so  frequent  and  so 
fatal,  are  now  comparatively  wre,  owing  to  the  employment  of  the  safety- 
lamp.  For  this  invention  we  are  indebted  to  Davy,  who  established  the 
principles  of  its  construction  by  a  train  of  elaborate  experiment  and  close 
reasoning,  which  may  be  regarded  as  one  of  the  happiest  efibrts  of  his 
g«>nius.  (Essay  on  Flame.) 

Davy  commenced  the  inquiry  by  determining  the  best  proportion  of  air 
and  light  carburetted  hydrogen  for  forming  an  explosive  mixture.  When 
the  inflammable  gas  is  mixed  with  3  or  4  times  its  volume  of  air,  it  does 
not  explode  at  alC  It  detonates  feebly  when  mixed  with  5  or  6  times  its 
balk  of  air,  and  powerfully  when  1  to  7  or  8  is  the  proportion.  With  14 
times  its  volume,  4t  still  forms  a  mixture  which  is  explosive ;  but  if  a 
larger  quantity  of  air  be  admitted,  a  taper  bdma  in  it  only  with  an  enlarged 
flame. 

The  temperature  required  for  causing  an  explosion  was  next  ascertained.  It 
was  found  that  the  strongest  explosive  mixture  may  come  in  contact  with  iron 
or  other  solid  bodies  heated  to  redness,  or  even  to  whiteness,  without  detonating, 
provided  they  are  not  in  a  state  of  actual  combustion ;  whereas  the  smallest 
point  of  flame,  owing  to  its  higher  temperature,  instantly  causes  an  explosion. 

The  last  important  step  in  the  inquiry  was  the  observation  that  flame 
cannot  pass  through  a  narrow  tube  This  led  to  the  discovery,  that  the 
power  of  tubes  in  preventing  tlie  transmission  of  flame  is  not  necessarily 
connected  with  any  particular  length ;  and  that  a  very  short  one  will  have 
the  effect,  provided  its  diameter  is  proportionally  reduced.  Thus  a  piece  of 
fine  wire  gauze,  which  may  be  regarded  as  an  assemblage  of  short  narrow 
tubes,  is  quite  impermeable  to  flame :  and  consequently  if  a  common  oil 
lamp  be  completely  surrounded  with  a  cage  of  such  gauze,  it  may  be  intro- 
duced into  an  explosive  atmosphere  of  fire-damp  and  air,  without  kindling 
the  mixture.  This  simple  contrivance,  which  is  appropriately  termed  the 
Mofety'lamp^  not  only  prevents  explosion,  but  indicates  the  precise  moment 
of  danger.  When  the  lamp  is  carried  into  an  atmosphere  charged  with 
fire-damp,  the  flame  begins  to  enlarge ;  and  the  mixture,  if  highly  explosive, 
takes  fire  as  soon  as  it  has  passed  through  the  gauze,  and  bums  on  its  inner 
surface,  while  the  light  in  the  centre  of  the  lamp  is  extinguished.  When- 
ever  this  appearance  is  observed,  the  miner  must  instantly  withdraw; 
for  though  the  flame  should  not  be  able  to  communicate  with  the  explosive 
mixture  on  the  outside  of  the  lamp,  as  long  as  the  texture  of  the  gauze  re- 
mains entire,  yet  the  heat  emitted  during  the  combustion  is  so  great,  that  the 
wire,  if  exposed  to  it  fi>r  a  few  minutes,  would  suffer  oxidation,  and  fall  to 


The  peculiar  operation  of  small  tubes  in  obstructing  the  passage  of  flame 
admits  of  a  very  simple  explanation.  Flame  is  gaseous  matter  lieated  so 
intensely  as  to  be  luminous ;  and  Davy  has  shown  that  the  temperature 
necessary  for  producing  this  effect  is  far  higher  than  the  white  heat  of  solid 
bodies.  Now  when  flame  comes  in  contact  with  the  sides  of  very  minute 
apertures,  as  when  wire  gauze  is  laid  upon  a  burning  jet  of  coal  gas,  it  is 
deprived  of  so  much  heat  that  its  temperature  instantly  falls  below  the 
degree  at  which  gaseous  matter  is  luminous ;  and  consequently  though  the 
gas  itself  passes  freely  through  the  interstices,  and  is  still  very  hot,  it  is  no 
u>nger  incandescent  Nor  does  this  take  place  when  the  wire  is  cold  only; 
•i><*tne  effect  is  equally  certain  at  any  degree  of  heat  whieh  the  flame  can 
communicate  to  it  For  since  the  gauze  has  a  large  extent  of  surface,  and 
from  its  metallic  nature  is  a  good  conductor  of  hea^  it  loses  heat  with  great 
rapidity.  Its  temperature,  therefore,  though  it  may  be  heated  to  whiteness, 
is  always  so  fiir  below  that  of  flame,  as  to  exert  a  cooling  influence  over 
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the  bnming  gas,  and  reduce  its  heat  below  the  point  at  which  it  is  incan- 
descent 

These  principles  sugrgest  the  conditions  under  which  Davj*8  lamp  would 
cease  to  be  safe.  If  a  lamp  with  its  gauze  red-hot  be  exposed  to  a  current 
of  explosive  mixture,  tlie  flame  may  possibly  pass  so  rapidly  as  not  to  be 
cooled  below  the  point  of  ignition,  and  in  that  case  an  accident  might  occur 
with  a  lamp  which  would  be  quite  safe  in  a  calm  atmosphere.  It  has  been 
lately  shown  by  Messrs.  Upton  and  Roberts,  lamp  manufacturers  of  this  city, 
that  flame  in  this  way  may  be  made  to  pass  through  the  safety-lamp  as 
oommonly  constructed;  and  I  am  satisfied,  from  having  witnessed  some 
of  their  experiments,  that  the  observation  is  correct  This  then  may 
account  for  accidents  in  coal  mines  where  the  safet^-Iamp  is  constantly 
employed.  An  obvious  mode  of  avoiding  such  an  evil  is  to  diminish  the 
apertures  of  the  gauze ;  but  this  remedy  is  nearly  impracticable  from  the 
cjistacle  which  very  fine  gauze  causes  to  the  dinasion  of  light.  A  better 
method  is  to  surround  the  common  safety-lamp  with  a  glass  cylinder,  allow- 
ing air  to  enter  solely  at  the  bottom  of  the  lamp  through  wire  pfauze  of 
extreme  fineness,  placed  horizcaitally,  and  to  escape  at  top  by  a  similar  con- 
trivanoe.  Upton  and  Roberts  have  constructed  a  lamp  of  this  kind,  through 
which  I  have  in  vain  tried  to  cause  the  communication  of  flame,  and  which 
appears  to  me  perfectly  secure :  in  case  an  accident  should  break  the  glass, 
the  bmp  would  be  reduced  tu  a  safety-lamp  of  the  common  construction. 
Davy's  lamp  thus  modified  gives  a  much  better  light  than  without  the  glass, 
just  as  all  lamps  burn  better  with  a  shade  than  without  one. 

OlefiatU  Gas. — ^This  gas  was  discovered  in  1796  by  some  associated 
Dutch  chemists,  who  gave  it  the  name  of  olefiant  gag,  from  its  property 
of  forming  an  oil-like  liquid  with  chlorine.  It  is  sometimes,  but  very 
improperly,  called  bicarburetted  or  percarburetted  hydrogen.  The  ratio  of 
its  elements  bein^  as  one  to  one  suggests  the  term  carburet  of  hydrogen;  but 
this  docs  not  indicate  that  two  equivalents  of  carbon  are  combined  with  two 
eq.  of  hydrogen  to  form  one  eq.  of  the  gas.  Perhaps  the  expression^ 
carburet  of  hydrogen  will  adequately  express  this,  a  principle  of  nomencla- 
ture already  adopted  by  some  of  the  German  chemists. 

Olefiant  gas  is  prepared  by  mixing  in  a  capacious  retort  six  measures  of 
strong  alcohol  with  twelve  of'^ concentrated  sulphuric  acid,  and  heating  the 
mixture,  as  sobn  as  it  is  made,  by  means  of  an  Argand  lamp.  The  acid 
soon  acts  upon  the  alcohol,  effbrvescence  ensues,  and  olefiant  gas  passes 
over.  The  chemical  changes  which  take  place  are  of  a  complicated  nature, 
and  the  products  numerous.  At  the  commencement  of  the  process,  the 
olefiant  gas  is  mixed  only  with  a  little  ether ;  but  in  a  short  time  the  solu- 
tion becomes  dark,  the  formation  of  ether  declines,  and  the  odour  of  sul- 
phurous acid  begins  to  be  perceptible :  towards  the  close  of  the  operation, 
though  olefiant  gas  is  still  the  chief  product,  sulphurous  acid  is  freely  dis- 
engaged,  some  carbonic  acid  is  formed,  and  charcoal  in  large  quantity  depo* 
sited.  The  olefiant  gas  may  be  collected  cither  over  water  or  mercury. 
The  greater  part  of  the  ether  condenses  spontaneously,  and  the  sulphurous 
and  carbonic  acids  may  bo  separated  by  washing  the  gas  with  lime-water, 
or  a  solution  of  pure  potassa. 

The  olefiant  gas  in  this  process  is  derived  solely  from  the  alcohol ;  and 
its  production  is  owing  to  the  strong  afiinity  of  sulphuric  acid  for  water. 
Alcohol  is  composed  of  carbon,  hydrogen,  and  oxygen;  and  from  the  pro- 
portion of  its  elements  it  is  inferred  to  be  a  compound  of  14  24  parts  or  one 
equivalent  of  olefiant  eas,  united  with  9  parts  or  one  equivalent  of  water. 
It  is  only  necessary,  thcrcfbre,  in  order  to  obtain  olefiant  gas,  to  deprive  al- 
cohol of  the  water  which  is  essential  to  its  constitution ;  and  this  is  effected 
by  sulphuric  acid.  The  formation  of  ether,  which  occurs  at  the  same  time, 
will  he  explained  hereafter.  The  other  phenomena  are  altogether  ex- 
traneous. They  almost  always  ensue  when  substances  derived  from  .the 
animal  and  vegetable  kingdoms  are  subjected  to  the  action  of  sulphurio 
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add.  They  occur  chiefly  at  the  cloee  of  the  preeedio([r  process,  in  oonse- 
qoenco  of  the  excess  of  acid  which  is  then  present 

Olefiant  gas  is  a  colourless  elsstic  fluid,  which  when  pure  has  no  taste 
and  scarcely  any  odour.  Water  absorbs  about  one^ighth  of  its  volume. 
Like  the  preceding  compound  it  extinguishes  flame,  is  unable  to  support  the 
respiration  of  animals,  and  is  set  on  fire  when  a  lighted  candle  is  presented 
to  it,  burning  slowly  with  the  emission  of  a  dense  white  lif  ht.  With  a 
proper  quantity  of  oxygen  gas,  it  forms  a  mixture  which  may  be  kindled  by 
flame  or  the  electric  spark,  and  which  explodes  with  grest  violence.  7% 
burn  it  completely,  it  should  be  detonated  with  four  or  five  times  its  volume 
of  oxygen.  On  conducting  this  experiment  with  the  requisite  care.  Dr. 
Henry  finds  that  for  each  measure  of  olefiant  gas,  precisely  three  of  oxygen 
disappear,  deposition  of  water  takes  place,  and  two  measures  of  carbonic 
acid  are  produced.  From  these  data  the  proportion  of  its  constituents  may 
easily  be  deduced  in  the  following  manner.  Two  measures  of  carbonic 
acid  contain  two  measures  of  the  vapour  of  carbon,  which  must  have  been 
present  in  the  olefiant  gas,  and  two  measures  of  oxygen.  Two-thirds  of  the 
oxygen  which  disappeared  are  thus  accounted  for ;  and  the  other  third  must 
have  combined  with  hydrogen.  But  one  measure  of  oxygen  reqaires  fur 
forming  water  precisely  two  measures  of  hydrogen,  which  must  likewise 
have  been  contained  in  the  olefiant  gas.    Hence,  as 

Grains. 
200  cubic  inches  of  the  vapour  of  carbon  weigh  .  26.1428 
200        do.  hydrogen  gas  weigh  .  4J3734 

100  cubic  inches  of  olefiant  gas  must  weigh  30.4162 

These  weiffhii  are  in  the  ratio  12.24  or  two  equivalents  of  carbon  to  2  or 
two  eq.  of  hydrogen,  as  in  the  table.  The  density  of  a  gas  so  constituted 
(page  148)  should  be  0.9808 :  whereas  the  density  found  experimentally  by 
Saussure  is  0.9852,  by  Henry  0.9C7,  and  by  Thomson  0.97. 

Olefiant  gas,  when  a  suceession  of  electric  sparks  is  passed  through  it,  is 
resolved  into  charcoal  and  hydrogen;  and  the  latter  of  course  occupies 
twice  as  much  space  as  the  gas  from  which  it  was  derived.  It  is  also  de- 
composed by  transmission  through  red-hot  tubes  of  porcelain.  The  nature 
of  the  products  varies  with  the  temperature.  By  employing  a  very  low 
degree  of  heat,  it  may  probably  be  converted  solely  into  car^n  and  light 
carburetted  hydrogen ;  and  in  this  case  no  increase  of  volume  can  occur, 
because  these  two  gases,  for  equal  bulks,  contain  the  same  quantitv  of  hy- 
drogen.  But  if  the  temperature  is  high,  then  a  great  increase  of  volume 
takes  place ;  a  circumstance  which  indicates  the  evolution  of  fi-ee  hydrogen, 
and  consequently  the  total  decomposition  of  some  of  the  olefiant  gas. 

Chlorine  acts  powerfully  on  olefiant  gas.  When  these  eases  are  mixed 
together  in  the  ratio  of  two  measures  of  the  former  to  one  of  the  latter,  they 
fi>rm  a  mixture  which  takes  fire  on  the  approach  of  flame,  and  which  burns 
rapidly  with  formation  of  hydrochloric  acid  gas,  and  deposition  of  a  large 
quantity  of  charcoal.  But  if  the  gases  are  allowed  to  remain  at  rest  after 
being  mixed  together,  a  very  different  action  ensues.  The  chlorine,  instead 
of  decomposing  the  olefiant  gas,  enters  into  direct  combination  with  it,  and 
a  yellow  liquid  like  oil  is  generated.  Wohler  has  remarked  its  production 
by  the  contact  of  olefiant  gas  with  certain  metallic  chlorides,  especially  the 
perchloride  of  antimony.  This  substance  is  sometimes  called  chloric  elher; 
but  the  term  chloride  of  hydrocarbon^  as  indicative  of  its  ingredients,  is 
more  appropriate.  The  name  hydrochloride  of  carbon  has  also  been  ap- 
plied to  it 

Chloride  of  hydrocarbon  was  discovered  by  the  Dutch  chemists;  but 
Thomson*  first  ascertained  that  it  is  a  compound  of  olefiant  gas  and  chlo- 

*  Memoirs  of  the  Wemerian  Society,  voL  L 
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rine ;  and  its  nature  has  rinoe  been  more  fully  elucidated  by  the  reaearohea 
of  Robiquet  and  Colin.*  When  first  collected  it  commonly  containa  traces 
of  ether,  hydrochloric  acid,  and  probably  some  other  impurity :  from  theaa 
it  b  purified  and  dried  by  being  well  washed  with  water,  and  then  distilled 
from  chloride  of  calcium;  and  it  is  rendered  still  purer,  according  to  Liebig, 
by  agitation  successively  ^with  solution  of  potassa,  pure  water,  and  strong 
sulphuric  acid,  from  the  latter  of  which  it  is  separated  by  distillation.  AD 
the  impurities  are  thus  decomposed,  while  the  chloride  of  bydrocarbon  passes 
ower  in  a  pore  state.  When  thus  purified,  it  is  a  colourless  volatile  liquid, 
of  a  peculiar  sweetish  taste  and  ethereal  odour.  Its  specific  gravity  at  64® 
is  1S47,  It  boils  at  148^  and  may  be  distilled  without  ehange.  It  sufibn 
complete  decomposition  when  its  vapour  is  passed  through  a  red-hot  porce- 
lain tube,  beins;  resolved  into  charcoal,  light  carboretted  hydrogen,  and  hr- 
drocbloric  acid  gas.  Mixed  with  chlorine  {^as,  and  exposed  either  to  the 
direct  solar  rays,  or  to  a  heat  of  nearly  148^,  it  is  converted  into  percblorido 
of  carbon  with  evolution  of  hydrochloric  acid  gas.  (Page  219.)  Exposed 
moist  to  sunshine,  it  is  said  by  Pfiiff  to  be  converted  into  hydrochloric  acid 
and  acetic  ether;  but  these  products  are  generated,  according  to  Liebig, 
solely  when  the  oil  is  impure.  It  is  decomposed  by  potassium,  which  unitee 
with  chlorine,  and  sets  olefiant  gas  at  liberty. 

The  composition  of  chloride  of  bydrocarbon  is  readily  inferred  fkom  the 
&et,  that  in  whatever  proportions  olefiant  gas  and  chlorine  may  be  mixed 
together,  they  always  unite  in  equal  volumea.  Consequentlv  they  combino 
by  weight  according  to  the  ratio  of  their  densities ;  so  that  chloride  of 
hjrdrocarbon  consists  of 

Chlorine  gas  2.4700     .     35i42  one  equivalent 

Olefiant  gas  0.9808     .      14.24  one  oquifaknt. 

3.4508     .     49.66 

Some  doubt  has  of  late  been  entertained  as  to  the  accuracr  of  this  esti- 
mate.  It  was  observed  by  M.  Morin  of  Geneva,  that  hydrochloric  acid  u 
always  formed  when  chJorino  acts  on  olefiant  gas,  and  he  inferred  that  the 
resulting  oil  must,  therefore,  contain  less  hydrogen  than  is  commonly  sup. 
posed.  These  views  have  in  some  measure  been  supported  by  Liebig,  who 
admits  the  constant  production  of  hydrochloric  acid,  and  found  by  analysis 
rather  lesn  hydrogen  than  the  quantity  above  assigned.  The  deficiency  in 
hydnxren,  however,  is  confessedly  so  minute,  as  to  leave  no  doubt  of  the 
preceding  estimate  being  very  near  the  troth ;  and  Dumas  contends  that  it 
IS  rigidly  exact  The  appearance  of  hydrochloric  acid  is  probably  owing  to 
the  presence  of  a  little  ether,  or  to  the  production  of  some  compound  dis- 
tinct from  the  chloride  of  hydrocarbon.  (An.  de  Ch.  et  de  Ph.  xliii.  244, 
xlviii.  185,  and  xlix.  182.) 

Chloride  of  hydrocarbon  forms  a  very  dense  vapour,  its  specific  gravity, 
according  to  Gay-Lussac,  being  3.4434.  This  is  very  near  the  united  den- 
sities  of  chlorine  and  olefiant  gas,  a  circumstance  greatly  in  fiivour  of  the 
general  opinion  concerning  the  constitution  of  the  chloride. 

Dr.  Henry  has  demonstrated  that  light  b  not  essential  to  the  action  of 
chlorine  on  olefiant  £as.  On  this  he  has  founded  an  ingenious  and  perfect- 
ly efficacious  method  of  separating  olefiant  gas  from  light  carburetted  hy- 
drogen and  carbonic  oxide  gases,  neither  of  which  is  acted  on  by  chlorine 
unless  light  is  preront  (Philos.  Trans,  for  1821.) 

Olefiant  gas  unites  also  with  iodine.  This  compound  was  discovered  by 
Mr.  Faraday  (Philos.  ^rans.  for  1821)  by  exposing  olefiant  gas  and  iodine, 
contained  in  the  same  vessel,  to  the  direct  rays  of  the  sun.  Iodide  if  hydro* 
emrboHj  or  hydriodide  of  carbon,  is  a  solid  white  crystalline  body,  which  has 


*  An,  de  Ch.  et  de  Ph.  L  and  ii. 
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a  sweet  taste  and  aromatic  odour.  It  sinks  rapidly  in  strong  snlpharic  acid. 
It  is  fosed  by  beat,  and  then  sublimed  without  change,  condensing  into 
crystals,  which  are  either  tabular  or  prismatic.  On  exposure  to  strong  heat, 
il  is  decomposed,  and  iodine  escspes.  It  bums,  if  held  in  the  flame  of  a 
spirit-lamp,  with  evolution  of  iodine  and  some  hydriodic  acid.  It  is  insolu^ 
ue  both  in  water  and  acid  or  slkaline  solutions.  Alcohol  and  ether  dissolve 
it,  and  on  evaporating  the  solution  it  crystallizes. 

Iodide  of  hydrocarbon  is  composed,  according  to  the  snalysis  of  Mr.  Fara- 
day, of  136.3  parts  or  one  equivalent  of  iodine,  and  1424  parts,  or  one  equi- 
valent of  defiant  gas.    (Quarterly  Journal  of  Science,  xiii.) 

Bromide  of  Ihfdroearhm^ — ^This  compound  was  formed  faj  Serullas,  by 
adding  one  part  of  the  iodide  of  hydrocarbon  to  two  parts  of  bromine  con- 
tained in  a  glass  tube.  Instantaneous  reaction  ensues,  attended  with  dis- 
engagement of  heat  and  a  hissinr  noise,  and  two  compounds,  the  bromide  of 
iomne  and  a  liquid  bromide  of  hydrocarbon,  are  generated.  By  means  of 
water  the  former  is  dissolved ;  while  the  latter,  coloured  by  bromine,  collects 
at  the  bottom  of  the  liquid.  The  decoloration  is  then  effected  by  means  of 
paustio  potassa.  In  order  that  the  process  should  succeed,  the  iodide  of  hy- 
drocarbon must  not  be  in  excess. 

Bromide  of  hydrocarbon,  after  being  wsshed  with  a  solution  of  potassa,  is 
ooburless,  heavier  than  water,  very  volatile,  of  a  penetrating  ethereal  odour, 
and  of  an  exceedingly  sweet  taste,  which  it  communicates  to  water  in  which 
it  is  placed,  in  consequence  of  being  slightly  soluble  in  that  liquid.  It  be- 
oomes  solid  at  a  temperature  between  21^  and  StS^  F.  This  compound  is 
identical  with  that  which  M.  Balard  formed  by  letting  a  drop  of  bromine 
ftll  into  a  flask  full  of  defiant  gas.    (An.  de  Ch.  et  de  Physique,  xxxiv.) 

£KAertne. — ^The  substance  to  which  this  name  is  now  applied  was  first 
obtained  and  examined  by  Mr.  Faraday.  (An.  of  PhiL  xxviL  44.)  In  the 
process  of  compressing  oil  gas  in  strong  copper  globes  for  the  supply  of  port- 
able pfas,  the  g^  is  subjected  to  a  pressure  equal  to  30  atmospheres,  and  a 
volatile  liquid  collects,  derived  from  inflammable  vapours  which  were  di£. 
fused  throuffh  the  gas.  This  liquid,  when  recently  collected,  boils  at  60°. 
On  simply  beating  it  by  the  hand,  and  conducting  the  vapour  through  tubes 
coded  to  0^  by  a  freezins^  mixture,  the  etherine  is  obtained  in  the  form  of  a 
highly  volatile  liquid,  which  bdls  \ij  slight  elevation  of  temperature,  and 
before  the  thermometer  rises  to  32^  is  wholly  reconverted  into  vapour.  It 
derives  its  name  fit>m  being  considered  as  an  essential  constituent  of  the 
ethers. 

The  vapour  of  etherine  is  highly  combustible,  and  bums  with  a  brilliant 
flame,  yielding  carbonic  acid  and  water.  On  being  cooled  to  0°  it  is  affain 
condensed  into  a  liquid,  the  density  of  which  at  54°  (being  kept  liquia  by 
the  pressure  of  its  own  vapour  in  a  tube  hermetically  sealed)  is  0.627 ;  so 
that  among  solids  and  liquids  it  is  the  lightest  body  known. 

Etherine  is  sparingly  dissolved  by  water ;  but  alcohol  takes  it  up  in  large 
quantitv,  and  the  solution  effervesces  by  dilution  with  water.  Alkalies  and 
hydrochloric  acid  do  not  affect  it  Sulphuric  add  absorbs  more  than  100 
times  its  vdume  of  the  vapour,  yidding  a  dark-cdoured  solution,  but  with- 
out evolution  of  sulphurous  acid. 

From  the  analysis  of  the  vapour  of  etherine,  made  by  detonating  it  with 
oxygen  gas,  Faraday  infers  that  each  volume  requires  six  of  oxygen  for  com. 
plete  combustion,  and  yields  four  volumes  of  carbonic  acid.  Hence,  100 
cubic  inches  of  the  vapour  contain  400  of  the  vapour  of  carbon,  and  400  of 
hydrogen  gas ;  and  since 

Grains. 
400  cubic  inches  of  carbon  vapour  weigh  -  52.2856 
400  *«  hydrogen  gas    -        -        -  8.5468 

100  **  etherine  vapour  should  weigh    60.8324 

These  weights  are  in  the  ratio  S448  or  ibur  equivalents  of  carbon  to  4  or 
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fedir  eq. of  bTdrogtti,  being  tiie  eatDpcMitioD  slreadv  given  in  tbetable.  The 
density  of  its  vapour  ehould  be  1^616,  while  Mr.  Farftdajfoond  it  tob( 
1^1  by  obeermtion. 

Biearbmret  9f  ihfdngeti, — ^Thii  compound  was  obtained  by  Faraday  from 
the  same  oil  gas  liquid  which  yielded  etherine.  As  soon  as  the  more  voIa- 
tile  parti  are  dissipated,  which  happens  before  one-tenth  is  thrown  off,  th^ 
point  of  ebullition  rises  to  100° ;  and  it  gradually  ascends  to  250^  before  all 
the  Uquid  is  ?oIatUiied,  indicating  the  presence  of  two  or  more  compounds 
differing  in  volatility.  It  was  remarked  that  the  boiling  point  was  more 
constant  between  176^  and  190°  than  at  any  other  temperature ;  and  on  oqI> 
lecting  the  liquid  which  came  over  at  that  part  of  the  process,  distilling  re- 
peatedly, and  employing  a  cold  of  0°,  he  succeeded  in  obtaining  a  substance 
of  invariable  character,  to  which  he  applied  the  nwAe  oTbiearmuret  of  hydro- 
gen,  expressive  of  the  ratio  of  ita  elements  though  not  of  their  quantity. 

Bicarburet  of  hydrogen,  at  common  temperatures,  is  a  colourless  transpa- 
Tent  liquid,  which  smeTls  like  oil  gas,  and  has  also  a  slight  odour  of  almonds. 
Ita  specific  gravity  is  nearly  0.85  at  GO^  F.  At  32<^  it  is  congealed,  and 
Ibrms  dendritic  crystals  on  the  sides  of  the  glass.  At  xero  it  is  transparent, 
brittle,  and  pulverulent,  and  is  nearly  as  hard  as  loaf-sugar.  When  exposed 
to  the  air  at  the  ordinary  temperature  it  evaporates,  and  boils  at  186°.  The 
density  of  ita  vapour  at  60°,  and  when  the  barometer  stands  at  29.98  inches, 
is  nearly  2.7760. 

Bicarburet  of  hydrogen  is  very  slightly  soluble  in  water ;  but  it  dissolves 
freely  in  fixed  and  volatile  oils,  in  ether,  and  in  alcohol,  and  the  alcoholic 
solution  is  precipitated  by  water.  It  is  not  acted  on  by  alkalies.  It  is  com- 
bustible, and  bums  with  a  bright  flame  and  much  smoke.  When  admitted 
to  oxygen  gas,  so  much  vapour  rises  as  to  make  a  powerfully  detonating 
mixture.  Potassium  heated  in  it  does  not  lose  ita  lustre.  On  passing  ita 
vapour  through  a  red-hot  tube,  it  gradually  deposites  charcoal,  and  yields 
carboretted  hydrogen  gas.  Chlorine,  by  the  aid  of  sunshine,  decomposes  it 
with  evolution  of  hydrochloric  acid.  Two  triple  compounds  of  chlorine, 
carbon,  and  hydrogen  are  formed  at  the  same  time,  one  of  which  is  a  crys- 
talline  solid,  the  oUier  a  dense  thick  fluid. 

Bicarburet  of  hydrogen  was  analyzed  in  two  ways.  In  the  first,  its  vapour 
was  passed  over  oxide  of  copper  heated  to  redness ;  and  in  the  second,  it  was 
detonated  with  oxygen  gas.  Carbonic  acid  and  water  were  the  sole  pro. 
ducto :  and  as  the  idMence  of  oxygen  is  established  by  the  inaction  of  potas- 
riuro,  it  follows  that  the  bicarburet  oonsista  of  carbon  and  hydrogen  only. 
Mr.  Faradaj|r  infers  from  his  analyses,  that  100  measures  of  the  inflammable 
vapour  require  750  of  oxygen  for  complete  combustion ;  that  150  measures 
of  oxynn  unite  with  300  hydrogen ;  and  that  the  remaining  600  combine 
with  600  of  the  vapour  of  carbon,  forming  600  measures  of  carbonic  acid 
gas.    Hence,  as 

Grains. 
600  cubic  inches  of  carbon  vapour  weigh  -  78.4284 

300    -  -  hydrogen  gas  •        -  6.4101 

100    .  -  bicarburet  vapour  should  weigh     84.8385 

The  ratio  of  these  weighta  is  36.72  or  six  eq.  of  carbon  to  3  or  three  eq.  of 
hydrogen  as  already  stated.  The  calculated  density  is  2.7357,  which  nearly 
agrees  with  the  experimental  number. 

Pan^ne4 — ^This  substance  was  discovered  about  the  same  time  by  Dr. 
Reichenbach  in  Moravia,  and  by  Dr.  Christison.  The  latter  obtained  it  b^ 
distillation  from  the  petroleum  of  Rangoon,  and  in  1831  read  a  notice  on  it 
before  the  Royal  Society  of  Edinburgh  under  the  name  of  petroline;  the 
former  procured  it  by  distilling  tar  derived  from  the  igneous  decomposition 
of  vegetable  matter,  especially  of  beoch  wood,  and  applied  to  it  the  name 
under  which  it  has  become  known,  compounded  ofparum  qjfini$,  little  akin^ 
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to  denote  the  reinark«ble  chemical  indiflRsrence  which  it  iU  chaneterittic 
ftature.    (An.  de  Ch.  et  de  Ph.  1.  69.) 

In  dittilling  beedi-tar,  three  liqoidfl  are  obtained,  the  heaviest  of  which  is 
nnctuoaa  and  contains  the  paraffine.  It  is  purified  in  pert  by  repeated  dis- 
tillation, and  then  heated  to  212^  with  half  its  weight  of  strong  sulphuric 
acid,  whereby  its  impurities  are  decomposed,  and  Uie  paraffine  collects  on 
oooling  as  a  cake  on  the  surface :  for  its  more  complete  separation  the  add 
should  be  kept  at  113^  for  some  hours.  The  paraffine  is  then  removed, 
wmshed  with  water,  presaed  witliin  folds  of  blottin|r  paper,  in  order  to  im- 
bibe  some  adhering  oil,  and  is  then  dissolved  in  boilmg  very  strong  alcohol, 
oat  of  which  it  crystallizes  in  cooling. 

Paraffine  at  common  temperatures  is  a  rather  firm  solid,  of  density  0.87, 
fatty  in  aspect,  is  tasteless  and  inodorous,  and  separates  firt>m  its  alcoholic 
solution  in  thin  lamin«  of  a  lustre  and  appearance  very  like  chcJesterine. 
At  111^  it  fuses  into  a  colourless  oily  liquid,  and  rises  in  vapour,  evaporat- 
ing without  change.  It  is  inflammable  like  the  fiits,  and  burns  with  a  pure 
white  flame,  yielding  carbonic  acid  and  water. 

Paraffine  resisto  the  action  of  all  the  acids,  the  alkalies,  and  chlorine,  and 
may  be  fused  without  chan^.  Fusion  with  camphor,  naphthaline,  and  piteh 
causes  no  action ;  but  it  unites  with  stearine,  cetine,  and  wax,  when  fiised 
with  them.  Its  best  solvents  are  spirit  of  turpentine  and  naphtha,  which  dis- 
solve it  even  in  the  cold ;  and  the  fiit  oils  take  it  up  readily  by  the  aid  of 
heat 

According  to  an  analysis  by  J.  Gay-Lussac,  its  sole  elements  are  carbon 
and  hydrogen,  in  the  same  ratio  as  in  defiant  gas;  but  as  neither  its 
equivalent  nor  the  density  of  its  vapour  arc  known,  its  atomic  consiitution  is 
nndetermined. 

Eupione. — ^This  substance,  discovered  and  described  by  Dr.  Reichenbaoh 
at  the  same  time  as  paraffine,  derives  its  name  from  w  toeu,  and  inmf  greasy, 
being  analogous  to  oils  in  groasiness  to  paper  and  inflammability,  though  a 
much  more  perfect  liquid,  being  as  limpid  as  alcohol.  It  has  no  taste, 
colour,  or  odour,  retains  its  liquid  form  at — 4°,  lias  a  density  of  0.74,  and 
boils  at  339®,  evaporating  without  change  or  residue.  In  water  it  is  insolu- 
ble ;  but  it  dissolves  in  ether,  spirit  of  turpentine,  naphtha,  almond  oil,  bisul- 
phuret  of  carbon,  and  alcohol.  The  latter  is  its  best  solvent :  100  parte  of 
eupione  dissolve  in  33  of  absolute  alcohol  at  63^,  and  in  every  proportion  with 
the  aid  of  heat.  When  kindled  it  burns  with  a  lively  flame,  without  smoke, 
and  carbonic  acid  and  water  are  ite  sole  producte. 

Eupione  dissolves  camphor,  stearine,  cetine,  cholesterine,  naphthaline,  and 
paraffine,  especially  when  heated.  It  also  dissolves  chlorine,  bromine,  and 
iodine;  bnt  they  are  expelled  by  heat,  and  leave  the  eupione  unchanged.  It 
is  not  altered  by  exposure  to  the  air,  nor  is  it  attacked  by  poteasium,  by  the 
strong  acids,  or  by  the  pure  alkalies. 

Eupione  is  a^pociated  with  paraffine  in  animal  and  vegeUble  tor,  being 
most  abundant  in  the  former,  as  paraffine  is  in  the  latter.  It  is  bc»t  pre- 
pared  by  distillation  from  the  tor  derived  from  bones  or  horn,  and  is  purified  bv 
repeated  distillation  from  strong  sulphuric  acid.  After  being  washed  with 
an  alkaline  solution  to  remove  adhering  acid,  ite  only  remaining  impu- 
rity is  paraffine,  the  greater  part  of  which  crystallizes  under  a  cold  of  O^'. 
The  separation  n^y  also  be  effected  by  means  of  alcohol,  and  bv  cautious 
dutillation  along  with  water,  since  eupione  is  more  soluble  in  alcohol  ^nd 
more  volatile  than  paraffine.     (An.  de  Ch.  et  de  Ph.  i.  60.) 

The  composition  of  eupione  has  not  been  determined.  Judging  from  ite 
properties  it  must  be  a  compound  of  carbon  and  hydrogen,  and  propably 
differs  from  paraffine  only  in  conteining  a  smaller  proportion  of  carbon.  ^ 

Naphtha, — This  name,  from  the  Greek  ? a^Stf,  is  applied  to  a  volatile  lim- 
pid  liquid,  of  a  strong  peculiar  odour,  and  generally  of  a  light  yellow  colour; 
but  it  mav  be  renders!  colourless  by  carefuldistillation.  Ite  specific  gravity, 
when  highly  rectified,  is  0.753  at  61°  F.  It  is  very  inflammable,  and  burnt 
with  a  white  flame  mixed  with  much  smoke.  In  a  platinum  vessel  it  begins 


COMPOUNDB  OF  H7DE0OBlf  AND  CARBON.  853 

to  boil  at  158^  F^  but  the  thermometer  is  not  stationary  nntil  it  reaches  192^ 
Its  vapour  has  a  den^tj  of  2.833.  (Saussare.)  It  retains  its  liquid  form  at  0<^. 
It  is  insoluble  in  water,  but  unites  in  every  proportion  witli  absolute  alcohol, 
sulphuric  ether,  petroleum,  and  oils.  By  exposure  to  the  air,  it  slowly 
absorbs  oxygen,  and  at  the  same  time  gives  out  a  little  carbonic  acid.  The 
oxygen  found  in  some  specimens  of  naphtha  is  probably  derived  from  this 
source.  (An.  de  Ch.  et  do  Ph.  xlix.  240.) 

When  spirit  of  turpentine  is  deprived  of  all  absorbed  oxygen  hy  the  action 
of  potassium,  and  is  then  carefully  distilled,  it  is  found  to  possess  the  recog- 
nized properties  of  naphtha,  and  to  consist  solely  of  carbon  and  hydrogen  in 
the  ratio  of  six  eq.  to  five,  a  result  formerly  obtained  by  Saussure,  and  lately 
confirmed  by  Dumas.    (An.  de  Ch.  et  de  Ph.  1.  238.) 

Henoe,  regarding  100  measures  of  naphtha  vapour  to  contain  600  meaaoree 
of  carbon  vapour  and  500  of  hydrogen  gas,  then  as 

Grains. 
600  cnbic  inches  of  carbon  vapour  weigh  .  .  78.4284 
500        .        .  hydrogen  gas  .        .        10.6835 

100        .        .  naphtha  vapour  should  weigh  .        89.1119 

A  vapour  so  constituted  should  have  a  density  of  2.8735,  which  accords 
closely  with  that  found  by  Saussure. 

Naphtha  occurs  in  some  parts  of  Italy,  and  on  the  hanks  of  the  Caspian 
sea :  the  specimen  examined  by  Saussure  was  from  Amiano  in  the  duchy  of 
Parma.  It  is  an  ingredient  of  the  dark  bituminous  liquid  called  petroleum, 
and  may  be  obtained  from  it  by  distillation.  Coal-tar  yields  by  distillation  a 
liquid  very  similar  to  mineral  naphtha,  and  to  all  appearance  identical  with 
it;  and  the  least  volatile  parts  of  the  oil-gas  liquor  (page  251)  appear  |p 
consist  principally  of  naphtha. 

NapfUhaline^ — ^Tbis  substance  is  one  of  the  products  of  the  destructive  dis- 
tillation of  coal,  and  is  contained  along  with,  naphtha  in  coal-tar.  On 
distilUng  this  matter  by  a  very  gentle  heat,  the  naphtha  passes  over ;  and 
afterwards  the  less  volatile  naphtlialine  rises  in  vapour,  and  condenses  as  a 
white  crystalline  solid  in  the  neck  of  the  retort  It  was  first  noticed  in 
1820  by  Mr,  Garden  of  Oxford-stroet,  and  afterwards  described  by  Dr. 
Kid  and  Mr,  Chamberlain.    (Annals  of  Phil.  xv.  74,  xix.  143,  and  xxii.  103.) 

Pure  naphthaline  is  heavier  than  water,  has  a  pungent  aromatic  taste,  and 
a  peculiar,  faintly  aromatic,  odour,  not  unlike  that  of  the  narcissus.  It  is 
smooth  and  unctuous  to  the  touch,  is  perfectly  white,  and  has  a  silvei^ 
lustre.  It  fuses  at  180^,  and  assumes  a  crystalline  texture  in  cooling.  It 
voktilizes  slowly  at  common  temperatures,  and  boils  at  410«»  F.,  crystal- 
lizing as  it  condenses  with  remarkable  facility  in  thin  transparent  lamme. 

Naphthaline  is  not  yery  readily  inflamed ;  but  when  set  on  fire  it  bums 
rapidly,  and  emits  a  large  quantity  of  smoke.  It  is  insoluble  in  cold,  and 
very  sparingly  dissolved  by  hot  water.  Its  proper  solvents  are  alcohol  and 
ether,  especially  the  latter :  its  solubility  is  increased  by  heat,  and  it  sepa- 
rates in  a  crystalline  state  by  cooling  or  evaporation.  It  is  also  soluble  in 
olive  oil,  spirit  of  turpentine,  and  naphtha.  To  test  paper,  it  manifests  nei- 
ther  aciditv  nor  alkalinity.  Alkalies  do  not  act  opon  it  The  acetic  and 
oxalic  acids  dissolve  it,  forming  pink-coloorcd  solutions;  hot  hydrochloric 
acid  dissolves  it  sparingly ;  and  when  boiled  with  nitric  acid,  the  naphthaline 
is  altered,  and  the  acid  decomposed.  With  sulphuric  acid  it  enters  into 
direct  combination,  forming  a  peculiar  acid,  the  ttdphanaphthalicj  discovered 
by  Mr.  Faraday.  (Phil.  Trans.  1826.) 

According  to  Dr.  Oppermann,  the  elements  of  naphthaline  are  in  the  ratio 
of  one  eq.  of  hydrogen  to  three  eq.  of  carbon,  (Pog.  Annalcn,  xxiii.  303,);  but 
from  the  experiments  on  sulphonaphthalic  acid  by  r  araday,  whose  results  have 
been  confirmed  by  Liebig  and  Wohler,  and  from  a  late  analysis  of  naphthaline 
hf  M.  Laurent,  it  consists  of  carbon  and  hydrogen  in  the  ratio  of  twenty  eq.  to 
eight  eq.,  or  of  t^n  to  four.    On  the  hypothesis  that  100  measm^s  of  n^ih- 
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thaline  Tapour  contain  1000  mwrares  of  carbon  vapour  and  400  of  hydrogen 
gn9y  then,  ainoe 

Grains. 

1000  cubic  inchea  of  carbon  vapour  weigh  130.7140 

400  hjdrogengaa  8.5468 

100  .        naphthaline  vapour  should  weigh        139.9608 

A  Tapour  bo  conatituted  would  have  a  density  of  4.4906;  whereas  the 
density  of  naphthaline,  as  found  experimentally  by  Dumas,  is  4.526,  thus 
confirming  the  foregoing  hypothesis. 

SulphonaphthaUe  Aeii. — This  acid  is  made  by  melting  naphthaline  with 
half  its  weight  of  strong  sulphuric  acid,  when  a  red-colourad  liquid  is  formed, 
which  becomes  a  crystalline  solid  in  cooling.  The  mass  ia  soluble  in  water, 
and  the  solution  containa  a  mixture  of  sulphuric  and  sulphonaphthalic  adds. 
On  neutralizing  with  carbonate  of  baryta,  the  insoluble  sulphate  subsides, 
while  the  soluble  aulphonaphthalate  remains  in  solution ;  and  on  decompos- 
ing this  salt  by  a  quantity  of  sulphuric  acid  precisely  sufficient  for 
precipitating  the  baryta,  pure  sulphonaphthalic  acid  is  obtained. 

The  aqueous  solution  of  the  acid,  aa  thus  formed,  reddens  litmus  paper 
powerfullv,  and  has  a  bitter  acid  taste.  On  concentrating  by  heat,  the 
liquid  at  last  acquires  a  brown  tint,  and  if  then  taken  from  3>e  fire  becomes 
sdid  as  it  cools.  If  the  concentration  is  effected  by  means  of  sulphuric  aeid 
in  an  exhausted  receiver,  the  acid  becomes  a  soft  white  solid,  apparentlv  dry, 
and  at  length  hard  and  brittle.  In  this  state  it  is  chemically  united  with 
water,  and  deliquesces  on  exposure  to  the  air;  but  in  close  vessels  it  under- 
goes no  change  during  several  months.  Its  taste,  besides  being  bitter  and 
sour,  leaves  a  metallic  flavour  like  that  of  cupreous  salts.  When  heated  in  a 
tube  at  temperatures  below  212^,  it  is  fused  without  undergoing  any  other 
change,  and  crystallizes  from  centres  in  cooling.  When  more  strongly 
heau3,  water  is  expelled  and  the  acid  appears  to  he  anhydrous ;  but  at  the 
same  time  it  acquires  a  red  tint,  and  a  larat  taste  of  free  sulphuric  acid  may 
be  detected,— circumstances  which  indicate  commencing  decomposition.  On 
raising  the  temperature  still  higher,  the  red  colour  first  deepens,  then  passes 
into  brown,  and  at  length  the  acid  is  resolved  into  naphthaline,  sulphurous 
acid,  and  charcoal ;  but  in  order  thus  to  decompose  all  the  acid,  a  red  heat  is 
requisite. 

Sulphonaphthalic  acid  is  readilv  soluble  in  water  and  alcohd,  and  is  also 
dissolved  by  oil  of  turpentine  and  olive  oil,  in  proportiona  dependent  on  the 
quantity  of  water  which  it  contains.  By  the  aid  of  heat  it  unites  with  naph- 
thaline. It  combines  with  alkdine  bases,  and  forms  neutral  salts,  which 
are  called  iulphonaphthaUOeM,  All  these  salts  are  soluble  in  water,  and  most 
of  them  in  alcohol,  and  when  exposed  to  heat  in  the  open  air,  take  fire, 
leaving  sulphates  or  sulphurets  according  to  circumstances. 

From  Mr.  Faraday's  analysis  of  the  neutral  sulphonaphthalate  of  baryta, 
it  appears  that  7&7  parts  or  one  equivalent  of  baryta  are  combined  with 
210.6  parti,  or  what  may  be  regarded  as  one  equivalent,  of  sulphonaphthalic 
acid.  These  210.6  parts  were  found  to  consist  nearly  of  80.2  parts  or  two 
eq.  of  sulphuric  acid,  122.4  parts  or  twenty  eq.  of  carbon,  and  8  parts  or 
eif^ht  eq.  of  hydrogen.  It  has  not  been  demonstrated  that  sulphuric  acid 
exists  as  such  is  the  compound,  nor  is  it  known  how  its  elements  are  ar- 
ranged ;  but  f¥om  some  interesting  facts  noticed  by  Mr.  Hennel  and  others, 
to  &  mentioned  in  the  section  on  ether,  it  appears  very  probable  that  sul- 
phonaphthalic acid  is  a  direct  compound  of  sulphuric  acid  and  naphthaline. 

Chloride  of  Naphthaline* — ^When  a  current  of  dry  chlorine  gaa  acts  at 
common  temperatures  on  naphthaline,  heat  is  emitted,  the  mass  fuses, 
hydrochloric  acid  gas  escapes,  and  at  length,  after  the  full  action  of  chlorine, 
a  semi-fluid  substance  is  left,  which  contains  two  chlorides,  one  solid  and 
the  other  liquid.  On  agitating  with  successive  porticos  of  cold  ether,  the 
latter  u  dissolved,  and  the  former  obtained  in  a  pure  atate. 
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The  tolid  cMoride  it  inBolable  in  water,  and  nearly  bo  in  hot  alcohol,  bat 
may  be  dissolved,  thougfh  not  freely,  b^  boiling  ether,  from  which  it  sepa- 
rates  on  cooling  in  transparent  rhomboidal  lamme  of  a  vitreoos  lustre.  At 
320^  it  fbses,  and  at  a  higjier  temperatare  boils  and  is  decomposed;  but 
cautiously  heated  in  a  current  of  air,  it  may  be  distilled  without  chan|^e. 
The  strong  adds  do  not  act  upon  it ;  nor  is  it  decomposed  by  a  solution  of 
pure  potassa  except  when  heated  with  it 

The  liquid  chloride  is  obtained  by  evaporating  its  ethereal  solution.  It 
has  the  aspect  of  an  oil,  is  of  a  light  yellow  colour,  and  sinks  in  water,  in 
which  it  is  insoluble.  Alcohol  readily  dissolves  it,  and  ether  still  more  free- 
ly. It  may  be  distiUed  without  decomposition,  and  sv^ers  little  from  the 
action  of  adds  and  alkalies. 

The  preceding  fiusts  were  observed  by  M.  Laurenli  (An.  de  Ch.  et  de 
Ph.  lii.  275.)  From  his  analysts  the  solid  chloride  consists  of  70.84  parts 
or  two  eq.  of  chlorine,  united  with  a  carburet  of  hydrogen  composed  of  61.2 
parts  or  ten  eq.  of  carbon,  and  3  'parts  or  three  eq.  of  hydrogen ;  as  express- 
ed by  the  formula  H*  Cio-{-Cl».  The  liquid  chloride  was  %nnd  to  contain 
35.42  parts  or  one  eq.  of  chlorine,  61.2  or  ten  eq.  of  carbon,  and  4  parts  or 
four  eq.  of  hydrogen,  being  the  ingredients  of  chloride  of  naphthaline,  of 
which  the  formula  is  H«C>o-{-Cl.  Some  doubt  may,  however,  be  entertain, 
ed  of  its  real  composition,  since  the  liquid  chloride  is  apt  to  ctintain  some  of 
the  solid  compound  in  solution. 

Paranaphthaline, — ^This  substance  is  so  called  from  ira^*  near  to,  because 
it  is  very  closely  allied  to  naphthaline  both  in  chemical  properties  and  com- 
position, is  associated  with  it  in  coal-tar,  and  obtained  by  the  same  process. 
Being  less  volaiile  than  naphthaline  it  comes  over  in  the  afWr  part  of  Uie 
distillation. 

Paranaphthaline  fuses  at  356^,  and  boils  at  a  heat  beyond  572^,  being 
partly  decomposed  at  the  same  rate.  It  is  insoluble  in  water,  and  nearly  so 
in  alcohol  and  ether.  Its  best  solvent  is  spirit  of  turpentine.  The  density 
of  its  vapour  is  6.741,  and  its  elements  are  in  the  same  ratio  as  in  naphtha- 
line ;  whence  it  is  thought  to  consist  of  1500  measures  of  carbon  vapour  and 
600  of  hydrogen  gas  condensed  into  100  measures.  A  vapour  so  constituted 
should  have  a  density  of  6.7359. 

These  facts  were  observed  by  Dumas  and  Laurent  (An.  de  Ch.  et  de  Ph. 
L  187.)  In  a  critique  on  Uieir  essay  Reichenbach  states  that  paranaphtha- 
line  was  obtained  some  years  ago  by  Vogel,  and  that  it  is  a  mixture  of  pa- 
raffine  and  naphthaline.    (Pog.  Annalen,  zxviii.  484.) 

Jdrialine, — ^This  substance  was  obtained  Inr  Dumas  from  a  mineral  from 
the  quicksilver  mines  at  Idria  in  Camiola,  whence  he  applied  to  it  the  name 
of  idrvdine.  In  its  properties  it  is  very  similar  to  paranaphthaline,  but  is 
less  (risible  and  less  volatile.  In  order  to  sublime  it  unchanged,  it  must  be 
heated  in  a  current  of  carbonic  acid  gas.  It  is  insoluble  in  water,  and  very 
sparingly  soluble  in  alcohol  and  ether;  but  boiling  spirit  of  turpentine  takes 
it  up  and  depoeiles  it  again  rapidly  as  it  cools.  Hot  sulphuric  acid  dissolves 
It,  and  acquires  at  the  same  time  a  beautiful  blue  tint,  like  sulphate  of  in- 
digo,  an  appearance  which  is  characteristic  of  idrialine.  Respecting  its 
composition  nothing  fiurtber  is  known  than  that  it  consuts  of  carbon  and 
hydrogen  in  the  ratio  of  three  eq.  of  the  former  to  one  eq.  of  the  latter.  (An. 
de  Ch.  et  de  Ph.  1. 193.) 

Camphene, — ^From  late  researches  by  Dumas,  it  appears  that  several  of 
the  volatile  oils  consist  essentially  of  compounds  of  carbon  and  hydrogen, 
which  are  capable,  like  cyanogen,  of  uniting  successively  with  other  sub- 
stances, without  undergoing  any  change  in  their  own  constitution.  The 
compound  which  he  has  prindpally  examined  is  the  basis  of  camphor,  hence 
called  campkogen  or  eamphene^  which  appears  to  exist  in  turpentine.  From 
A  sample  of  turpentine  believed  to  have  been  brought  from  Savoy  or  Switxer- 
land,  Dumas  distilled  off  an  essence  or  volatile  oil,  which  he  supposes  to  be 
eamphene  in  a  state  of  poritv ;  it  is,  in  fact,  a  very  pure  essenoe  of  turpen- 
tine,  colourless,  lim^d,  volatile,  inflammable,  and  possessed  of  the  character- 
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ktie  odour  of  that  liquid.  Its  boiling  point  it  313°  F.  From  the  deniity  of 
its  vapour  and  the  ratio  of  its  elements,  Dumas  infers  that  100  measures  ef 
camphene  vapour  contain  1000  measures  of  carbon  vapour  and  dOO  of  hydro- 
gen gas ;  so  that  since 

Grains. 

lOOOcobieincbesofcarbon  vapour  weigh  130.7140 

800        do.  hydrogen  gas    ....  17.0936 

100  cubic  inches  of  camphene  vapour  should  weigh         147.8076 

The  weighta  130.7140  and  17.0936  are  in  the  ratio  of  61^  parts  or  ten  eq. 
of  carbon,  to  8  parts  or  eight  eq.  of  hydrogen,  as  indicated  by  the  formula 
H>  Cif".  The  densily  of  its  vapour  should  be  10  X  0.4215  or  4i215  +  8  X 
0.0689  or  0.5512ss47662,  which  agrees  with  observation. 

Camphene  unites  with  oxygen  in  two  proportions,  and  gives  rise  to  camphor 
and  camphoric  acid ;  and  wiUi  hydrochloric  acid  it  yiel&  a  perfectly  neutral 
compound  called  artificial  camphor.  These  compounds,  which  will  be  de- 
scribed hereaAer,  are  thus  constituted:   (An.  de  Ch.  et  de  Ph.  L  225.) 

Camphene.  Equiv.     Formuls. 

Camphor       .        69.2  1  eq.+ Oxygen    8       leq.=  77.2    HsCio+O 
Camphoric  acid    138.4  2  eq.+    ditto     40       5eq.=178.4    2H8C104.5O 
Artificial  camphor  69.2  1  eq^- Hyd.  ac.  36.42  leq.ssl05.62  HaCto-l-HCl. 

Citrene. — ^This  substance  is  so  called  from  being  the  essential  and  almost 
sole  ingredient  of  the  volatile  oil  of  lemons.  Its  elements  are  in  exactly 
the  same  ratio  as  in  camphene,  but  are  one-half  less  condensed ;  so  that  it 
may  be  viewed  as  a  compound  of  four  oq.  of  hydrogen  to  five  eq.  of  carbon, 
indicated  by  the  formula  H«C«. 

Coal  and  Oil  GoB.—The  nature  of  the  inflammable  gases  derived  from 
the  destructive  distillation  of  coal  and  oil  was  first  ascertained  by  Dr. 
Henry,*  who  showed,  in  several  elaborate  and  aUe  essays,  that  these  gaseous 
productB  do  not  differ  essentially  firora  each  other,  but  consist  of  a  few  well- 
known  compounds,  mixed  in  different  and  very  variable  proportions.  The 
chief  constituents  were  found  to  be  light  carburetted  hydrogen  and  oiefiant 
gases ;  but  besides  these  ingredients,  they  contain  an  inflammable  vapour, 
xree  hydrogen,  carbonic  acid,  carbonic  oxide,,and  nitrogen  gases.  The  dis- 
coveries of  Mr.  Faraday  have  elucidated  the  subject  stUl  fiirther,  by  proving 
that  there  exists  in  oil  gas,  and  by  inference  in  coal  gas  also,  tho  vapour  of 
several  definite  compounds  of  carbon  and  hydrogen,  the  presence  ^  which, 
for  the  purposes  of  illumination,  is  exceedingly  important 

The  illuminating  power  of  the  ingredients  of  coal  and  oil  fna  is  very  un- 
equal. Thus  the  carbonic  oxide  and  carbonic  acid  are  positively  hurtful ; 
that  is,  the  other  gases  would  give  more  light  without  them.  The  nitrogen 
of  course  can  be  of  no  service.  The  hydrogen  is  actually  prejudicial;  be- 
cause,  though  it  evolves  a  large  quantity  of  heat  in  burning,  it  emits  an  ex- 
ceedingly feeble  light.  The  carburets  of  hvdrogen  are  the  real  illuminating 
agents,  and  the  degree  of  light  emitted  by  tlicse  is  dependent  on  the  quantity 
of  carbon  which  they  contain.  Thus  oiefiant  gas  illuminates  much  more 
powerfully  than  light  carburetted  hydrogen ;  and  for  the  same  reason,  the 
dense  vapour  of  etherine  emits  a  far  greater  quantity  of  light,  fer  equal 
volumes,  than  oiefiant  gas. 

From  these  facts,  it  is  obvious  tliat  the  comparative  illuminating  power  of 
different  kinds  of  coal  and  oil  gas  may  be  estimated,  approximatelr  at 
least,  by  determining  the  relative  quantities  of  the  denser  carburets  of  by- 
drogcn  which  enter  into  their  composition.  This  may  be  done  in  three 
ways.  1.  By  their  specific  gravity.  2.  By  the  relative  quantities  of  oxygen 
required  fer  their  complete  combustion.    3.  By  the  relative  quantity  of 

f . 

*  Nicholson*s  Journal  of  1805.      Phil.  Trans,  1808,  and  1821* 
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Ifaaeous  matter  oondenslbie  by  chlorine  in  the  dark;  for  chlorine,  when  light 
u  excluded,  condenses  all  the  hydrocarbureU,  exoeptinf  light  carburetted 
hydrogen.    Of  these  methods,  the  last  is,  I  conceive,  me  least  exception- 

The  formation  of  coal  and  oil  gas  is  a  process  of  considerable  delicacy. 
Coal  gas  is  prepared  by  heating  coal  to  redness  in  iron  retorts.  The  quality 
of  the  gas,  as  made  at  diflferent  places,  or  at  the  same  place  at  different 
times,  is  very  variable^  the  specific  gravity  of  some  specimens  having  been 
jbond  as  low  as  0.42,  and  that  of  others  as  high  as  0.700.  These  differences 
arise  in  part  from  the  nature  of  the  coal,  and  partly  from  the  mode  in  which 
the  process  is  conducted.  The  regulation  of  the  degree  of  heat  is  the  chief 
circumstance  in  the  mode  of  operating,  by  which  the  quality  of  the  ras  is 
affected.  That  its  quality  may  be  influenced  from  this  cause  is  obvious 
from  the  fact,  that  all  the  dense  hydrocarburets  are  resolved  by  a  strong  red 
heat  either  into  charcoal  .and  light  carburetted  hydrogen,  or  into  chu'ccml 
and  hvdrogen  gas.  Consequently  the  gas  made  at  a  very  high  temperature, 
thoa^h  itB  quantity  may  be  comparatively  great,  has  a  low  specific  gravity, 
and  illuminates  ieebly.  It  is,  therefore,  an  object  of  importance  that  the 
temperature  should  not  be  greater  than  is  re(||uired  for  decomposing  the  coal 
effectually,  and  that  the  retorts  be  so  contrived  as  to  prevent  the  gas  frou^ 
passing  over  a  red-hot  surface  subsequently  to  its  formation. 

These  remarks  apply  with  still  greater  force  to  the  manufiictore  of  oil 
ffas;  because  oil  is  capable  of  yielding  a  much  larger  quantity  of  the  heavy 
cydrocarburets  than  couL  The  quality  of  oil  gas  from  the  ssme  material  is 
liable  to  such  great  variation  from  the  mode  of  manufiusture,  that  the  den- 
sity of  some  specimens  has  been  found  as  low  as  0.464,  and  that  of  others 
as  high  as  1.110.  The  average  specific  gravity  of  oil  gas  is  0.900,  and  it 
shouU  never  be  made  higher.  The  interest  of  the  manufacturer  is  to  form  as 
much  olefiant  gas  as  possible,  with  only  a  small  proportion  of  the  heavier 
hydrocarburets.  If  the  latter  predominate,  the  quantity  of  gas  derived  from 
a  given  weight  of  oil  is  greatly  diminished;  and  a  subsequent  loss  is  expe- 
rienced by  ue  condensation  of  the  inflammable  vapours  when  the  gas  is 
compressed,  or  while  it  is  circulating  through  the  distributing  tubes. 

Coal  gas,  when  first  prepared,  always  contains  hydrosulphuric  add,  and 
lor  this  reason  must  be  purified  before  being  distributed  for  burning.  The 
process  of  purification  consists  in  passing  the  gas  under  strong  pressure 
through  milk  of  lime,  or  causing  it  to  descend  tl^ough  successive  layers  of 
4lry  hydrate  of  lime.  The  latter  method  has  this  advahta^  over  the  former, 
that  while  it  deprives  the  gas  completely  of  hydrosulphuric  acid,  there  is  no 
loss  from  absorption  of  olefiant  gas  or  the  heavy  hydrocarburets,  as  ensues 
when  milk  of  lime  is  employed.  But  coal  gas,  alter  heme  thus  purified,  still 
retains  some  compound  of  sulphur,  most  probably,  as  Mr.  Brande  conjec- 
tures, suiphuret  of  carbon,  owing  to  the  presence  of  which  a  minute  quan- 
tity of  sulphurous  acid  is  generated  during  its  combustion.  Oil  gas,  on  the 
contrary,  needs  no  purification;  and  as  it  is  free  from  all  compounds  of  sul- 
phur, it  does  not  yield  any  sulphurous  acid  in  burning,  and  is,  therefore, 
better  fitted  for  Ijgoting  dwelling-houses  than  coal  gas. 

With  respect  to  the  relative  economy  of  the  two  gases,  I  may  observe 
that  the  illuminating  power  of  oil  ffas,  of  specific  gravity  OJOO,  is  about 
double  that  of  coal  gas  of  0.600.  In  coal  districti^  however,  oil  gas  is 
frilly  three  times  the  price  of  coal  gas,  and,  therefore,  in  such  situations,  the 
latter  is  considerably  cheaper.  (E^9say  above  ouoted.) 

A  successful  attempt  has  been  made  by  Mr.  Daniell  to  procure  a  gas, 
similar  to  that  from  oil  in  being  free  from  sulphur,  but  made  with  cheaper 
materials.    The  substance  employed  for  this  purpose  is  a  solution  of  com- 

*  For  a  discussion  of  this  and  other  questions  relative  to  oil  and  coal  £as, 
the  reader  may  consult  an  essay  by  Dr.  Cbristison  and  myself  in  the  Edin- 
burgh Fhiloeophical  Journal  of  1&. 
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mon  resin  in  oil  of  turpentine.  The  oombustiUe  liquid  is  made  to  drop  into 
red-hot  retorts  in  the  same  manner  as  oil ;  and  the  oil  of  tarpentine,  which 
irom  its  volatility  is  driven  off  in.  vapour,  is  collected,  and  again  used  as  a 
menstruum.  For  this  process  Mr.  Daniell  has  taken  out  a  patent,  and  the 
fas  so  prepared  is  employed  for  filling  portable  lamps.  The  eas,  v^hen  pro- 
perly made,  is  said  to  be  of  a  very  superior  quality,  and  nearly  if  not  quite 
equal  to  oil  ^as.  A  patent  has  also  been  taken  for  the  formation  of  gas  from 
a  volatile  oil,  prepared  during  the  destructive  distillation  of  resin,  and  a 
manu&ctore  both  of  the  oil  and  g^s  is  established  at  Hammersmith,  near 
London. 


SECTION   III. 

COMPOUNDS  OF  HYDROGEN  AND  SULPHUR. 

SuLFHUR  unites  with  hydro^n  in  at  least  two  proportions,  and  the  resolU 
ing  compounds  are  tlius  constituted : — 

Hydrogen.    Sulphur.        Equiv.    Formulas. 
Hydrosulphuric  acid  1     leq.-f-lG.!     leq.s=17.1   H+S  or  HS. 

Fersnlpburet  of  hydrogen        1    1  eq.-f-  32.2    2  eq.=33ij  H+2S  or  HS«. 

Hydrosulphuric  Acid. — ^This  compound  is  also  known  under  the  name  of 
sulphuretted  hydro^n.  The  best  method  of  preparing  it,  is  by  heating  ses- 
quisulphuret  of  antimony  in  a  retort,  or  other  convenient  glass  vessel,  with 
rour  or  five  times  its  weight  of  strong  hydrochloric  acid;  when,  by  an  inter- 
diange  of  elements,  sesquichloride  of  antimony  and  hydrosulphuric  acid  are 
generated,  the  latter  of  which  escapes  with  effervescence.  The  elements  con- 
cerned before  and  afler  the  change,  are 

1  eq.  sesquisulphuret  of  antimony  and  3  eq.  hydrochloric  acid 
2Sb-f3S  3(H+C1) 

which  yield 

3  eq.  hydrosulphuric  acid  and  1  eq.  sesquichloride  of  antimony. 
3(H+S)  2Sb-f3Cl. 

It  may  also  be  formed  by  the  action  of  sulphuric  acid  diluted  with  3  or  4 
parts  of  water  on  protosulphuret  of  iron :  this  sulpburet  and  water  inter- 
change elements,  hydrosulphuric  acid  and  protoxide  of  iron  are  generated, 
and  the  latter  unites  with  sulphuric  acid,  while  the  former  in  the  state  of  gas 
is  rapidly  disengaged.  Hydrochloric  acid  may  be  substituted  for  the  sul- 
phuric. A  sulphuret  of  iron  may  be  procured  for  the  purpose,  either  by  ig- 
niting common  iron  pyrites,  by  which  means  nearly  half  of  its  sulphur  is 
cxpefled,  or  by  exposing  to  a  low  red  heat  a  mixture  of  two  parts  of  iron 
filings  and  rather  more  than  one  part  of  sulphur.  The  materials 'should  be 
placed  in  a  common  earthen  or  cast-iron  crucible,  and  be  protected  as  much 
as  possible  from  the  air  during  the  process.  The  sulphuret  procured  from 
iron  filings  and  sulphur  always  contains  some  uncombined  iron,  and,  there- 
fore, the  gas  obtained  from  it  is  never  quite  pure,  being  mixed  with  a  little 
free  hydrogen.    This,  however,  for  many  purposes,  is  immaterial. 

Hydrosulphuric  acid  is  a  colourless  gas,  which  reddens  moist  litmus  pa- 
per feebly,  and  is  distinguished  from  all  other  gaseous  substances  by  its 
offensive  taste  and  odour,  which  is  similar  to  that  of  putrefying  eggs,  or  the 
water  of  sulphurous  springs.  Under  a  pressure  of  17  atmos^eres,  at  50^,  it 
is  compressed  into  a  limpid  liquid,  which  resumes  the  gaseous  state  as  soon 
as  the  pressure  is  removed.  To  animal  life  it  is  very  injurious.  According 
to  Dupuytren  and  Thcnard,  the  presence  of  l-1500th  of  this  gas  is  instantly 
fktal  to  a  small  bird ;  1-1 000th  killed  a  middle-sized  dog ;  and  a  horse  died 
in  an  atmosphere  which  contained  l-350th  of  its  volume. 
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Hydromlphuric  acid  eitinguuhes  all  burning  bodies ;  but  the  gas  takes 
fire  when  a  lighted  candle  is  immersed  in  it,  and  bums  with  a  pale  blue  flame. 
Water  and  supfauroos  acid  are  the  products  of  its  combustion,  and  sulj^ur 
b  deposited.  With  o.\ygen  gas  it  forms  a  mixture  which  detonates  by  the 
appUcation  of  flame  or  the  electric  spark :  if  100  measures  of  it  are  exploded 
with  150  of  oxygen,  the  former  is  completely  consumed,  the  oxygen  disap. 
pears,  water  is  deposited,  and  100  measures  of  sulphurous  acid  gas  remain. 
(Dr.  Thomson.)  From  the  result  of  this  experiment,  the  composition  of  hy. 
drosnlphnric  acid  gas  may  be  inferred ;  for  it  is  clear,  from  the  composition 
of  sulphurous  acid,  (page  193,)  that  two-thirds  of  the  oxygen  must  have 
combined  with  sulj^ur ;  and,  therefore,  that  the  remaining  one-third  contri- 
buted to  the  formation  of  water.  Consequently,  hydrosulphuric  acid  contains 
its  own  Tolnme  of  hydrogen  gas,  and  16.66  of  the  vapour  of  sulphur ;  and 
since 

Grains. 

16.66  cubic  inches  of  the  vapour  of  sulphur  weigh  34.4012 

100      cubic  inches  of  hydrogen  gas  weigh    .        .  2.1367 

100     cubic  inches  of  bydrosulph.  acid  gas  must  weigh         36.5379 

The  sp.  gravity  of  a  gas  so  constituted  should  be  1.1782,  which  agrees 
with  observation ;  and  its  elements  are  in  the  ratio  of  1  to  16.1  as  already 
mentioned. 

The  accura^  of  this  view  is  confirmed  by  several  circumstances.  Thus, 
according  to  Gay-Lussac  and  Thenard,  the  weight  of  100  cubic  inches  of 
hydrosulphuric  acid  gas  is  36.33  grains.  When  sulphur  is  heated  in  hy. 
drogren  gas^  hydrosulphuric  acid  is  generated  without  any  change  of  volume. 
On  Igniting  platinum  wires  in  it  by  means  of  the  voltaic  apparatus,  sulphur 
is  deposited,  and  an  equal  volume  of  pure  hydrogen  remains ;  and  a  similar 
effect  is  produced,  though  more  slowly,  by  a  succession  of  electric  sparks. 
(Elements  of  Sir  H.  Davy,  p.  282.)  GrayXussac  and  Thenard  found  that  on 
heating  tin  in  hydrosulphuric  acid  gas,  sulphuret  of  tin  is  formed ;  and 
when  potassium  is  heated  in  it,  vivid  combustion  ensues,  with  formation  of 
sulphuret  of  potassium.  In  both  cases,  pure  hydrogen  is  left,  which  occupies 
precisely  the  same  space  as  the  gas  from  which  it  was  derived.  (Rechcrches 
PbysiccCChimiqucs,  vol.  i.) 

The  salts  of  hydrosulphuric  acid  are  called  hydrotvlphateSf  and  sometimes 
hydrosulpkttrets.  This  acid,  however,  rarely  unites  directly  with  metallic 
oxides ;  but  in  most  cases  its  hydrogen  combines  with  the  oxygen  of  the 
oxide,  and  its  sulphur  with  the  metal.  All  the  hydrosulphates  which  do  exist 
are  decomposed  by  sulphuric  or  hydrochloric  acid,  and  hydrosulphuric  acid 
gas  is  disengaged  with  effervescence. 

Recently  boiled  water  absorbs  its  own  volume  of  hydrosulphuric  acid,  be- 
comes thereby  feebly  acid,  and  acquires  the  peculiar  odour  and  taste  of  sul- 
phurous springs.  The  gas  is  expelled  without  change  by  boiling  the 
water. 

The  elements  of  hydrosulphuric  acid  may  easily  be  separated  from  one 
another.  A  solution  of  tlie  gas  cannot  be  preserved  in  an  open  vessel,  be- 
cause its  hydrogen  unites  with  tlie  oxygen  of  the  atmosphere,  and  sulphur 
is  deposited.  When  mixed  with  sulphurous  acid,  both  compounds  are  de- 
composed, water  is  generated  and  sulphur  set  free.  On  pouring  into  a 
bottle  of  the  gas  a  little  fuming  nitric  acid,  mutual  decomposition  ensues,  a 
bluish-white  flame  frequently  appears,  sulphur  and  nitrous  acid  fumes  come 
into  view,  and  water  is  generated.  Chlorine,  iodine,  and  bromine  decom- 
pose it,  with  separation  ofsulphur,  and  formation  of  hydrochloric,  hjdriodic, 
and  hydrobromic  acids.  An  atmosphere  charged  with  hydrosulphuric  acid 
gas  may  be  purified  by  means  of  chlorine  in  the  space  of  a  few  minutes. 

Hydrosulphuric  acid  gas  is  readily  distinguished  from  other  gases  by  its 
odour,  by  tarnishing  silver  with  which  it  forms  a  sulphuret,  and  by  the  cha- 


S60  COMPOUNDS  OF  HYDEOOKN  AND  8ULPB0B. 

raeter  of  the  precipitate  which  it  produces  with  solatioiu  of  arsenioiu  acid, 
tartar  emetic,  and  salts  of  lead. 

The  most  delicate  test  of  its  presence,  when  disused  in  the  air,  is  moist 
carbonate  of  oxide  of  lead  spread  on  white  paper. 

Peraulpkuret  of  Hydrogen, — ^Though  Scheele  discovered  this  compound, 
it  was  first  speciallj  described  by  Berthollet  (An.  de  Chimie,  zzt.)  When 
protosulphuret  of  potassium  (or  of  any  metal  of  the  alkalies  and  alkaline 
earths)  is  mixed  in  solution  with  sulphuric  acid,  the  oxygen  of  water  unites 
with  potassium  and  its  hydrogen  with  sulphur,  just  as  when  protosulphuret 
of  iron  is  employed,  hydrosulphuric  acid  and  sulphate  of  potassa  being  gene- 
rated :  the  elements  K  -f-  ^  ^nd  H  -f-  O  mutuadly  interchange,  and  yield 
K  -(-  O  and  H  -f-  S.  If  the  potassium  be  combined- with  two  or  more  equi- 
valents of  sulphur  as  in  the  so  called  liver  of  ttdphur  made  by  fusing  carbo- 
nate of  potassa  with  half  of  its  weight  of  sulphur,  then  one  of  two  events  will 
happen,  the  hydrogen  of  the  decomposed  water  will  either  unite  with  one  eq. 
of  sulphur  and  form  hydrosulphuric  acid,  the  superfluous  sulphur  subsiding  in 
the  form  of  a  gray  hydrate,  or  with  two  eq.  of  sulphur,  and  give  rise  to  pexvul- 
phuret  of  hydrogen.  Now  the  former  of  these  changes  always  occurs  when 
the  acid  is  added  to  the  persulphuret  of  potassium ;  and  the  latter  takes  place 
when  a  concentrated  solution  of  that  sulphuret  is  added  by  little  and  little  to 
the  acid,  provided  the  acid  is  in  considerable  excess,  and  the  mixture  well 
stirred  after  each  addition.  The  same  phenomena  ensue  when  hydrochloric 
instead  of  sulphuric  acid  is  employed :  but  then  there  are  two  sources  fVom 
which  hydroeen  may  be  supplied.  It  may  be  derived,  as  above,  from  deoom- 
posed  water,  hydrochlorate  of  potassa  bem^  gener^ed;  or  hydrochloric  acid 
itself  may  be  decomposed,  its  hydrogen  uniting  with  sulphur  and  its  chlorine 
with  potassium.  On  all  such  occasions  I  adopt  the  latter  view,  and  will  give 
reasons  for  doing  so  in  the  section  introductory  to  the  study  of  the  metus. 

Such  are  the  principles  to  be  attended  to  m  preparing  persulphuret  of 
hydrogen.  In  practice  it  is  conveniently  made  by  boiling  equal  parts  of  re- 
cently slaked  lime  and  flowers  of  sulpur  with  5  or  6  parts  of  water  fof  half 
an  hour,  when  a  deep  orange-yellow  solution  is  formed,  which  contains  per- 
sulphuret of  calcium.  Let  this  liquid  be  filtered,  and  gradually  added  cold 
to  an  excess  of  hydrochloric  acid  diluted  with  about  twice  its  weight  <^  water, 
briskly  stirring.  A  copious  deposite  of  hydrated  sulphur  falls  (the  Sulphur 
PriBcipitatum  of  the  London  Pharmacopoeia),  and  persulphuret  o£  hydrogen 
gradually  subsides  in  the  form  of  a  yellowish  semi-fluid  matter  like  oil.  The 
change  which  ensues  in  the  formation  of  the  yellow  solution  may  be  theo- 
retically represented  thus : — 

8  eq.  lime  ft  6  eq.  sulphur  S    1  eq.  hyposnlpli.  acid  &  8  eq.  bisalpharet  eaktuin. 
2(Ca+0)        6S  ^  284-2(5  2(Ca+2S). 

The  hyposulphurous  acid  exists  in  solution  united  with  lime,  and  is  deoom. 
posed  when  hydrochloric  acid  is  added,  resolving  itself  into  sulphurous  acid 
and  sulphur  (page  197),  a  change  not  essentially  connected  with  the  produc- 
tion of  persulphuret  of  hydrogen,  but  resulting  from  the  mode  of  preparing 
the  persulphuret  of  calcium.  It  is  probable  that  the  calcium  is  combined 
with  more  than  two  eq  of  sulphur,  and  that  the  deposited  sulphur  Lb  derived 
from  that  source  as  well  as  from  decomposed  hyposulphurous  acid. 

From  the  &cility  with  which  tliis  substance  resolves  itself  into  sulphur 
and  hydrosulphuric  acid,  its  history  is  imperfect :  indeed  we  are  indebted  to 
a  recent  essay  by  Thcnard  for  the  princiiwl  facts  which  are  known.  (An, 
de  Ch.  et  de  Ph.  xlviii.  79.)  At  common  temperatures  it  is  a  viscid  liquid 
of  a  yellow  colour,  with  a  density  of  about  1.769,  and  a  consistence  varying 
between  that  of  a  volatile  and  fixed  oil.  It  has  the  peculiar  odour  and  taste 
of  hydrosulphuric  acid,  though  in  a  less  degree.  Its  elements  are  so  feebly 
united,  that  in  the  cold  it  gradually  resolves  itself  into  sulphur  and  hydrosol. 
phuric  acid,  and  suffers  the  same  change  instantly  by  a  heat  considerably  short 
of  212^  F.    Decomposition  is  also  produced  by  the  contact  of  mo«t  substances, 
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especiaUv  of  metals,  metallic  oxides,  even  the  alkalies,  aftid  metallic  sulpburets. 
Thus  e£(erTesoence  from  the  escape  of  hydrosolphuric  acid  fas  is  produced  by 
peroxide  of  manganese,  silica,  the  alkaline  earths  in  powder,  and  solutions^ 
of  potassa  or  soda;  and  the  oxides  of  ^Id  and  silver  are  reduced  by  it  with' 
such  energy,  that  they  are  rendered  mcandescent  It  is  remarkable  that 
the  substance  which  causes  the  decomposition,  often  undergoes  no  chemi- 
cal change  whatever.  In  these  respects  persulphuret  of  hydrogen  bears  a 
close  anuogy  to  peroxide  of  hydrcwen,  ana  Thenard  has  traced  other  points 
of  resemblance.  They  are  both,  Sa  instanee,  rendered  more  stable  by  the 
presence  of  acids;  they  both  whiten  the  toogae  and  skin  when  applied  to 
tbem,  and  they  are  both  possessed  of  bleaching  properties. 

The  composition  of  persulphuret  of  hydrogen  has  been  variously  stated. 
According  to  Dalton  it  is  a  bisulphnret,  consisting  of  two  equivalents  of  sul* 
pfauT,  and  one  of  hydrogen;  and  this  view  of  its  composition  is  corroborated 
by  Sir  John  HerschePs  analvsis  of  persulphuret  of  calcium.  (Edin.  Phil. 
Journal,  i.  13.)  But  Thenara  found  its  constituents  to  vary ;  whence  it  is 
probable  that  hydrogen  is  capable  of  uniting  with  sulphur  in  several  propor- 
tions. 

Persulphuret  of  hydrogen  is  sometimes  regarded  as  an  acid ;  and  on  this 
supposition  it  ma^  be  termed  hydropermlpkuric  acid^  and  its  salts  hydroper" 
iulphaies.  This  view  is  founded  on  the  hypothesis,  that  the  solutions  formed 
by  boiling  lime  or  au  alkali  with  sulphur  contain  hyposulphite  and  hydro- 
persulphate  of  lime,  the  hydrogen  in  the  one  acid  and  oxygen  in  the  other 
being  attributed  to  decomposed  water,  and  not  hyposulphite  of  lime  and  per* 
Bolphuret  of  calcium  as  I  have  supposed.  The  latter  view  is  more  consistent 
with  the  &ct  that  persulphuret  of  hydrogen  in  its  free  state  has  no  acidity, 
and  exhibits  no  tendency  to  unite  with  alkalies. 


SECTION  IV. 

HYDROGEN  AND  SELENIUM.— HYDROSELENIC  ACID. 

Seleniom,  like  sulphur,  forms  a  gaseous  compound  with  hydrogen,  which 
has  distinct  acid  properties,  and  is  termed  Beleniuretted  hydrogen,  or  hydro^ 
seUnie  acid.  This  gas  is  disen^^aged  by  the  action  of  dilute  sulphuric  or  hy- 
drochloric  acid  on  a  protoseleniuret  of  any  of  the  more  oxidable  metals,  such 
as  potassium,  calcium,  manganese,  or  iron,  the  explanation  being  the  same  as 
in  the  formation  of  hydrosulphuric  acid  from  protosolphuret  of  iron. 

Hydroseleqic  acid  gas  is  colourless.  Its  odour  is  at  first  similar  to  that 
of  hydrosulphuric  acid ;  but  it  afterwards  irritates  the  lining  membrane  of 
the  nose  powerfblly,  excites  catarrhal  symptoms,  and  destroys  for  some 
hours  the  sense  of  smelling.  It  is  absorbed  freely  by  water,  forming  a  co- 
lourless solution,  which  reddens  litmus  paper,  and  gives  a  brown  stain  to 
the  skin.  The  acid  is  soon  decomposed  by  exposure  to  the  atmosphere ;  for 
the  oxygen  of  the  air  unites  with  the  hydrogen  of  the  hydroselenic  acid,  and 
selenium,  in  the  form  of  a  red  powder,  subsides.  It  is  decomposed  by  nitric 
acid  and  chlorine  in  the  same  manner  as  hydrosulphuric  acid ;  and  like  that 
gas  it  decomposes  many  metallic  salts,  the  hydrogen  of  the  acid  combining 
with  the  oxygen  of  the  oxide,  while  an  insoluble  seleniuret  of  the  metal  is 
generated. 

According  to  the  analysis  of  Berzelius,  hydroselenic  acid  consists  of  39.6 
parts  or  one  eo.  of  selenium,  and  1  part  or  one  eq.  of  hydrogen;  so  that  its 
equivalent  is  40.6,  and  its  formula  H  +  Se  or  HSe. 
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SECTION   V. 


CX)MPOUNDS  OF  HYDROGEN  AND  PHOSPHORUS. 

Most  chemiits  admit  the  existence  of  two  compounds  of  phosphorus  and 
hydrogen,  the  phosphuretted  and  perphosphuretteid  hydrogen,  the  constitu- 
tion and  properties  of  which  have  of  late  been  closely  studied  by  Dumas, 
BuS;  and  Rose.  (An.  de  Ch.  et  de  Ph.  zxxi.  1 13,  xli.  220,  and  U.  5.)  Much 
uncertainty  exists  respecting  the  composition  of  the  bitter ;  but  there  is 
strong  concurrent  testimony  to  prove  that  phosphuretted  hydrogen  consists 
of  31.4  parts  or  two  equivalents  of  phosphorus,  and  3  parts  or  three  eq. 
of  hydrogen.  Its  equivalent  should,  therefore,  be  34.4,  and  its  formula 
3H4-2P,orH3pa. 

^  Phoi^uretted  Hydrogen, — ^This  gas,  which  was  discovered  in  1812  by 
Sir  H.  Davy,  is  colourless,  and  has  a  disagreeable  odour,  somewhat  like  that 
of  garlic  Water  absorbs  about  ono^ighth  of  its  volume.  It  does  not  take 
fire  spontaneously,  as  perphosphuretted  hydrogen  does,  when  mixed  with 
sir  or  oxygen  at  common  temperatures ;  but  the  mixture  detonates  with  the 
electric  spark,  or  at  a  temperatura  of  300^  F.  Even  diminished  pressure 
causes  an  explosion ;  an  effect  which,  in  operating  with  a  mercurial  trough, 
is  produced  simply  by  raising  the  tube,  so  that  the  level  of  the  mercury 
within  may  be  a  few  mches  higher  than  at  the  outside.  Admitted  into  a  ves- 
sel of  chlorine  it  inflames  instantly,  and  omits  a  white  light,  a  property 
which  it  possesses  in  common  with  perphosphuretted  hydrc^en.  Its  specific 
gravity  was  found  b^  Dumas  to  be  ]i214,  and  by  Rose  1.154. 

Davyprepared  this  gas  by  heating  hydrated  phosphorous  acid  in  a  retort 
(pa^  ^1);  and  it  is  also  evolved  from  hydrous  hypophosphorous  acid  by 
similar  treatment  It  is  also  formed,  according  to  Dumas,  by  the  action  of 
strong  hydrochloric  acid  on  phosphuret  of  calcium ;  and  likewise  by  the 
spontaneous  decomposition  of  perphosphuretted  hydrogen. 

Phosphuretted  hydrogen  frequently  contains  free  hydro^n  gas,  especially 
when  a  strong  heat  is  used  in  its  preparation,  an  impurity  which  may  be 
detected  by  agitation  with  a  cold  saturated  solution  of  sulphate  of  oxide  of 
copper.  This  substance  has  the  property  of  absorbing  both  of  the  compounds 
of  phosphorus  and  hydrogen  entirely,  with  production  of  phosphuret  of  cop- 
per, while  the  free  hydrogen  gas  remains. 

Dumas  ascertained  the  composition  of  phosphuretted  hydrogen  by  in- 
troducing into  a  tube  containing  the  gas  a  fragment  of  bichloride  of  mer- 
cury, applying  beat  so  as  to  convert  it  into  vapour.  Mutual  decomposition 
instantly  took  place :  phosphuret  of  mercury  and  hydrochloric  acid  were 
generated  ;  and  100  measures  of  gas,  thus  decomposed,  yielded  300  measures 
of  hydrochloric  acid  gas,  corresponding  to  150  of  hydrogen.  The  quantity 
of  hydrogen  contained  in  any  given  volume  of  phosphuretted  hydrogen  is 
thus  found ;  and  the  weight  of  the  former  deducted  from  that  of  the  latter 
gives  the  quantity  of  combined  phosphorus.  This  inference  is  conformable 
to  the  quantity  of  oxygen  required  for  the  combustion  of  phosphuretted  hy- 
drogen. Dr.  Thomson  affirms  that  when  this  gas  is  detonated  with  1.5  of  its 
volume  of  oxygen  gas,  the  only  products  are  water  and  phosphorous  acid ; 
but  that  when  the  oxygen  is  in  considerable  excess,  two  volumes  disappear 
for  one  of  the  compound,  and'  water  and  phosphoric  acid  are  generated. 
Now  the  hydrogen  contained  in  one  volume  of  phosphuretted  hydrogen  is 
equal  to  1.5,  and  it  unites  with  0.75  of  oxygen.  Hence  if  0.75,  or  |,  be  de- 
ducted from  1.5  and  from  2.  the  remainders,  |  and  ^  represent  the  relative 
quantitjT  of  oxygen  which  is  required  to  convert  the  same  weight  of  phos- 
phorus into  phosphorous  and  phosphoric  acid.  These  numbera  are  obviously 
m  the  ratio  of  3  to  5,  as  already  sUted  on  the  authority  of  Berselias.  (Ps(o 
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5KH).)  The  elements  of  the  calculation  have  heen  confirmed  both  hy  Damas 
and  Bnff. 

Agreeably  to  theae  views,  and  to  the  combining  Tolome  of  phoephoma 
(page  146),  100  measures  of  phosphuretted  hydrogen  gas  contain  150  of  hy- 
drogen gas  and  25  of  the  Tapour  of  phosphorus;  and  hence,  as 

Grains. 

150  cubic  inches  of  hydrogen  gas  weigh    ....  3.2050 

25        do.  phosphorus  vapour  weigh    .        .        .        33.5461 

100        do.  phosphuretted  hydrogen  gas  should  weigh   36,7511 

The  calculated  density  of  a  gas  so  constituted  should  be  1.1850,  which  is 
nearly  a  mean  of  the  observations  of  Dumas  and  Rose. 

If  the  equivalent  of  phosphorus  were  31.4  instead  of  15.7,  as  is  very  far 
from  improbable,  then  the  combining  volume  of  phosphorus  vapour  would 
be  50  instead  of  25  (page  146) ;  and  phosphuretted  hydrogen  would  consist 
of  50  measures  of  phosphorus  vapour  and  150  of  hydrogen  ^s  condensed 
into  100  measures,  thus  agreeing  in  composition  with  ammoniacal  gas.* 

phosphuretted  hydrogen  has  neither  an  acid  nor  alkaline  reaction ;  but  in 
its  chemical  relations  it  inclines  to  alkalinity.  Thus  it  unites  with  hydro- 
bromic  and  hydriodic  acids,  forming  definite  compounds  which  crystallise 
in  cubes ;  and  Rose  finds  that  it  unites  with  metallic  chlorides,  forming 
coropoonds  analogous  to  those  which  ammonia  forms  with  metallic  chlorides. 

Perpk4f9pkureUed  Hydrogen. — ^The  gas  to  which  this  name  is  applied,  was 
discovered  in  the  year  1783  by  M.  Gengembre,  and  has  since  been  particu- 
larly examined  by  Dalton,  Thomson,  Dumas,  and  Rose.  It  may  be  prepared 
in  several  ways.  The  first  method  is  by  heating  phosphorus  in  a  strong  so- 
lution of  pure  potasaa;  the  second  by  heating  a  mixture  made  of  small 
pieces  of  phosphorus  and  recently  slaked  lime,  to  which  a  quantity  of  water 
is  added  sufficient  to  give  it  the  consistence  of  thick  paste ;  and  the  third 

Sihe  action  of  dilute  hydrochloric  acid,  aided  by  moderate  heat,  on  phos- 
uret  of  calcium.  In  these  processes,  three  compounds  of  phosphorus  are 
generated ; — ^phosphoric  acid,  hypophosphorous  acid,  and  perphosphuretted 
hydrogen— 4JI  of  which  are  produced  by  decomposition  of  water,  and  the 
union  of  its  elements  with  separate  portions  of  phosphorus.  The  last  me- 
thod appears  to  yield  the  purest  gas. 

The  gas  obtained  by  either  of  these  processes  is  said  by  Dalton  to  be  gen- 
erally, and  by  Dumas  to  be  always,  mixed  with  variable  proportions  of  hv- 
drogen ;  but  Rose  denies  that  free  hydrogen  gas  is  evolved,  except  when  the 
heat  is  so  great  as  to  decompose  the  hypophosphite,  a  temperature  which  is 
never  attained  so  long  as  the  materials  are  moist  It  has  a  peculiar  odour, 
resembling  that  of  garlic,  and  a  bitter  taste.  Its  density  is  estimated  at 
0.9027  by  Thomson,  at  1.1  nearly  by  Dalton,  at  1.761  by  Dumas,  and  1.1935 
by  Rose.  It  has  no  action  on  test  paper.  Recently  boiled  water  absorbs  ^th 
of  its  bulk  of  this  gas,  most  of  which  is  expelled  by  trailing  or  agitation  with 
other  gases.  Like  phosphuretted  hydrogen  it  is  freely  absorbed  by  a  solu- 
tion of  chloride  of  lime  or  sulphate  of  oxide  of  copper,  by  which  means  its 
purity  may  be  ascertained,  and  the  presence  of  hydrogen  detected;  and  like 
that  compound  it  sometimes  decomposes  metallic  salts  in  the  same  manner 
as  hydrosulphuric  acid,  ^riving  rise  to  the  formation  of  water  and  a  phos- 
phurct  of  the  metal.  But  if  the  metal  have  a  feeble  affinity  fi>r  oxygen,  both 
the  pbosphurets  of  hydrogen  throw  it  down  in  the  metallic  state,  and  water 
and  phosphoric  acid  are  generated.  This  is  the  case,  according  to  Rose, 
with  solutions  of  gold  and  silver. 


*  This  statement  is  inaccurate.  On  the  supposition  made  by  Dr. 
Turner,  phosphuretted  hydrogen  would  consist  of  50  measures  of  phospho- 
rus vapour  and  300  of  hydrogen  gas,  condensed  into  200  measures.  Conse- 
quently, it  would  not  agree  in  composition  with  ammoniacal  gas.-<»J?d. 
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Perphosphuretted  hydro^n  does  not  rapport  combastion  nor  reipiration. 
In  most  of  its  properties  it  resembles  phosphurctted  hydrogen ;  but  from  that 
|[as  as  well  as  from  other  gases,  it  is  distinguished  bjr  being  spontaneoasly 
inflammable  when  mixed  with  air  or  oxygen  gras.  If  the  beak  of  the  retort 
from  which  it  issues  is  plunged  under  water,  so  that  successive  bubbles  of 
the  gas  may  arise  through  the  liquid,  a  very  beautiful  appearance  takes 
place.  Each  bubble,  on  reaching  the  surface  of  the  water,  bursts  into  flame, 
and  forms  a  ring  of  dense  white  smoke,  which  enlarges  as  it  ascends,  and 
retains  its  shape,  if  the  air  is  tranquil,  until  it  disappears.  The  wreath  is 
formed  by  the  products  of  the  combustion — ^metaphosphoric  acid  and  water. 
If  received  in  a  vessel  of  oxygen  gas,  the  entrance  of  each  babble  is  in- 
stantly followed  by  a  strong  concussion,  and  a  flash  of  white  light  of  ex- 
treme intensity.  It  is  remarkable  that  whatever  may  be  the  excess  of  oxy- 
gen, traces  of  phosphorus  always  escape  combustion ;  but  that  if  the  gas  be 
previously  mixed  with  three  times  its  volume  of  carbonic  acid,  and  be  then 
mixed  with  oxygen,  the  combustion  is  perfect  Dalton  observed  that  it  may 
be  mixed  with  pure  oxygen  in  a  tube  three-tenths  of  an  inch  in  diameter 
without  taking  fire ;  but  that  the  mixture  detonates  when  an  electric  spark 
is  transmitted  through  it. 

In  consequence  of  the  combustibility  of  perphosphuretted  hydrogen,  it 
would  be  hazardous  to  mix  it  in  any  quantity  with  air  or  oxygen  gas  in 
close  vessels.  For  the  same  reason  care  is  necessary  in  the  formation  of  this 
gas,  lest,  in  mixing  with  the  air  of  the  apparatus,  an  explosion  ensue,  and 
Uie  vessel  burst  The  risk  of  such  an  accident  is  avoided,  when  phosphuret 
of  calcium  is  used,  by  filling  the  flask  or  retort  entirely  with  dilute  acid; 
and  in  either  of  the  other  processes,  by  causing  the  phosphuretted  hydro- 
gen to  be  formed  slowly  at  first,  in  order  that  the  oxygen  gas  within  the 
apparatus  may  be  gradually  oonsuraed.  A  very  simple  method  of  avertingf 
aU  danger  has  been  mentioned  by  Mr.  Graham.  It  consists  in  moistening 
the  interior  of  the  retort  with  one  or  two  drops  of  ether,  the  vapour  of  which, 
when  mixed  with  atmospheric  air  even  in  small  proportion,  effectually  pre- 
vents the  combustion  of  perphosphuretted  hydrogen. 

Great  uncertainty  exists  respecting  the  composition  of  this  gas.  It  seems 
pretty  certain,  from  the  experiments  of  Dumas  and  Rose,  that  100  measures 
of  it  contain  150  of  hydrogen ;  bnt  the  quantity  of  phosphorus  combined 
with  that  hydrogen  is  a  point  by  no  means  agreed  on.  The  weight  of  phos- 
phorus united  with  1  part  of  hydrogen  is  estimated  by  Thomson  at  12, 
by  Rose  at  10.52,  and  at  15.9  by  Dumas.  Such  discordant  estimates  are 
only  referable  to  the  changeable  nature  of  the  gas  itself.  Perphosphuretted 
hydrogen,  as  first  prepared,  not  only  often  contains  variable  quantities  of  the 
vapour  of  phosphorus,  of  firee  hydrogen,  and  probablv  of  phosphuretted  hy- 
drogen, but  is  itself  very  liable  to  change.  Not  only  do  its  elements  separate 
when  electric  sparks  are  passed  through  it,  or  by  exposure  to  a  stron?  heat, 
bnt  it  is  apt  to  decompose  spontaneouuy  at  common  temperatures,  whereby 
the  same  specimen  may  vary  in  composition  during  the  interval  of  an  hour. 
Rose,  in  his  last  essay,  contends  that  the  two  compounds  of  phosphorus  and 
hydrogen,  are  isomeric,  being  identical  in  composition,  and  differing  in  cha- 
racter only  by  one  being  spontaneously  inflammable  and  the  other  not  so. 


SECTION  VI. 

COMPOUNDS  OF  NITROGEN  AND  CARBON. 

BICARBURXT  OF  ZOTROGXN,  OK  CTANOGKN  GAB. 

CvANOGKN  gas,  the  discovery  of  which  was  made  in  1815  by  Gay-Lussac, 

(An.  de  Ch.  xcv.)  is  prepared  by  heating  carefuUjr  dried  bicyanuret  of  mer- 
cory  in  a  small  glass  retort  by  means  of  a  spirit-lamp.    This  cyanoret. 
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wbicii  was  fbrmerij  oonsidered  a  eompound  of  ou<ie  of  mercury  and  pmiaic 
add,  and  was  then  called  pruttUUe  of  mercury,  is  compoaed  of  metallic  mer- 
cury and  cyanogen.  On  ezposore  to  a  low  red  heat,  it  ia  resolyed  into  ita 
element! ;  the  cyanogen  paasea  over  in  the  form  of  gaa,  and  the  metallic 
mercury  is  aaUimed.  The  retort,  at  the  close  of  the  process,  contains  a 
■mall  residue  of  a  dark  brown  matter  like  charcoal,  but  which  Mr.  John- 
ston has  shown  to  consist  of  the  same  ingredients  as  the  gas  itsel£ 

Cyanogen  gas  is  colourless,  and  haa  a  strong  pungent  and  very  peculiar 
odour.  At  the  temperature  of  45^  and  under  a  pressure  of  3.6  atmospheres, 
it  Is  a  limpid  liquid,  which  Mr.  Kemp  finds  to  be  a  non-conductor  of  electri- 
city, and  which  resumes  the  gaseous  form  when  the  pressure  is  removed. 
It  extinguishes  burning  bodies ;  but  it  is  inflammable,  and  burns  with  a 
beautifm  and  characteristic  purple  flame.  It  can  support  a  strong  heat 
without  decomposition.  Water,  at  the  temperature  of  60°  absorbs  4.5  times, 
and  alcohol  23  times  its  volume  of  the  gas.  The  aqueous  solution  reddens 
litmus  paper;  but  this  effect  is  not  to  be  ascribed  to  the  gas  itself,  but  to  the 
presence  of  acids  which  are  generated  by  the  mutual  decomposition  of  cyano- 
gen and  water.  It  appears  from  the  observations  of  Wohler  that  two  of  the  pro- 
ducts are  cyanic  acid  and  ammonia;  whicli,  uniting  together,  generate 
urea.  (An.  de  Cb.  et  de  Ph.  xliii.  73.) 

The  composition  of  cyanogen  may  be  determined  by  mixing  that  ^as 
with  a  due  proportion  of  oxygen,  and  inflaming  the  mixture  by  electricity. 
Gay-Lussac  ascertained  in  this  way  that  100  measures  of  cyanogen  require 
200  of  oxygen  for  complete  combustion,  that  no  wator  is  formed,  and  that 
the  products  are  200  measures  of  carbonic  acid  gas  and  100  of  nitrogen. 
Henoe  it  follows  that  cyanogen  contains  its  own  bulk  of  nitrogen,  and 
twioe  its  volume  of  the  vapour  of  carbon.    Consequently,  since  ^ 

Grains. 
100  cubic  inches  of  nitrogen  gas  weigh      .  30.1650 

SOD         do.  the  vapour  of  carbon  weigh  26.1428 

100  cable  inches  of  cyanogen  gas  must  weigh    .        .  56.3078 
Hie  ratio  of  its  elements  by  weight  is 

Nitrogen         .        30.1650                0.9727                .  14.15    1  eq. 

Otfbon            .        26.1428        .        0.8430(2x0.4215)  1254    2  eq. 

The  specific  gravity  of  a  gas  so  constituted  is  0.9727+ 0.843  a  1.6157,  which 
is  near  1.8064,  the  number  found  experimentally  by  Gay-Lussac. 

Cyanogen  is  a  bicarhuret  of  niirofren,  the  .formula  of  which  is  N+2C  or 
NC* ;  but  its  most  convenient  name  is  eyanogkn,  proposed  by  its  discoverer,* 
which  may  be  expressed  shortly  by  Cy. 

Cyanogen,  though  a  compound  body,  has  a  remarkable  tendency  to  com- 
bine  with  elementary  substances.  Thus  it  is  capable  of  uniting  with  the 
simple  non-metallic  bodies,  and  evinces  a  strong  attraction  tor  metals. 
When  potassium,  for  instance,  is  heated  in  cyanogen  gas,  such  energetic 
action  ensues,  that  the  metal  becomes  incandescent,  and  cyanuret  of  potas- 
sium ia  generated.  The  afiinity  of  cyanogen  for  metallic  oxides,  on  the 
contrary,  is  comparatively  feeble.  It  enters  into  direct  combination  with  a 
lew  alkaline  bases  onljr,  and  these  compounds  are  by  no  means  permanent 
From  these  remarks  it  is  apparent  that  cyanogen  has  no  claim  to  be 
r^rded  as  an  acid. 

An  examination  of  the  brown  matter,  left  in  the  retort  after  the  prepara- 
tion of  cyanogen  gas,  has  been  made  by  Mr.  Johnston,  who  by  burning  it 
with  chlorate  of  potassa  found  it  to  contain  carbon  and  nitrogen  united  in 
the  same  ratio  aa  in  cyanogen  gas.  It  is,  in  fiict,  a  solid  bicarhuret  of 
nitrogen,  isomeric  with  cyanogen,  but  difiering  firom  it  essentially  in  its 

»  From  »<;«?•«  Utie,  and  y%^fJm  IgvMraU;  because  it  is  an  essential 
ingredient  of  F^dasian  Uoe. 
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physical  and  chemical  relationa.  On  heating  this  solid  bicarhnret  in  ih$ 
open  air,  several  definite  compounds  of  carbon  and  nitrogen  may  be  sacces* 
BiTely  obtained.  After  considerable  faea^inff,  the  ratio  of  carbon  to  nitrogen 
is  as  3  to  2 ;  again  heated,  the  proportion  becomes  as  7  to  6 ;  and  fin^y, 
after  a  still  longer  heat,  the  ratio  of  the  equiyalents  is  as  1  to  1.  Thns  the 
carbon  is  gradually  burned  away,  leaving  the  nitrogen  fixed,  nntil  a  proto* 
carburet  o£  nitrogen  is  formed.  On  continuing  the  heat  after  this  period, 
both  elements  fly  off  together,  and  the  whole  is  dissipated.  The  solid  bicarburet 
of  cyanogen  is  also  generated,  when  a  saturated  solution  of  cyanogen  in 
alcohol  is  Jtept  in  contact  with  mercury ;  and  Mr.  Johnston  suggests  that 
the  carbonaceous  residue  afler  the  charring  of  animal  substances  by  heat,  is 
probably  in  many  cases  a  carburet  of  nitrogen,  and  not  pure  charcoal  as  is 
commonly  thought  (Brewster's  Journ.  N.  S.  i.  75.) 

The  composition  of  the  compounds  of  cyanogen  described  in  this  section 
isas  follows : — 


Cyanogen. 
Hydrocyanic  acid  263     1  eq.4- Hydrogen    1    1  eq. 


Cyanic  acid     .     26.39    1  eq.+Ozygen       8   1  eq. 
Fulminic   (cya.  f  ^^^    ^  ^^  ^^  g    ^^ 


Pulminic   (cya^ 

nic)  acid 
Cyanuric  acid 
Paracyanuriu 

acid 


Equiv.  Formule. 
:  27.39  H+Cy 
:  34.39  Cy+O 

=  34.39  Cy+O 


79.17 


Bichloride  of  cy- 
anogen? 

Iodide  of  cyanogen.    Composition  uncertain. 
Bromide  of  cy a 


3 '^'+iS7d^.1lq:i  =130.17  Cy=O.H^ 


61.81  Cy+a 
97J23  Cy+2a 


^n^en'^fT  r^-^^     1  eq.+Chlorine  35.42  1  eq. 

26.39    1  eq.+  do.        70.84  2  eq. 

cyan< 
of  cyi 


nogen 
Hydro. 


Composition  uncertain. 

ir.  1   1  eq. 
26.39     1  eq.-f  Sulphur  32.2  2  eq. 


lie  acid  f  Sulph.     32.2     2  eq.  > 


sol 
ante 

Bisnlphurct  of 
cyanogen 

*^?^'  "*" "''  { TExi-tence  doubtful, 
anogen       •      i 

Cyano-hydro-      (  o«  qo    i  -^  i   5  Sulphur  325  2  eq. 

sulphuric  acid  \  ^**-^?    ^  *%+  J  Hydrog.  2     2  eq. 
Hydroseleniocy. 

anic  acid    . 


f  Hydrog. 
[  Composition  uncertain. 


=  59.59    H+CyS* 
=  58.59    Cy+2S 


HYDROCYANIC  OR  PRUSSIC  ACID. 

Tliis  acid  was  discovered  in  the  year  1782  by  Scheele,  and  BerthoUet 
aflerwards  ascertained  that  it  contains  carbon,  nitrogen,  and  hydrogen;  but 
Gay-Lussac  first  procured  it  in  a  pure  state,  and  by  the  discovery  of  cyanogen 
was  enabled  to  determine  its  real  nature.  The  substance  prepared  by 
Scheele  was  merely  a  solution  of  hydrocyanic  acid  in  water. 

Pure  hydrocyanic  acid  may  be  prepared  by  heating  bicyanuret  of  mer- 
cury  in  a  glass  retort  with  two-thirds  of  iu  weight  of  concentrated  hydro- 
chloric acid.    By  an  interchange  of  elements 


yield 


2  eq.  hydrochloric  acid  and  1  eq.  bicyanuret  of  mercury, 
2(H+a)  Hg+2Cy, 

2  eq.  hydrocyanic  acid  and  1  eq.  bichloride  of  mercury. 
2CH+Cy)  Hg4.2a. 


The  volatile  hydrocyanic  acid  passes  off  in  vapour  along  with  moisture  and 
hydrochloric  add :  by  transmisaion  through  a  tube  over  fragments  of  marUe 
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it  is  deprived  of  hydrochloric  acid.  It  is  then  dried  by  paasingr  through 
another  tube  filled  with  fused  chloride  of  calcium  in  fi-agments,  and  is 
nltimaiely  collected  in  a  clean  dry  tube  surrounded  by  ice. 

Vanquelin  proposes  the  following  process,  which  affords  a  more  abundant 
product  than  the  preceding.  It  consists  in  filling  a  narrow  tube,  placed 
horizontally,  with  fragments  of  bicyanuret  of  mercury,  and  causing  a  cur- 
rent of  dry  hydrosulphuric  acid  gas  to  pass  very  slowly  along  it.  The  instant 
that  gas  comes  in  contact  with  the  bicyanuret,  double  decomposition  ensues, 
and  hydrocyanic  acid  and  bisulphuret  of  mercury  are  generated.  The  pro* 
gress  of  the  hydrosulphuric  acid  along  the  tube  may  be  distinctly  traced  by 
the  change  of  colour,  and  the  experiment  should  be  closed  as  soon  as  the 
whole  of  the  bicyanuret  has  become  black.  It  then  only  remains  to  expel 
the  hydrocyanic  acid  by  a  gentle  heat,  and  collect  it  in  a  cool  receiver.  This 
process  is  elegant,  easy  of  execution,  and  productive. 

Pure  hydrocyanic  acid  is  a  limpid  colourless  fluid,  of  a  strong  odour, 
similar  to  that  of  peach  blossoms.  It  excites  at  first  a  sensation  of  coohieBS 
on  the  tongue,  which  is  soon  followed  by  heat ;  but  when  diluted,  it  has  the 
flavour  of  bitter  almonds.  Its  specific  gravity 'at  45^'  is  0.7058.  It  is  so 
exceedingly  volatile  that  its  vapour  during  warm  weather  may  be  collected 
over  mercury.  Its  point  of  ebullition  is  79^,  and  at  zero  it  congeals.  Whea 
a  drop  of  it  is  pUced  on  a  piece  of  glass,  it  becomes  solid,  because  the  cold 
produced  by  the  evaporation  of  one  portion  is  so  great  as  to  fireeze  the 
remunder.    It  unites  with  water  and  alcohol  in  every  proportion. 

Pore  hydrocyanic  acid  is  a  powerful  poison,  producing  in  poisonous  doses 
insensibility  and  convulsions,  which  are  speedily  followed  by  death.  A  sin- 
gle drop  of  it  placed  on  the  tongue  of  a  dog  causes  death  in  the  course  of  a 
very  few  seconds ;  and  small  animals,  when  confined  in  its  vapour,  are  rapid- 
ly destroyed.  On  inspiring  the^vapour,  diluted  with  atmospheric  air,  head- 
ach  and  giddiness  supervene ;  and  for  this  reason  the  pure  acid  should  not 
be  made  in  close  apartments  during  warm  weather.  The  distilled  water 
from  the  leaves  of  the  Pniiifis  lauro^eranu  owes  its  poisonous  qualitjr  to 
the  presence  of  thb  acid.  Its  effects  are  best  counteracted  by  diffusibla 
stimulants,  and  of  such  remedies  solution  of  ammonia  appears  to  be  the 
most  beneficial.  The  aqueous  solution  of  chlorine  may  be  used  as  an  anti- 
dote, which  decomposes  hydrocyanic  acid  instantly,  with  formation  of  hy- 
drochloric acid.  In  some  experiments,  recently  described  by  MM.  Persoz 
and  Nonat,  symptoms  of  poisoning,  induced  by  hydrocyanic  acid  applied  to 
the  globe  of  the  eye,  ceased  on  the  internal  administration  of  chlorine.  ^  It 
would  hence  appear,  that  both  substances  were  absorbed  into  the  circulating 
fluids,  and  there  reacted  on  each  other.  (An.  de  Ch.  et  de  Ph.  xliiL  334.) 

Pore  hydrocyanic  acid,  even  when  excluded  from  air  and  moisture,  is 
verv  liable  to  spontaneous  changes,  owing  to  the  tendency  of  its  elements 
to  mrm  new  combinations.  These  changes  sometimes  commence  within  an 
hoar  afler  the  acid  is  made,  and  it  can  rarely  be  preserved  for  more  than 
two  weeks.  The  commencement  of  decomposition  is  marked  by  the  liquid 
acquiring  a  reddish-brown  tinge.  The  colour  then  gradually  deepens,  a 
matter  like  charcoal  subsides,  and  ammonia  is  generated.  On  analyzing 
the  black  matter,  it  was  found  by  Gay-Lussac  to  contain  carbon  and  nitro- 
gen :  M.  P.  Boullay  considers  it  to  be  a  peculiar  acid,  composed  of  carbon, 
nitrogen,  and  hydroeen,  very  analogous  to  ulmic  acid,  and  for  which  ho 
proposes  the  name  of  axtUmie  acid;  but  farther  observation  is  desirable  be- 
fore this  view  can  be  relied  on.  Hydrocyanic  acid  may  be  preserved  for  a 
longer  period  if  diluted  with  water,  but  even  then  it  undergoes  gradual  de- 
oom  position. 

Hydrocyanic  acid  is  one  of  the  feeblest  of  the  acids.  It  is  not  acid  to 
the  taste,  scarcely  reddens  litmus  paper,  does  not  decompose  the  salts  of 
carbonic  acid,  and  is  unable  in  any  quantity  to  neutralize  the  alkaline  ro. 
action  of  poCassa.  When  mixed  with  metaUio  oxides  it  rarely  if  ever  enters 
into  combination,  so  as  to  constitute  hydrooyanates ;  but  by  an  interchango 
of  ebrosnts,  water  and  metaUio  oyanurets  are  generated.  Though  a  solu. 
tioft  of  ojaaoiot  of  potassium  is  alkaline,  has  the  odour  of  hydrocyaiiio 
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A  test  of  iar  greater  delicacy,  originaHv  noticed  by  Scheele,  is  the  follow- 
ing. To  the  liquid  sapposed  to  contain  hydrocyanic  acid,  add  a  solution  of 
green  vitriol,  throw  down  the  protoxide  of  iron  by  a  slight  excess  of  pure 
polassa,  and  acidulate  with  hydrochloric  or  sulphuric  acid,  so  as  to  redissolve 
the  precipitate.  Prussian  blue  will  then  make  its  appearance,  if  hydrocyanic 
acid  had  been  originally  present.  Tlie  nature  of  the  chemical  change  will  be 
explained  in  the  section  on  the  haloid  salts  when  describing  the  mano&c- 
ture  of  Prussian  blue.    The  presence  o£ protoxide  of  iron  is  essential. 

As  hydrocyanic  acid  is  sometimes  administered  with  criminal  designs, 
the  chemist  may  be  called  on  to  search  for  its  presence  after  death.  The 
subject  has  been  investigated  experimentally  by  Leuret  and  Lassaigne,  and 
tiie  process  they  have  recommended  is  the  following.  The  stomach  or  other 
substances  to  be  examined  are  cut  into  small  fragments,  and  introduced 
into  a  retort  along  with  water,  the  liquid  beine^  slightly  acidulated  with  sul- 
phuric acid.  The  distillation  is  then  conducted  by  the  heat  of  boiling  water, 
the  voUtile  products  are  collected  in  a  receiver  surrounded  with  ice,  and  the 
presence  of  hydrocyanic  acid  in  the  distilled  matter  is  tested  by  the  method 
above  mentioned.  These  gentlemen  found  that  hydrocyanic  acid  mav  be 
thus  detected  two  or  three  days  afkr  death,  but  not  afler  a  longer  period.  In 
the  case  of  a  young  man  poisoned  during  the  winter  season  by  a  strong 
dose  of  Uie  poison,  I  detected  it  four  days  after  death ;  but  the  quantity  ol^ 
taincd  was  very  minute,  though  the  odour  of  hydrocyanic  acid  emitted  by 
the  contents  of  the  stomach  was  considerable.  The  disappearance  of  tm 
acid  appears  owing  partly  to  it*  volatility,  and  partly  to  the  facility  with 
which  it  undergoes  spontaneous  decomposition.  (Journal  de  Chimie  Mcdi- 
cale,  xi.  5G1.) 

Cyanic  Acid, — There  are  two  compounds  entitled  to  this  appellation,  one 
of  which  was  discovered  by  Wohler  and  the  other  by  Liebig ;  but  to  prevent 
confusion  I  shall  apply  to  the  former  the  term  eyame  acid,  and  that  oTfitU 
minic  acid  to  the  latter. 

It  was  stated  by  Gay-Lussac,  in  the  essay  already  quoted,  that  cyanogen 
gas  is  freely  abrorbed  by  pure  alkaline  sdutions;  and  he  expressed  his 
opinion  that  the  alkali  combines  directly  with  the  cyanogen.  It  appears, 
however,  from  the  experiments  of  Wohler,  that  cyanic  acid  and  a  c]ranuret 
are  formed  under  these  circumstances ;  and,  consequently,  that  alkaline  so- 
lutions act  upon  cyanogen  in  the  same  manner  as  on  chlorine,  iodine,  bro- 
mine, and  sulphur.  But  the  salts  of  cyanic  acid  cannot  conveniently  be  pro- 
cured  in  this  way,  owing  to  the  difficulty  of  separating  the  cyanate  from  the 
cyanuret  with  which  it  is  accompanied.  Wohler  finds  that  cyanate  of  po- 
tassa  may  be  procured  in  large  quantity  by  mixing  fi^rrocyanuret  of  potas. 
slum  with  an  equal  weight  of  peroxide  of  manganese  in  fine  powder,  and 
exposing  the  mixture  to  a  low  red  heat.  The  cyanogen  and  potassium  of 
that  salt  receive  oxygen  from  the  manganese,  and  are  converted  into  cya- 
nate of  potassa.  The  ignited  mass  is  then  boiled  in  alcohol  of  86  per  cent ; 
and  as  the  solution  cook,  the  cyanate  is  deposited  in  small  tabular  crystals 
resenibling  chlorate  of  potassa.  The  only  precaution  necessary  in  this  pro- 
cess  is  to  avoid  too  high  a  temperature. 

Cyanic  acid  is  characterized  by  the  facility  with  which  it  is  resolved  by 
water  into  carbonic  acid.and  ammonia.  This  change  is  eflTected  merely  by 
boiling  an  aqueous  solution  of  cyanate  of  potassa ;  and  it  takes  place  still 
more  rapidly  when  an  attempt  is  made  to  deeompose  the  cyanate  by  means 
of  another  scid.  If  tlie  acid  is  diluted,  cyanic  acid  is  instantly  decomposed, 
and  carbonic  acid  escapes  with  efibrvescenoe.  But,  on  the  contrary,  if  a  con- 
centrated acid  is  employed,  then  the  cyanic  acid  resists  decomposition  for  a 
short  time,  and  emits  a  strong  odour  of  vinegar.  Wohler  and  Liebi?  have 
.succeeded  in  obtaining  it  in  a  very  concentrated  and  pure  state  by  placing 
cyanuric  acid,  previously  deprived  of  ita  water  of  crystallization  by  a  tcm. 
perature  of  212°,  in  a  small  glass  retort,  and  applying  a  heat  gradually  in- 
creasing  to  low  redness.  The  vapours  are  collected  in  a  reoeiver  surrounded 
b^  a  freezing  mixture  of  salt  and  ice,  and  are  thereby  condensed  into  a  lim. 
pid  colourless  Uquid,  which  was  at  first  supposed  to  be  anhydrous  cyanio 
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acid,  bat  wbieh  tumi  out  to  be  cyanic  acid  with  one  equiralent  of  water. 
This  liquid  has  a  penetrating  odour  limilar  to  the  strongest  acetic  acid,  is 
extremely  pongfent,  produces  a  flow  of  .tears,  and  when  applied  in  minute 
quantity  to  the  skin  instantly  causes  a  white  vesicle  to  be  formed,  attended 
with  severe  pain.  It  is  very  volatile,  giving  off  a  vapour  which  is  inflamma- 
ble, and  has  a  strong  acid  reaction.  When  this  vapour  is  conducted  into  ice- 
cold  water,  it  is  freely  dissolved  without  decomposition ;  but  as  soon  as  the 
temperature  rises  a  little,  carbonic  acid  escapes  with  effervescence,  and  the 
acid  is  entirely  destroyed.  When  the  pure  hydrous  acid,  removed  from  the 
freezing  mixture,  has  acquired  the  temperature  of-  the  air,  it.spe^ily  begins 
to  grow  turbid,  its  temperature  rises,  and  the  liquid  enters  into  violent  ebul- 
lition from  the  heat  vaporizing  the  acid.  During  this  action  no  g&s  what- 
ever is  evolved ;  but  a  white  insoluble  substance  is  rapidly  produced,  and  in 
the  course  of  a  few  minutes  the  whole  liquid  acid  entirely  disappears,  and  a 
dry  compact  matter  of  brilliant  whiteness  occupies  its  place.  This  solid  will 
bereailer  be  alluded  to  under  the  name  of  imtoluble  eyanurie  acid^  when  it 
will  be  found  to  contain  precisely  the  same  elements  as  the  hydrous  cyanic 
add. 

The  composition  of  cyanic  acid,  as  stated  at  page  266,  has  been  fally 
ertabliabed  by  ^ohlerand  Liebig.  (An.  de  Ch.  et  de  Ph.  xz.  and  zzvii.)  It 
will  be  understood,  from  the  ratio  of  its  elements  and  their  known  afiinities, 
why  a  solution  of  cyanic  acid  in  water  is  readily  convertible  into  bicarbo- 
nate of  ammonia;  for  one  equivalent  of  cyanic  acid  with  three  equivalents 
of  water  contain  exactly  the  same  elements  as  one  equivalent  of  bicarbonate 
of  ammonia:  Thus 

1  eq.  cvsDic  acid  and  3  et\.  water.    S    2  eq.  carbonic  acid  and  1  eq.  ammonia 
(N.f2C)+0  3(H4.0)     -S        2(C4.20)  3H+N. 

A  great  part  of  the  carbonic  acid  is  disenpfaged  in  a  free  state,  because  the 
bicarbonate  formed  by  one  portion  of  cyanic  acid  is  decompoaed  by  another; 
80  that  cyanate  of  ammonia  (urea)  is  instantly  generated,  and  remains  in 
solution.  It  Is  also  obvious  that  pure  hydrous  cyanic  acid  cannot  undergo 
the  same  change  as  its  aqueous  solution. 

Cvanic  acid  forms  a  soluble  salt  witli  baryta,  but  insoluble  ones  with  the 
oxides  of  lead,  mercury,  and  silver.  A  pure  soluble  cyanate,  as  that  of  po- 
taasa  for  instance,  gives  a  white  precipitate  with  nitrate  of  oxide  of  silver ; 
and  the  cyanate  of  that  oxide  is  soluble  witliout  residue  in  dilute  nitric  acid. 
The  action  of  cyanic  acid  on  ammonia  is  peculiarly  interesting.  When  dry 
ammoniacal  gas  is  mixed  with  the  vapour  of  hydrous  cyanic  acid,  tliey 
form  a  white  crystalline  salt,  which  is  a  cyanate  of  ammonia  with  excess  of 
alkali,  probably  a  dicyanate,  and  one  equivalent  of  water.  This  salt  dis- 
solves in  water,  and  possesses  all  the  characters  of  a  cyanate  of  ammonia: 
potassa  displaces  ammonia,  and  an  acid  expels  cyanic  acid.  But  on  apply- 
ing a  gentle  heat  to  the  dry  salt,  or  evaporating  its  aqueous  solution,  am- 
monia escapes,  and  a  substance  remains  composed  of  the  same  elements  aa 
cyanic  acid  and  ammonia,  but  which  does  not  evolve  cyanic  acid  or  am- 
monia when  an  acid  or  alkali  is  added ;  and  in  which  all  the  properties  of 
the  animal  principle  urea  may  be  recognized.  The  possibility  of  such  a 
change  is  readily  understood  by  comparing  the  composition  of  urea,  and  that 
of  cyanate  of  ammonia  with  one  equivalent  of  water. — ^Thus 
Carbon  13.34  2eq.>  I  Cyanic  acid  34.39  1  eq.  (N4.2C)4.0. 
Nitrogen    28.3      2  eq.  I  g  |  Ammonia       17.15    1  eq.  3  H-fN. 

Hydrogen    4         4eq.fu|Water  9         1  eq.  H4.0. 

Oxygen      16         2eq.J  

-r-  60.54 

60.54 
^  Tlie  hydrated  neutral  cyanate  of  ammonia  has  exactly  the  same  ingre-* 
ditntB  and  the  same  equivalent  as  urea;  and  whenever  the  elements  for  pro- 
ducing  the  former  come  into  contact,  they  invariably  constitute  the  latter. 
Thia  production  of  urea  ensues  so  readily,  that  mere  exposure  of  the  dry 
dicyanate  to  the  air,  or  the  spontaneous  evaporation  of  its  aqueous  solution. 
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Buffices  for  the  change.  Theee  pbenomena  iUostrate  in  a  moat  inatracUve 
manner  the  aubject  of  iaomeriam,  and  prove  how  pouible  it  may  be,  by  a 
difference  in  arrangement,  to  produce  two  different  compounda  with  the 
same  materiahi.  (An.  de  Ch.  et  de  Fh.  zlvi.  25.) 

The  existence  of  cyanid  acid  was  suspected  by  Vauquelin  before  it  was 
actually  discovered  by  Wohler.  The  experimenta  of  tlie  former  chemist 
led  him  to  the  opinion  that  a  solution  of  cyanogen  in  water  is  gradually 
converted  into  hydrocyanic,  cyanic,  and  carbonic  acids,  and  ammonia ;  and 
he  supposed  alkalies  to  produce  a  similar  change.  He  did  not  establish  the 
fiict,  however,  in  a  satisfiictory  manner.    (An.  de  Ch.  et  de  Ph.  voL  iz.) 

Fulminic  Acid. — A  powerfully  detonating  compound  of  mercury  was 
described  in  the  Philosophical  Transactions  for  1800  by  Mr.  £.  Howard. 
It  is  prepared  by  dissolving  100  grains  of  mercury  in  a  measured  ounce 
and  a  half  of  nitric  acid  of  specific  gravity  1.3;  and  adding,  when  the  solu- 
tion has  become  cold,  two  ounces  by  measure  of  alcohol,  tbe  density  of 
which  is  0.849.  The  mixture  is  then  heatod  till  moderately  brisk  efierves- 
oence  takes  place,  during  which  tho  fulminating  compound  is  generated. 
A  similar  substance  may  be  made  by  treating  silver  in  the  same  manner. 
The  conditions  necessary  for  forming  theae  compounds  are,  that  the  silver 
or  mercury  be  dissolved  in  a  fluid  which  contains  so  much  free  nitric  acid 
and  alcohol,  that  on  the  application  of  heat  nitric  ether  4haU  be  freely  dis. 


Fulminating  silver  and  mercury  bear  the  heat  of  313^  or  even  360°  with- 
out detonating;  but  a  higher  temperature,  or  slight  percussion  between  two 
hard  bodies,  causes  them  to  explode  with  violence.  The  nature  of  these 
oompounds  was  discovered  in  1833  b^  Liebig,*  who  demonstrated  that  they 
are  salts  composed  of.  a  peculiar  acid,  which  he  termed  fidminie  acid,  in 
combination  with  oxide  of  mercury  or  silver.  According  to  an  analysis  of 
fulminating  silver  made  by  Liebig  and  Gay.LusBac,f  tbe  acid  of  the  salt  ia 
composed  of  36.39  parte  or  one  equivalent  of  cyanogen,  and  8  parts  or  one 
equivalent  of  oxygen.  It  is  hence  inferred  to  be  a  real  cyanic  acid^  identi- 
cal in  composition  with  the  cyanic  acid  of  Wohler,  though  essentially  dtfl 
ferent  in  its  properties..  The  composition  of  this  acid  is  differently  stated 
by  Mr.  Davy  of  Dublin;  but  the  known  care  and  skill  of  Gay-Lussac  and 
Liebig  in  such  researches  justify  all  confidence  in  their  result 

It  is  remarkable  that  the  oxide  of  silver  cannot  be  entirely  separated  from 
fulminic  acid  by  means  of  an  alkalL  On  digesting  fulminate  of  that  oxide 
in  potassa,  one  equivalent  of  oxide  of  sUver  is  separated,  and  a  double  ful- 
minate is  formed,  which  consists  of  two  equivalents  of  fulminic  acid,  one  of 
oxide  of  silver,  and  one  of  potassa.  Similar  compounds  may  be  procured 
by  substituting  other  alkaline  substances,  such  as  baryta,  lime,  or  magnesia, 
for  the  potassa.  These  double  fulminates  are  capable  of  crystallizing;  and 
they  all  possess  detonating  properties. 

From  the  presence  of  oxide  of  silver  in  the  double  fulminates,  it  was  at 
first  imagined  that  this  oxide  actually  constitutes  a  part  of  the  acid;  but 
since  several  other  substances,  such  as  oxide  of  mercury,  zinc,  and  copper, 
may  be  substituted  for  that  of  silver,  this  view  can  no  longer  be  admitted.^ 

We  are  indebted  to  Mr.  Davy  for  a  method  of  obtaining  fulminic  acid  in 
a  separate  state.  Into  a  bottle  with  a  ground  stopper  are  inserted  one  part 
of  fulminating  mercury,  two  parts  of  clean  zinc  filings,  and  about  18  parts 
of  water;  and  the  materials,  kept  at  a  temperature  of  fiJO^,  are  oocasionalljr 
agitated,  in  order  that  metallic  mercury  should  be  thrown  down  and  fulmi- 
nate of  oxide  of  zinc  be  generated.  This  salt  is  then  decomposed  by  a 
solution  of  pure  baryta,  and  the  resulting  fulminate  of  baryta  decomposed 
by  a  quantity  of  dilute  sulphuric  acid  just  sufficient  to  neutralize  the  baryta- 
The  fulminic  acid  thus  obtained  is  a  colourless,  transparent  liquid,  of  a" 
pungent  odour,  somewhat  like  strong  pmesic  acid«  and  baa  a  sweet  taate 
followed  by  a  particular  astringency  and  disagraeaUe  impression  on  the 

*  An.  de  Ch.  et  de  Pk  voL  xxiv.  f  Ibid.  xzv. 
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ptktc  It  is  volatile,  poifonoiH  to  animala,  and  hat  an  acid  reaction.  Ailer 
a  few  iioura  it  acquires  a  yellow  tint,  and  undergoes  partial  decomposition; 
but  the  nature  of  the  chancre,  and  the  effects  of  heat  and  chemical  agenISi 
in  general  on  fnlmlnic  acid  are  not  yet  understood. 

Vyanurie  Acids — ^This  compound  was  originally  prepared  by  gently  boil- 
ing the  scKcalled  bichloride  of  cyanogen  in  water.  On  the  supposition  of 
its  discoverer  SeruUas,  that  it  consists  solely  of  c3ranoflfen  and  oxygen,  and 
that  his  bichloride  of  cyanogen  has  the  composition  implied  by  its  name, 
the  origin  of  oyanuric  acid  would  be  referable  to  the  mutual  decomposition 
of  water  and  the  bichloride;  bat  since  Wohkr.  and  Liebig  hare  proved 
cyanuric  acid  to  contain  hydrogen  as  well  as  oxygen  and  cyanogen,  its 
production  by  this  method  ceases  to  be  intelligible,  and  there  is  consequent 
ly  a  well-grounded  suspicion  of  the  bichloride  of  cyanogen  havinfif  a  differ- 
ent  constitution  from  that  stated  by  SeruUas.  (An.  de  Cn.  et  de  Ph.  zxzviii. 
379,  and  zlvi.  25.)  However  this  may  be,  the  preceding  process  gives  rise 
to  c3rBnuric  and  hydrochloric  acids;  and  on  evaporating  the  solution,  the 
latter  is  expelled  in  vapour,  and  the  former  deposited  on  cooling  in  obli<}ae 
rhomboidal  prisms.  The  crystals  are  further  purified  by  a  second  solution 
and  evaporation. 

As  thus  obtained,  cjranuric  acid  is  chemicaUy  united  vrith  two  equivalents 
of  water.  The  recent  crystals  are  colourless  and  transparent,  but  become 
opaque  by  exposure  to  the  air,  and  if  heated  to  313^,  their  water  of  orystal- 
iixation  is  wholly  expelled.  In  cold  water  they  are  very  sparingly  soluble; 
bat  they  are  dissolved  by  this  menstruum,  as  also  by  sulphuric,  nitric,  and 
hydrochloric  acid,  with  the  aid  of  heat  They  have  little  taste,  redden 
iitmus  paper,  and  are  rather  lighter  than  sulphuric  acid.  One  of  the  most 
remarkable  characters  of  the  acid  is  its  permanence.  For  instance,  it  may 
be  boiled  in  strong  nitric  or  sulphuric  acid  without  deoomposiUon;  and  by 
evaporating  ita  solution  in  the  former,  it  is  obtained  in  a  very  white  and 
pare  state.  It  is  volatile  at  a  lower  temperature  than  boiling  mercury,  and 
condenseB,  unchanged,  in  the  form  of  acicular  crystals.  Wi^n  heated  with 
potassium,  it. is  decomposed,  yielding  potassa  and  cyanuret  of  potassium. 
With  metallic  oxides  it  forms  permanent  salts,  which  do  not  detonate. 

Anhydrous  cyanuric  acid,  first  noticed  by  Wohler,  is  obtained  by  cooling 
fiom  a  hot  concentrated  sdution  of  the  crystals  in  sulphuric  or  hydrochloric 
acid.  The  figure  of  its  crystals,  when  they  are  regularly  formed,  is  that  of 
an  octohedron  with  a  square  base.  When  the  anhydrous  acid  is  sharply 
heated,  part  of  it  sublimes  without  change;  but  part  is  decomposed,  and 
hydrous  cyanic  acid,  as  already  mentioned,  is  formed  in  considerable 
quantity. 

Ltebig  and  Wohler  have  remarked,  that  the  substance  called  pyro-urie 
acid,  which  sublimes  when  uric  acid  is  decomposed  by  heat,  is  cyanuric 
acid.  This  compound  is  also  formed,  according  to  Liebig,  by  transmitting 
chlorine  ^as  through  water  in  which  cyanate  of  oxide  oi  silver  is  suspend- 
ed ;  chloride  of  silver,  carbonic  acid,  and  ammonia  bein^  generated  at  the 
same  time.  Liebig  also  states,  that  on  heating  dry  uric  acid  in  dry  chlo- 
rine gas,  a  large  quantity  of  cjranic  and  hydrochloric  acids  is  generated. 
He  adds,  further,  that  cyanate  of  potassa,  when  heated  in  strong  acetic 
add,  is  converted  into  cyanurate  of  potasSa.  (An.  de  Ch.  et  de  Ph.  xli.  335, 
and  xliii.  64.) 

Cyanuric  acid  may  also  be  obtained  fVom  urea,  a  mode  of  preparation 
which  has  lately  been  illustrated  by  the  joint  labours  of  Wohler  and  Liebig. 
When  pure  urea  is  pot  into  a  retort,  and  heated  bv  a  gradaally  increasing 
temperature  to  about  600^,  it  is  entirely  resolved  mto  ammonia  and  anhy- 
drous cyanuric  acid,  the  former  of  which  escapes,  while  the  latter,  if  the 
heat  be  carefully  managed,  is  lefl  entirely  in  the  retort  In  order  to  sepa- 
rate some  ammonia  wmch  is  ^dways  retained,  it  is  dissolved  In  hot  concen- 
trated sulphuric  acid,  and  nitric  acid  is  added  drop  by  drop  until  it  occasions 
noibrther  effisrvescence,  and  the  solution  becomes  colourless.  After  cooling 
H  is  mixed  with  cold  water,  which  throws  down  the  cyanuric  acid  in  the 
tern  of  a  cryatalline  powder  of  brilliant  whiteness.    It  msy  also  be  purl- 
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6m1  by  truiBmitting  a  current  of  chlorine  through  water  in  which  the  im- 
pure  acid  is  Buspended.  Very  lar^  crystals  may  be  obtained  by  forming  a 
■aturated  solution  of  the  pure  acid  in  boiling  water,  evaporating  it  to  one- 
half  of  its  Tolame  on  a  sand-bath  heated  to  about  150^,  and  allowing  it  to 
cool  gradually  on  the  sand-bath  itself. 

The  analysis  of  cyanuric  acid  by  Wohler  and  Liebig  accounts  in  an 
elegant  manner  for  its  production  from  urea.  They  have  established  the 
singular  Act  that  cyanuric  acid  contains  the  same  elements,  in  the  verv 
same  proportion,  as  hydrous  (^anic  acid.  Hence  the  formulae  of  page  271, 
connecting  the  composition  of  urea  and  hydrous  cyanic  acid,  will  also  serve 
to  compare  the  constitution  of  urea  and  cyanuric  acid :  the  elements  of  urea 
may  be  disposed  into  such  order  as  to  constitute  either  hydrated  cyanate,  or 
anhydrous  cyanurate,  of  ammonia,  though  in  reality  they  have,  doubtless,  a 
very  different  arrangement  The  elements  of  water,  contained  in  hydrous 
cyanic  acid  as  water,  and  separable  from  that  acid,  appear  to  exist  in 
cyanuric  acid  in  a  wholly  different  state,  and  to  be  essential  to  the  existence 
01  cyanuric  acid.  Besides,  one  equivalent  of  cyanuric  acid  (page  266), 
namely,  3Cy,  60,  and  3H,  contains  the  same  elements  as  three  equiva. 
lents  of  hydrous  cyanic  acid ;  and  hence  three  eq.  of  urea  are  capable  of 
•applying  one  eq.  of  cyanuric  acid  and  three  eq.  of  ammonia. 

Another  interesting  compound  described  in  the  important  essay  of  Woh- 
ler and  Liebig,  is  that  which  they  have  termed  intiiuble  cyanuric  acid,  a 
compound  entirely  difibrent  in  its  chemical  properties  from  the  preceding 
■oluble  acid,  and  yet  identical  with  it  in  the  nature  and  ratio  of  its  elementl^ 
and  in  having  the  same  equivalent  This  is  the  substance  already  mention- 
ed as  the  sole  product  of  the  spontaneoos  decomposition  of  hydrous  cyanic 
acid,  three  eq.  of  which  yield  one  eq.  of  insoluble  cyanuric  add,  without 
lost  or  gain  of  a  single  element  This  acid,  as  isomeric  with  cyanuric  acid« 
may  appropriately  Iw  called  paracyanurie  acid. 

The  preceding  history  sufficiently  explains  the  origin  of  the  name  Ap- 
plied to  these  acids.  The  term  cyon-ttrtc,  is  suggested  by  the  close  relation 
of  these  acids  to  urea  and  uric  acid,  added  to  the  curcumstanoe  of  cyanogen 
being  an  essential  part  of  their  composition. 

Chloride  of  Cyanogen. — ^Tho  existence  of  this  compound  was  first  noticed 
by  BerthoUet,  who  named  it  oxypruttic  acid,  on  the  supposition  of  its  con- 
taining prussic  acid  and  oxygen ;  and  it  was  afterwards  described  by  Oay- 
Lnasac,  in  his  essay  on  cyanogen,  under  the  appellation  o€  chlorocyanic  acul. 
It  was  procured  by  this  chemist  by  transmitting  chlorine  gas  into  an 
aqueous  solution  of  hydrocyanic  acid  until  the  liquid  aoquir^  bleachinff 
properties,  removing  the  excess  of  chlorine  by  agitation  with  mercury,  and 
then  heating  the  mixture,  so  as  to  expel  the  gaseous  chloride  of  cyanogen. 
The  chemical  changes  which  take  place  during  this  process  are  complicated. 
At  first  the  elements  of  hydrocyanic  acid  unite  with  separate  portions  of 
chlorine,  and  give  rise  to  hydrochloric  acid  and  chloride  of  cyanogen ;  and 
when  heat  is  applied,  the  elements  of  the  chloride  and  water  react  on  each 
other,  in  consequence  of  which  hydrochloric  acid,  ammonia,  and  carbonic 
acid  are  generated.  Owing  to  this  circumstance  the  chloride  of  Cjranogen 
was  always  mixed  witli  carbonic  acid,  and  its  properties  imperfectly  under- 


During  the  year  1829  Serullas  succeeded  in  procuring  this  compound  in 
a  pure  state,  by  exposing  bicyanuret  of  mercury,  in  powder  and  moistened 
with  water,  to  the  action  of  chlorine  gas  contained  in  a  well-stopped  phtaL 
The  vessel  is  kept  in  a  dark  place ;  and  after  ten  or  twelve  hours  the  colour 
of  the  chlorine  is  no  longer  perceptible,  bichloride  of  mercury  is  found  at 
the  bottom  of  the  phial,  and  its  space  is  filled  with  the  vapour  of  chloride  of 
cyanogen.  The  bottle  is  then  cooled* down  to  lero  by  frecaing  mixtures  of 
snow  and  salt,  at  which  temperature  chlorido  of  cjranogen  is  solid.  Some 
chloride  of  calcium  is  then  introduced,  the  stopper  repboed,  and  the^  bottle 
kept  in  a  moderately  warm  situation,  in  order  that  the  moisture  within  may 
be  completely  absorbed.  The  chloride  of  cyanogen  is  then  again  solidified 
by  odd,  the  phial  completely  filled  with  dry  and  cold  mercury,  and  a  bent 
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tabe  adapted  to  its  aperture  by  means  of  a  cork.  The  solid  chloride,  which 
remains  adhering'  to  the  inner  surface  of  the  phial,  is  converted  into  m  by 
gentle  heat,  and  passing  along  the  tube,  is  ooUectod  over  mercury.  iGxpo- 
sore  to  the  direct  solar  rays'  interferes  with  the  success  of  this  process :  hy- 
drochlorate  of  ammonia,  together  with  a  little  carbonic  acid,  is  then  gene- 
rated, and  a  yellow  liquid  collects,  which  appears  to  be  a  mixture  of  chlo- 
ride of  carbon  and  chloride  of  nitrogen.  (An.  de  Ch.  et  de  Ph.  zxzr.  291.) 

Chloride  of  cyanogen  is  solid  at  0<^,and  in  congealing  crystallizes  in  very 
long  slender  needles.  At  temperatures  between  5^  and  10.5°  it  is  liquid, 
and  also  at  68^  under  a  pressure  of  four  atmospheres;  but  at  the  common 
pressure,*  and  when  the  thermometer  is  above  10.5°  or  11°,  it  is  a  colourless 
gas.  In  the  liquid  state  it  is  as  limpid  and  colourless  as  water.  It  has  a  very 
ofiensive  odour,  irritates  the  eyes,  is  corrosive  to  the  skin,  and  highly  inju- 
rious to  animal  life. 

Chloride  of  cyanogen  is  very  soluble  in  water  and  alcohol.  The  former 
under  the  common  pressure,  and  at  68°  dissolves  twenty-five  times  its  vo- 
lume. Alcohol  takes  up  100  times  ite  volume,  and  the  absorption  is  effected 
almost  with  the  same  velocity  as  that  of  ammoniacal  gas  by  water.  These 
solutions  are  quite  neutral  with  respect  to  litmus  and  turmeric  paper,  and 
may  be  kept  without  apparent  change.  The  gas  may  even  be  separated 
without  decomposition  by  boiling.  The  chloride  of  cyanogen,  accordingly, 
does  not  possess  the  characters  of  an  acid. 

The  changes  induced  by  the  action  of  alkalies  do  not  appear  to  be  very 
clearly  understood.  SeruUas  agrees  with  Gay-Lussac  in  stating,  that  if  to  a 
solution  of  chloride  of  cyanogen  a  pure  alkali  is  added,  and  then  an  acid, 
efiervescence  ensues  from  the  escape  of  carbonic  acid  gas.  Ammonia,  and 
probably  hydrochloric  and  hydrocyanic  acid,  are  also  generated. 

According  to  Gay-Lussac  and  SeruUas,  100  measures  of  the  vapour  of 
chloride  of  cyanogen  contain  50  measures  of  cyanogen  and  50  of  chlorine 
gases.  The  density  of  a  vapour  so  constituted  should  be  2.1438  and  ite  ele- 
menta  have  the  ratio  assigned  at  page  266. 

Bichloride  of  Cyanogen, — ^This  compound,  which  is  said  to  contain  twice 
as  much  chlorine  as  the  preceding,  was  prepared  by  SeruUas  by  the  action 
of  dry  chlorine  on  anhydrous  hydrocyanic  acid,  hydrochloric  acid  bein&r  ge- 
nerated at  the  same  time.  It  is  solid  at  common  temperatores,  and  oc- 
curs in  white  acicular  crystals.  At  284°  it  fuses,  and  enters  into  ebullition 
at  374^.  lu  vapour  is  acrid  and  excites  a  flow  of  tears,  and  it  is  very  de- 
structive to  animals.  Ita  odour  somewhat  resembles  that  of  chlorine,  and  is 
very  similar  to  that  of  mice.  It  is  very  soluble  in  alcohol  and  ether,  and 
is  precipitated  from  them  by  water,  which  dissolves  it  in  small  quantity. 
When  boiled  in  water,  or  solution  of  potassa,  it  is  converted  into  hydrochlo- 
ric and  OTanuric  acids.  (An.  de  C^.  et  de  Ph.  xxxviii.  370.)  Recent  re- 
eearches  throw  great  doubt  on  the  composition  of  this  substance  as  stated 
by  SeruUas.  (Page  273.) 

Iodide  of  Cyanogen, — ^This  compound  was  discovered  by  Davy  in  1616. 
(Quarterly  Journal  of  Science,  i.  289.)  and  since  studied  by  SeruUas,  who 
recommended  for  ita  preparation  the  foUowing  process.  (An.  de  Ch.  et  de 
Ph.  xxvii.)  Two  parte  of  bicyanuret  of  mercury  and  one  of  iodine  are  inti- 
mately and  quickly  mixed  in  a  glass  mortar,  and  the  mixture  is  introduced 
into  a  phial  with  a  wide  month.  On  applying  heat  the  violet  vapours  of 
iodine  appear ;  but  as  soon  as  the  bicyanuret  of  mercury  begins  to  be  de- 
oomposed,  the  vapour  of  iodine  is  succeeded  by  white  fumes,  which,  if  re- 
ceived in  a  cool  glass  receiver,  condense  upon  ito  sides  into  flocks  like  cot- 
ton wool.  The  action  is  found  to  be  promoted  by  the  presence  of  a  little 
water. 

Iodide  of  cyanogen,  when  slowly  condensed,  occurs  in  very  long  and  ex- 
ceedingly slender  needles,  of  m  white  colour.  It  has  a  very  caustic  taste  and 
penetratmg  odour,  and  excites  a  flow  of  tears.  It  sinks  rapidly  in  sulphuric 
acid.  It  is  very  volatile  and  sustains  a  temperature  much  higner  than  212° 
without  decomposition,  but  it  is  decomposed  by  a  red  heat  It  dissolves  in 
water  and  alcohol,  and  forms  solutions  which  do  not  redden  Utmus  paper. 
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Alkaliei  act  qboo  it  in  the  mma  muuer  as  on  chloride  of  cyanogen,  a  com- 
pound to  whicn  it  is  very  analogous. 

Sulphurous  acid,  when  water  is  present,  has  a  very  powerful  action  on 
iodide  of  cyanogen.  On  adding  a  few  drops  of  this  acid«  iodine  is  set  firee, 
and  hydrocyanic  acid  produced ;  but  when  more  of  the  sulphurous  acid  is 
employed,  the  iodine  disappears,  and  the  solution  is  found  to  contain  hy- 
driodic  acid.  These  changes  are  of  course  accompanied  with  formation  of 
sulphuric  acid,  and  decomposition  of  water. 

Iodide  of  cyanogen  has  not  been  analyzed  with  accuracy ;  but  Serullas  in. 
fers  fiom  an  approximate  analysis^  that  it  is  composed  of  one  equivalent  of 
iodine  and  one  of  cyanogen. 

Bromide  of  Cyanogen, — ^This  substance  was  prepared  by  Liebig  by  a  pni* 
oess  similar  to  that  described  for  procuring  iodide  of  cyanogen.  At  the  bot- 
tom of  a  small  tubulated  retort,  or  a  rather  long  tube,  is  placed  some  bicy- 
anuret  of  mercury  slightly  moistened,  and  after  cooling  the  apparatus  by 
cold  water,  or  still  better  by  a  freezing  mixture,  a  precaution  which  is  indis- 
pensable in  summer,  half  its  weight  of  bromine  is  introduced.  Strong  reac- 
tion instantly  ensues,  and  heat  is  so  freely  erolved,  that  a  considerable  quan- 
tity of  the  bromine  would  be  dissipated,  unless  the  temperature  of  the  retort 
haid  been  previously  reduced.  The  new  products  are  bromide  of  mercury 
and  bromide  of  cyanogen,  the  latter  of  which  collects  in  the  upper  part  of 
the  tube  in  the  form  of  lone  needles.  After  allowing  any  vapour  of  bromine, 
which  may  have  risen  at  tne  same  time,  to  condense  and  fall  back  upon  the 
bicyanuret  of  mercury,  the  bromide  of  cyanogen  is  expelled  by  a  gentle 
heiU,  and  collected  in  a  recipient  caiefullir  cool^. 

As  thus  formed,  the  bromide  is  crystallized,  sometimes  in  small  regular 
colourless  and  transparent  cubes,  and  sometimes  in  long  and  very  slender 
needles.  In  its  physical  properties  it  is  so  very  similar  to  iodide  of  cyanogen, 
that  thev  may  easily  be  mistaken  for  each  other,  especially  when  the  crys- 
tals of  tne  bromide  possess  the  acicukr  form.  They  agree  dosely  in  odour 
and  volatility,  but  the  bromide  ie  even  more  volatile  than  the  iodide  of  cya- 
nogen. It  is  converted  into  vapour  at  59^,  and  crystallizes  suddoily  on  cod- 
ing. Its  solubility  in  water  and  alcohol  is  likewise  greater  than  that  of 
iodide  of  cyanogen.  By  a  solution  of  caustic  potassa  it  is  converted  into 
cyanate  of  potassa  and  bromide  of  potassium. 

Bromide  of  cyanogen  is  highly  deleterious.  A  grain  of  it  dissolved  in  a 
little  water,  and  introduced  into  the  oesophagus  of  a  rabbit,  proved  fatal  on 
the  instant,  actinsr  with  the  same  rapidity  as  hydrocyanic  acid.  In  conse- 
quence of  the  vowtility  and  noxious  qualities  of  the  aubstance,  experiments 
with  it  should  be  conducted  with  great  circumspection.  The  danger  from 
this  cause,  together  with  a  de6cient  supply  of  bromine,  prevented  Serullas 
from  continuing  the  investigation  of  its  properties.  (Edin.  Journal  of 
Science,  vii.  189.) 

Hydrasulphocyanie  Acid. — ^This  acid  was  discovered  in  1808  by  Mr.  For- 
rett,  who  ascertained  that  it  is  a  compound  of  sulphur,  carbon,  hydrogen, 
and  nitrogen,  and  dracribed  it  under  the  name  of  ndphuretted  ehyazic  aeid^ 
the  term  chyaxic  being  composed  of  the  initials  of  carbon,  hydrogen,  and 
azote.  It  is  now  generally  called  nU^ioeyamie  or  hydrosuiphoeyanie  acid. 
It  may  be  procured  by  distilling  a  strong  solution  of  sulphocyanuret  of 
potassium  with  phosphoric  acid ;  when  bydrosulpl^yanic  acid  passes  ovor 
mto  the  recipient,  and  phosphate  of  potassa  remains  in  the  retort :  sulphuric 
acid  may  be  substituted  for  the  phosphoric,  bat  in  that  ease  sulphurous  acid 
is  generated.  Another  process  is  to  suspend  recentlv  formed  sulphocyanuret 
of  silver  or  mercury  in  water,  and  transmit  through  it  a  current  of  hydro- 
sulphuric  acid  gas;  when,  by  an  intercliange  of  elements,  sulphuret  of  silver 
or  mercury  and  hydrosulphocyanic  acid  are  produced.  The  solution  is  fil- 
tered, and  the  excess  of  gas  expelled  by  a  geii^e  heat,  or  a  small  quantity  of 
sulphocyanuret  of  silver.  (Berzelius.) 

The  solution  of  hydrosulphocyanic  acid  is  either  colourless  or  has  a  shade 
of  pink,  and  its  odour  somewhat  resembles  that  of  vinegar.    The  strongest 
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solalion  of  it  which  Mr.  Ponett  ooold  obtain  had  a  sp.  giavity  of  1 039L 
At  2I&50  U  boils,  and  at  5i^°  it  crystallizes  in  six-sided  prisms. 

Tboa|fh  it  contains  the  elements  of  hydrocyanic  add,  it  is  quite  distinct 
from  it  m  its  characters;  it  is  mach  less  poisonous,  is  disUnclly  acid  to  the 
taste  and  test  paper,  and  neutralizes  alkalies.  Like  most  of  the  hydracids, 
it  refuses  to  miite  with  many  of  the  metallic  oxides,  because  its  radical 
unites  by  preference  with  the  metal,  and  its  hydrogen  with  the  oxygen  of 
the  oxides. 

Hydroaulphocyanic  acid  is  easily  detected  by  a  salt  of  the  peroxide  of 
iron,  with  which  it  gi?es  a  deep  blood-red  solution.  With  a  salt  of  copper 
it  yields  a  white  precipitate,  which  is  a  sulphocyanuret  of  that  metal.  It  is 
gradually  deprived  of  its  hydrosren  by  exposure  to  the  atmosphere,  and  the 
sume  change  is  rapidly  enectea  by  chlorine  or  nitric  acid,  bisulphurct  of 
cyanogen  han^  precipitated. 

The  composition  01  this  hydracid,  as  given  at  page  266,  is  on  the  autho- 
rity of  Porrett  and  Bemlius.  (An.  of  PhiL  xiiL,  and  An.  de  Ch.  et  de 
Ph.  xvi.) 

Buttlpkuret  of  Cjfanogen, — ^This  compound  is  the  hose  or  radical  of  hy- 
drosulphocyanic  acid,  and  was  obtained  in  a  separate  state  by  Liebig.  (An. 
de  Ch.  et  de  Ph.  xli.  187.)  It  was  prepared  by  exposinff  fused  sulphocyanu- 
ret  of  potassium  to  a  current  of  dry  chlorine  gas.  Reaction  readily  en- 
sued, and  at  first  chloride  of  sulphur  and  bichloride  of  cyanogen  distilled 
over;  but  at  length  a  red  vapour  appeared,  which  collected  as  a  red  or 
orange-coloured  substance  in  the  upper  part  of  the  tube.  In  this  state  it 
contained  some  free  sulphur,  which  was  in  a  great  measure  removed  by 
heating  it  in  dry  chlorine  gas;  when  it  acquired  an  orange  tint,  and  in 
powder  was  yellow.  It  had  then  so  nearly  the  constitution  of  bisulphuret 
of  cyanogen,  that  there  can  be  little  doubt  of  its  being  such.  When  heated 
with  pptassium,  the  action  is  exceedingly  violent,  and  three  compounds,  sul- 
phocyanuret, sulphuret,  and  cyanuret  of  potassium  are  generated. 

If  a  solution  of  hydrosulphocyanic  acid  is  exposed  to  the  air,  a  yellow 
matter  gradually  collects,  wnichWOhler  conceived  to  be  a  compound  of  sul- 
phur and  hydrosulphocyanic  acid,  but  which  Liebig  considers  bisulphuret 
of  cyanogen.  It  is  formed  freely  by  boiling  sulphocyanuret  of  potassium 
with  dilute  nitric  acid,  the  best  proportions  being  1  part  of  the  salt,  3  of 
water,  and  2  or  2.5  of  nitric  acid;  for  if  the  nitric  acid  be  too  strong  or  in 
too  great  excess,  the  yellow  compound  will  not  be  formed.  It  is  also  gene- 
rated by  the  action  of  chlorine  on  a  strong  solution  of  the  salt  In  fact,  the 
oxygen  of  the  air,  nitric  acid,  and  chlorine,  act  upon  sulphocyanic  acid  in 
the  same  manner  as  on  hydriodic  and  hydrosulphuric  acids.  The  yellow 
matter  retains  water  with  obstinacy. 

Cyano-hydrosulphurie  Acid. — ^When  hydrosulphuric  acid  gas  is  trans- 
mitted into  a  saturated  solution  of  cyanogen  in  alcohol,  the  liquid  acquires 
a  reddish-brown  tint,  and  in  a  short  time  numerous  small  crystals  of  an 
orange-red  colour  are  generated.  At  page  266  I  have  represented  this  acid 
as  a  compoynd  of  t^anogcn  with  hydrosulphuric  acid;  but  Wobler  and 
Liebig,  who  analjrzed  it,  consider  it  rather  as  a  hydracid  differing  from  the 
hydrosulphocyamc,  only  in  containing  two  equivalents  of  hydrogen  instead 
of  one.  The  red  crystals  consist  of  three  eq.  of  the  acid  and  one  eq.  of 
water,  and  dissolve  in  alcohol  and  water  at  a  boiling  temperature,  but  are 
sparingly  soluble  in  both  liquids  when  cold.  The  acid  appears  to  unite 
directly  with  some  metallic  oxides;  but  with  others  a  sulphocyanuret  is 
formed.  Frequently,  as  with  acetate  of  oxide  of  lead,  a  sulphuret  and  sul- 
phocyanuret of  the  metal  are  formed  at  the  same  time.  (An.  de  (^.  ct  de 
Ph.  xlix.  21.) 

Suljpkurei  of  Cyanogen, — Another  sulphuret  of  cyanogen,  different  from 
that  lust  described,  was  discovered  in  1828  by  M.  Lassaigne.  It  was  pre- 
pared by  the  action  of  bicvannrct  of  mercury  in  fine  powder  with  half  its 
weight  of  bichloride  of  sulphur,  confined  in  a  small  glass  globe,  and  ex- 
po8«i  for  two  or  three  weeks  to  day-light    A  small  quantity  of  crystals, 
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rittm  is  first  generated  by  an  interchange  of  elements  with  a  portion  of  bisal- 
phoret  of  carbon,  carbonic  acid  being  produced  at  the  same  time^ — ^Thos 

S  eq.  potoflM  Ac  1  eq.  bifutph.  carbon  3  8  eq.  aalpbaret  potanium  it  1  eq.  carb.  acid. 
8(ir+0)  d+as        S  2(K+S)  C+20. 

If  the  bisuipharet  of  carbon  is  in  sufficient  quantity,  carbonic  acid  gas  is 
disengaged,  and  a  neutral  compound  results.  Such  is  inferred  to  be  the 
nature  of  the  change,  agreeably  to  the  researches  of  Berzelius  on  the  sul- 
phur-salts.  The  action  of  potassa  on  bisulphurct  of  carbon  has  been  studi^ 
by  M.  Zeise,  Professor  of  Chemistry  at  Copenhagen,  who  inferred  the  pro- 
duction of  a  peculiar  hydracid,  composed  of  carbon,  sulphur,  and  hydrogen, 
which  he  thought  was  united  with  potassa;  but  the  more  probable  explana- 
tion of  the  phenomena  is  that  above  given.    (An.  of  Phil.  zz.  241.) 

Sulahuret  tf  PAotpAonis. — ^When  sulphur  and  fused  phosphorus  are 
brought  into  contact  they  unite  re^ily,  but  in  proportions  which  have  not 
been  precisely  determined;  and  they  frequently  react  on  each  other  with 
such  violence  as  to  cause  an  explosion.  For  this  reason  the  experiment 
should  be  made  with  a  quantity  of  phosphorus  not  exceeding  30  or  40 
grains.  The  phosphorus  is  placed  in  a  glass  tube,  five  or  six  inches  long, 
and  about  half  an  inch  wide ;  and  when  by  a  gentle  heat  it  is  liquefied,  the 
sulphur  is  added  in  successive  small  portions.  Heat  is  evolved  at  the  mo- 
ment of  combination,  and  hydrosulphuric  and  phosphoric  acids,  owing  to 
the  presence  of  moisture,  are  generated.  Thb  compound  may  also  be  made 
by  agitating  flowers  of  sulphur  with  fused  phosphorus  under  water.  The 
temperature  should  not  exceed  160^;  for  otherwise  hydrosoli^uric  and 
phosphoric  acids  would  be  evolved  so  freely  as  to  prove  dangerous,  or  at  least 
to  interfere  with  the  success  of  the  process. 

Sulphuret  of  phosphorus,  from  the  nature  of  its  elements,  is  highly  com- 
bustible. It  is  much  more  fusible  than  phosphorus.  A  compound  made  by 
Mr.  Faraday  with  about  5  parts  of  sulphur  and  7  of  phosphorus  was  quite 
fluid  at  32^,  and  did  not  solidify  at  2(P  F.  (Quarterly  Journal,  iv.) 

BisuZpAuret  of  SeUnium. — Bulphur  and  selenium  mix  together  in  all  pro- 
portions by  fusion,  and,  therefore,  by  such  means  it  is  difficult  to  procure  a 
definite  compound;  but  the  bisulphuret  of  an  orange  colour  was  formed  by 
Berxelius  by  precipitating  a  solution  of  selenious  acid  with  hydrosulphuric 
acid.  The  sulphuret  found  by  Stromeyer  among  the  volcanic  products  of 
the  Lipari  isles  is  probably  similar  in  composition.  Bisulphuret  of  selenium 
fiises  at  a  heat  a  little  above  212^,  and  at  a  higher  temperature  may  be 
sublimed  without  change.  In  the  open  air  it  takes  fire  when  heated,  and 
sulphurous,  selenious,  and  selenic  acids  are  the  products  of  its  combustion. 
The  -alkalies  and  soluble  metallic  sulphurets  dissolve  it  Nitric  acid  acts 
upon  it  witii  difficulty;  but  the  nitro-hydrochloric  converts  it  into  sulphuric 
and  selenious  acids.    (An.  of  Phil,  xiv.) 

SeUniuret  of  Phosphorus. — ^This  compound  may  be  prepared  in  the  same 
manner  as  the  sulphuret  of  phosphorus;  but  as  selenium  is  capable  of 
imiting  with  phosphorus  in  several  proportions,  the  compound  formed  by 
fusing  them  together  can  hardly  be  supposed  to  be  of  a  definite  nature. 
This  seleniuret  is  very  fusible,  sublimes  without  change  in  close  vessels,  and 
is  inflammable.  It  cfecomposes  water  gradually  when  digested  in  it,  giving 
rise  to  seleniuretted  hydrogen,  and  one  of  tbe  adds  of  phosphorus. 


METALS. 

GENERAL  PROPERTIES  OF  METALS. 

McTALS  are  distinguished  from  other  substances  by  the  foUowiog  proper- 
ties. They  are  all  conductors  of  electricity  and  heat.  When  the  compounds 
which  they  form  with  oxygen,  chlojrine,  iodine,  sulphur,  and  sMn^ar  sub- 
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biting  to  the  tongue  and  of  a  penetrating  odoar,  collected  in  the  upper  part  of 
the  vessel,  which  formed  red^cobnred  compounds  with  persalts  of  iron.  Its 
constitution  has  not  been  accurately  determined;  and  the  attempts  of  Liebig 
to  prenare  it  were  unsncoessAiI.    (An.  de  Ch.  et  de  Ph.  xxziz.) 

Ifyaroatlenioeyanie  Acid, — The  radical  of  this  acid  was  obtained  by 
Benelius  in  combination  with  potassium,  but  he  could  not  obtain  the  acid 
hi  a  separate  state.  It  nMiy  be  regarded  as  a  hjdracidf  of  which  seleniuret 
of  cyanogen  is  the  radicaL 


SECTION  VII. 

COMPOUNDS  OF  SULPHUR  WITH  CARBON,  &c. 

The  compounds  described  in  this  section  are  thus  constituted: 

Equi?.         Formulae, 
Bisulph.  of  carbon        Carb.    6.12  +  Sulp.32i2ds38.32.    C+8SorCS'. 
Sulph.  of  phosphorus.  Composition  uncertain. 

fiisulph.  of  selenium    Selen.  39.6  +  Sulp.  32i2=s71.8.     Se+2Sor  SeS-J. 
Selen.  of  phosphorus.  Composition  uncertain. 

Bitulfikuret  of  Carbon^ — ^This  substance  was  discovered  accidentally  in 
the  year  1796  by  Professor  Lampadins,  who  regarded  it  as  a  compound  of 
sulphur  and  hydrogen,  and  termed  it  alcohol  of  oulphur.  Clidmcnt  and  De- 
sormcs  first  declared  it  to  be  a  sulphuret  of  carbon,  and  their  statement  was 
fully  confirmed  by  the  joint  researches  of  Berzelius  and  the  late  Dr.  Maroet. 
(Phil.  Trans.  1813.) 

Bisolphuret  of  carbon  may  be  obtained  by  heating  in  dose  ressels  native 
bisulphuret  of  iron  (iron  pyrites)  with  one-fiflh  of  its  weight  of  weR*dricd 
charcoal;  or  by  transmitting  the  vapour  of  sulphur  over  fragments  of  char* 
coal  heated  to  redness  in  a  tube  of  porcelain.  The  compound,  as  it  is  form- 
ed, should  be  conducted  by  means  of  a  glass  tube  ihto  cold  water,  at  the 
bottom  of  which  it  is  collected.  To  free  it  from  moisture  and  adhering 
sulphur,  it  should  be  distilled  at  a  low  temperature  in  contact  with  chloride 
of  calcium. 

Bisulphuret  of  carbon  is  a  transparent  colourless  liquid,  which  is  remark- 
able  for  its  high  refractive  power.  Its  specific  gravity  is  1.272.  It  has  an 
acid,  pungent,  and  somewhat  aromatic  taste,  and  a  very  fetid  odour.  It  is 
exceedingly  volatile; — its  vapour  at  63.5^  supports  a  column  of  mercury  7.36 
inches  long;  and  at  110^  it  enters  into  brisk  ebullition.  From  its  great 
voUtility  it  may  be  employed  for  producing  intense  cold. 

Bisulphuret  of  carbon  is  very  inflammable,  and  kindles  in  tlie  open  air  at 
a  temperature  scarcely  exceeding  that  at  which  mercury  boils.  It  Uums 
with  a  pale  blue  flame.  Admitted  into  a  vessel  of  oxygen  gas,  so  much  va- 
pour  rises  as  to  form  an  explosive  mixture;  and  when  mixed  in  like  manner 
with  binoxide  of  nitrogen,  it  forms  a  combustible  mixture,  which  is  kindled 
on  the  approach  of  a  lighted  taper,  and  burns  rapidly,  with  a  large  greenish- 
white  flame  of  dazzling  brilliancy.  It  dissolves  readily  in  alcohol  and  ether, 
and  b  precipitated  from  the  solution  by  water.  It  dissolves  sulphur,  phos- 
phorus,  and  iodine,  and  the  solution  of  the  latter  has  a  beautifhl  pink  colour. 
CSilorine  decomposes  it,  with  formation  of  chloride  of  sulphur.  The  pure 
acids  have  little  action  upon  it  By  nitro-bydrochloric  acid  it  is  changed 
into  a  white  crystalline  substance  like  camphor,  which  Berzelius  regards  as 
a  compound  of  the  hvdrochloric,  carbonic,  and  sulphurous  acids. 

Bisulphuret  of  carbon  is  a  sulphur  acid,  that  is,  unites  with  oulpkur-ioBet 
to  constitute  compounds  analogous  to  ordinary  salts,  and  hence  called  siii- 
phur-MoUs,  Thus  bisulphuret  of  carbon  unites  with  sulphuret  of  potassium, 
forming  a  sulphur-salt,  m  which  the  former  acts  as  an  acid  and  the  latter  as 
a  base.  The  same  compound  is  formed  by  the  action  of  bisulphuret  of 
'^arbon  on  a  solution  of  pure  potassa;  but  in  this  case  sulphuret  of  potas- 
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nam  is  fint  ^Derated  by  an  interchange  of  elements  with  a  portion  of  bisol- 
I^aret  of  carbon,  carbonic  acid  being-  produced  at  the  same  time^ — ^Tlios 

S  eq.  potaiM  Ac  1  eq.  bifulfrti.  carboD  S  S eq.  solpharet  poUnium  it  lea.  carb. acid. 
8(K+0)  C+2S       •£  2(K+S)  C+20. 

If  the  bisniiAiiret  of  carbon  is  in  sufficient  quantity,  carbonic  acid  gas  is 
disengaged,  and  a  neutral  compound  results.  Such  is  inferred  to  be  the 
nature  of  the  change,  agreeably  to  the  researches  of  Berzelius  on  the  sul- 
phur-salts.  The  action  of  potassa  on  bisulphuret  of  carbon  has  been  studied 
by  M.  Zeise,  Prdessor  of  Chemistry  at  Copenhagen,  who  inferred  the  pro- 
duction of  a  peculiar  hydracid,  composed  of  cartwn,  sulphur,  and  hydrogen, 
which  he  thought  was  united  with  potassa;  bat  the  more  probable  explana- 
tion of  the  phenomena  is  that  above  given.    (An.  of  Phil.  xx.  241.) 

Sulpkurei  ^  Pho9phoru$, — ^When  sulphur  and  fused  phosphorus  are 
brought  into  contact  they  unite  rei^lily,  but  in  proportions  which  have  not 
been  precisely  determined;  and  they  frequently  react  on  each  other  with 
such  violence  as  to  cause  an  explosion.  For  this  reason  the  experiment 
riiould  be  made  with  a  quantity  of  phosphorus  not  exoeedinff  30  or  40 
grains.  The  phosphorus  is  placed  in  a  glass  tube,  five  or  six  inches  long, 
and  about  half  an  inch  wide ;  and  when  by  a  gentle  heat  it  is  liquefied,  the 
sulphur  is  added  in  successive  small  portions.  Heat  is  evolved  at  the  mo- 
ment of  combination,  and  hydrosulphuric  and  phosphoric  acids,  owing  to 
the  presence  of  moisture,  are  generated.  This  compound  may  also  be  made 
by  agitating  flowers  of  sulphur  with  fused  phosphorus  under  water.  The 
temperature  should  not  exceed  160^;  for  otherwise  hydrosulphuric  and 
phosphoric  acids  would  be  evolved  so  freely  as  to  prove  dangerous,  or  at  least 
to  interfere  with  the  success  of  the  process. 

Sulphuret  of  phosphorus,  from  the  nature  of  its  elements,  is  highly  com- 
bustible. It  is  much  more  fusible  than  phosphorus.  A  compound  made  by 
Mr.  Faraday  with  about  5  parts  of  sulphur  and  7  of  phosphorus  was  quite 
fluid  at  32^,  and  did  not  solidify  at  20^  F.  (Quarterly  Journal,  iv.) 

Bitulphuret  of  SeUnium, — Sulphur  and  selenium  mix  together  in  all  pro- 
portions by  fusion,  and,  therefore,  by  such  means  it  is  difficult  to  procure  a 
definite  compound;  but  the  bisulphuret  of  an  orange  colour  was  formed  by 
Berzelius  by  precipitating  a  solution  of  selenious  acid  with  hydrosulphuric 
acid.  The  sulphuret  fbund  by  Stromeyer  among  the  volcanic  products  of 
the  Lipari  isles  is  probably  similar  in  composition.  Bisulphuret  of  selenium 
fiues  at  a  heat  a  little  above  212<^,  and  at  a  higher  temperature  may  be 
sublimed  without  change.  In  the  open  air  it  takes  fire  when  heated,  and 
sulphurous,  selenious,  and  selenic  acids  are  the  products  of  its  combustion. 
The  alkalies  and  soluble  metallic  sulphurets  dissolve  it  Nitric  acid  acts 
upon  it  with  difficulty;  but  the  nitro-hydrochloric  converts  it  into  sulphuric 
and  selenious  anids.    (An.  of  Phil,  xiv.) 

Selemaret  of  PhotphoruB. — ^This  compound  may  be  prepared  in  the  same 
manner  as  the  sulphuret  of  phosphorus;  but  as  selenium  is  capable  of 
tmiting  with  phosphorus  in  several  proportions,  the  compound  formed  by 
fusing  them  together  can  hardly  be  supposed  to  be  of  a  definite  nature. 
This  seleniuret  is  very  fusible,  sublimes  without  change  in  close  vessels,  and 
is  inflammable.  It  cfecomposes  water  gradually  when  digested  in  it,  giving 
rise  to  seleniuretted  hydrogen,  and  one  of  the  acids  of  phoepbonis. 


METALS. 


GENERAL  PROPERTIES  OF  METALS. 

McTALS  are  distinguished  firom  other  substances  by  the  foUowing  proper. 
ties.  They  are  all  conductors  of  electricity  and  heat.  When  the  compounds 
which  they  form  with  oxygen,  chlorine,  ^odine,  sulphur,  and  s^m^ar  sub- 
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Stances,  are  submitted  to  the  action  of  galvaniBm,  the  metals  always  appear 
at  the  negative  side  of  the  battery,  and  are  hence  said  to  be  positive  elec 
tries.  They  are  quite  opaque,  refusings  a  passage  to  light,  though  reduced 
to  very  thin  leaves.  They  are  in  general  good  reflectors  of  light,  and  pos- 
sess a  peculiar  lustre,  which  is  termed  the  metallic  lustre. — Every  substance 
in  which  these  characters  reside  may  be  regarded  as  a  metal. 

The  number  of  metals,  the  existence  of  which  is  admitted  by  chemists, 
amounts  to  fi>rty-two.  The  following  table  contains  the  names  of  those  that 
have  been  procured  in  a  state  of  purity,  tosrether  with  the  date  at  which 
they  were  discovered,  and  the  names  of  the  obemistB  by  whom  the  discovery 
was  made. 

Table  of  the  DUcovery  of  MeidU, 


Naines  of  Metals. 

Authors  of  the  Discovery. 

Dates  of  tbe 
Discovery. 

Gold     .         .     ^ 

Siher   . 

Iron 

Copper         .      > 

Known  to  the  Ancients. 

Mercury 

Lead    . 

Tin      .        .     . 

Antimony    . 

Described  by  Basil  Valentine    . 

1490 

Bismuth       .     . 

Described  by  Agricola  . 

1530 

Zinc     .        .     . 

First  mentioned  by  Paraoelaus 

16th  century 

Arsenic        .      i 

Cobalt.     .    ; 

Brandt           

1733 

Platinum      .      . 

Wood,  assay.master,  Jamaica    . 

1741 

Nickel .        .      . 

Cronstedt 

1751 

Manganese  • 

Gahn  and  Scheele      .... 

1774 

Tungsten     .      . 

D'Elhuyart 

1781 

Tellurium    .      . 

MoUer 

1782 

Molybdenum      . 

Hichn 

1782 

Uranium      .     . 

Klaproth 

1789 

Titanium     .      . 

Gregor 

1791 

Chromium    .     . 

Vauquelin 

1797 

Columbium  .      . 

Hatchett 

1802 

Palladium     . 
Rhodium      .      ' 

WoUaston         .        .        .        .        . 

1803 

Iridium        .      . 

Descotils  and  Smithson  Tennant   . 

1803 

Osmium       .      . 

Smithson  Tennant     .... 

1803 

Cerium        .     . 

Hisinger  and  Berzelius^  • 

1804 

Potassium    . 

Sodium 

Barium        .      > 

Davy 

1807 

Strontium     . 

Calcium        .    ^ 

Cadmium     . 

Stromeyer 

Arfwedson 

1818 

Lithium       .      . 

1818 

Silicium       .      i 
Zirconium    . 

Berzolios 

1824 

Aluminium  .      ^  1 

Glucinium    . 

Wohler 

1828 

Yttrium             '  i 

Thorium      .      . 

BeraeUus 

1829 

Magnesium . 

Bussy       .        .        •        . 

1829 

Vanacliom    • 

Seistrom 

1830 
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Most  of  the  metala  are  remarkable  for  their  great  specific  rravity ;  tome 
c£  theqa,  such  as  gold  and  platinum,  which  are  the  deneest  bodies  known 
in  nature,  being  more  than  19  times  as  heavy  ns  an  equal  bulk  of  water. 
Great  deusitj  was  once  supposed  to  be  an  essential  eharacteristic  ofmetds; 
bfut  the  discovery  of  potassium  and  sodium,  which  are  so  light  as  to  float  on 
the  surface  of  water,  has  shown  that  this  supposition  is  erroneous.  Some 
inetals  experience  an  increase  of  density  to  a  certain  extent  when  hammer- 
ed, their  particles  being  permanently  approximated  by  the  operation.  On 
this  account,  the  density  of  some  of  Uie  metals  contained  in  the  following, 
table  is  represented  as  varying  between  two  extremes. 

TaiUefIke  Specific  Qrawty  ofMetaU  mt  GO^  JP.  ecmpared  to  Water  as  Unity. 

Platinum 
G<^d 
Tungsten 
Mercury 
PaUadium 
Lead 
SUvcr 
Bismuth 
Uranium 
Copper 
Mdybdenum 
Cadmium 
Cobalt 
Nickel 
Manganese 
^ron 
Tin 
2inc 

Antimony 
Tenurium< 
Arsenic 
Titanium 
Sodium 
Potassium 

Some  metals  possess  the  property  of  fnaUeahUity^  that  is,  admit  of  being 
beaten  into  thin  plates  or  leaves  by  hammering.  The  malleable  metals  are 
gdd,  silver,  copper,  tin,  platinum,  palladium,  cadmium,  lead,  linc^  iron, 
nickel,  potassium,  sodium,  and  frozen  mercury.  The  other  metals  are  either 
malleable  in  a  very  small  degree  only,  or,  like,  aqtimony,  arsenic,  and  bis- 
muth, are  actually  brittle.  Gold  surpasses  all  metals  in  malleability :  one 
grain  of  it  may  be  extended  so  as  to  cover  about  62  square  inches  of  surface, 
and  to  have  a  thickness  not  exceeding  at  Aa^^  ^^  ^^  vntiiL 

Nearly  all  malleable  metals  may  be  drawn  out  into  wires,  a  property 
which  is'  expressed  by  the  term  dvctUity,  The  only  metals  which  are 
remarkable  m  this  respect  are  gold,  silver,  platinum,  iron,  and  copper. 
Wollaston  devised  a  method  by  which  gold  wire  may  be  obtained  so  fine 
that  its  diameter  shall  be  only  -jTAnrth  of  an  inch,  and  that  550  feet  of  it 
are  required  to  weigh  one  grain.  He  obtained  a  platinum  wire  so  small, 
that  its  diameter  did  not  exceed  HTSTTV^  o^">  ^i^ch*  (Philos.  Trans.  1813.) 
It  is  singular  that  the  ductility  and  malleability  of  the  same  metal  are  not 
alw^s  in  proportion  to  each  other.  Iron,  for  example,  cannot  be  made  into 
line  leaves,  but  it  may  be  drawn  into  very  small  wires. 

Hie  tenacity  of  metab  is  measured  by  ascertaining  the  flreatest  weight 
which  a  wire  of  a  certain  thickness  can  support  without  breuiog.  Accord- 
ing to  the  experiments  of  Gn/ton-Morveau,  whose  results  are  comprised  in 
the  following  taUe,  iron,  in  point  of  tenacity,  surpasses  all  oth«r  metals. 

84» 


30.98 

Brisson. 

19ii57 

Do. 

17,6 

D'Elhnyart 

13.568 

Brisson. 

11.3  to  11.8 

.   WoUaston. 

11.352 

.    Brisson. 

10.474 

Do. 

9.822        . 

Do. 

9.000 

Buchholx. 

8.895 

Hatchett 

a6l5  to  8.636  . 

Buchholx. 

a604 

Stromeyer, 

8.538        . 

Hafiy. 

8579 

Ricbter. 

8.013 

John. 

7.788 

Brisson, 

7i»l 

Do. 

6.861  to  7.1 

Do. 

6.702 

Do. 

6.115 

Klaproth. 

5.8843      . 

Turner. 

5.3 

Wollaston. 

0^72  i     . 

.     \  Gay-Lussac  and 
)  Thenard. 

0.865  J     . 

289 


GBUnAL  PROPSRTIKS  Or  MTTALS. 


The  diameter  of  each  win  was  0.787th  of  a  line. 

Iron  wire  anpporto 

Copper       ..... 
Platinom  .... 

Silver  ..... 

Gold 

Zine  ..... 

Tin 

Lead 


Poonda. 
549^ 
302i278 
274.33 
187.137 
150.753 
109.54 
34.63 
27.621 


Metals  differ  alao  in  hardneaa,  but  I  am  not  aware  that  their  exact  relation 
to  each  other,  under  this  point  of  view,  has  been  determined  by  experiment. 
In  the  list  of  hard  metala  may  be  placed  titanium,  manganeae,  iron,  nickel, 
copper,  zinc,  and  palladium.  Giold,  silver,  and  platinum,  are  softer  than  these ; 
lead  is  aoAer  still,  and  potaasium  and  sodium  yield  to  the  pressure  of  the 
foigers.  The  properties  of  elasticity  and  sonorouiiness  are  allied  to  that  of 
hardness.    Iron  and  copper  are  in  tnese  respects  the  most  conspicuous. 

Many  of  the  metala  have  a  distinctly  crystalline  texture.  Iron,  for  exam- 
ple, is  fibrous ;  and  zinc,  bismuth  and  antimony  are  lamellated.  Metals  are 
sometimes  obtained  also  in  crystals ;  and  most  of  them  in  crystallizing,  as- 
sume the  figure  of  a  cube,  the  regular  oetohedron,  or  some  form  allied  to  it 
Goldt  silver,  and  copper,  occur  naturally  in  crystals,  while  others  crystal- 
lize  when  they  pass  gradually  from  the  liquid  to  the  solid  condition.  Urys- 
tals  are  most  readily  procured  Srom  those  metals  which  fuse  at  a  low  tem- 
perature; and  bismuth,  from  conducting  heat  less  perfectly  than  other 
metals,  and,  therefore,  cooling  more  slowly,  is  best  fitted  for  the  purpose. 
The  process' should  be  conducted  in  the  way  already  described  for  forming 
crystals  of  sulphur.  (Page  191.) 

Metals,  with  the  exception  of  mereunr,  are  solid  at  common  lempenu 
tnres ;  but  they  may  all  be  liquefied  by  heat  The  degree  al  which  they 
/tiae,  or  their  point  of  funon^  is  very  different  for  different  metala,  as  ap- 
pears firom  the  following  table. 

ThbU  of  the  FuotbUU^  of  different  MetaU. 
Fahr. 


Fusible  below  a 
red  heat 


about 


—390 
136 
190 
442 
442 
497 
612 


Different  chemists. 

fGay-Lussac  and  Tlie- 
nard. 
Stromeyer. 


Crichton. 


Klaproth. 


InfosiUe  bebw  a 
red  heat 


^Mercury 
Potassium 
[Sodium 
Imium 
;m  . 
ffiismuth   . 
Lead 
^Tellurium — ^rather  less 

fiisiblo  than  lead. 
I  Arsenic — undetermined. 
'Zinc 
Antimony — a  little  below 

a  red  heat 
'SUver  .        .        1873" 

Copper     .        .  1996  1 

iGoId         .        .        .       2016  1 
Uron,cast  .        2786 , 

llnrn,  malleable         .     )  Requiring  the  highesl  heal  of 
^Manganese  .     >     a  amith's  fivge. 

Tt^rather  leas  fii- 
siUe  than  iron. 
Nieke^— nearly  the  1 
Palladiam 


773      Daniell. 


DanielL 
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Molybdenum*!  Almost  infiisible,  and  not*^  Fnaible    bs- 
Uranium         I      to  be  procured  in  but- 1  fore  the  oxy« 
Tungsten        |      tons  by  the  heat  of  a  |  hydroiren 
iChromium     J      smith^a  forge.  J  blowpipe. 


Infusible  in  the  heat  of  a  smith's  forge,  but 
fusible  before  the  oxy-hjdrogen  blow* 
pipe. 


Infusible  below  a  J^Si?!^ 
red  heat       <S!"V" 
^Osmium 

Iridium 
Rhodium 
Platinum 
^Columbium 

Metals  differ  also  in  Tolatili^y.  Some  are  readily  volatilized  by  heat, 
while  others  are  of  so  fixed  a  nature  that  they  may  be  exposed  to  the  most 
intense  heat  of  a  wind  furnace  without  being  dissipated  in  vapour.  There 
are  seven  metals,  the  volatility  of  which  has  been  ascertained  with  certainty; 
namely,  cadmium,  mercury,  arsenic,  tellurium,  potassium,  sodium,  and  zinc. 

Metals  cannot  be  resolved  into  more  simple  parts ;  and,  therefore,  in  the 
present  state  of  chemistry,  they  must  be  regarded  as  elementanr  bodies.  It 
was  formerly  conceived  that  they  might  be  converted  into  each  other ;  and 
this  notion  led  to  the  vain  attempts  of  the  alchemists  to  convert  the  baser 
metals  into  gold.  The  chemist  has  now  learned  that  his  art  solely  consists 
in  resolving  compound  bodies  into  their  elements,  and  causing  substances 
to  unite  which  were  previously  uncombined.  One  elementary  principle  can- 
not  assume  the  properties  peculiar  to  another. 

Metals  have  an  extensive  range  of  affinity,  and  on  this  account  few  of 
them  are  found  in  the  earth  Tiative,  that  is,  in  an  uncombined  form.  They 
commonly  occar  in  combination  with  other  bodies,  especially  with  oxygen 
and  sulphur,  in  which  state  they  are  said  to  be  mineralized.  It  is  a  singu- 
lar  fiict  in  the  chemical  history  of  the  metals,  that  they  are  little  disposed  to 
combine  in  the  metallic  state  with  compound  bodies,  such  as  an  oxide  or  an 
acid.  They  unite  readily,  on  the  contrary,  with  elementary  substances. 
Thus,  they  oflen  combine  with  each  other,  yielding  compounds  termed  aU 
loM^  which  possess  all  the  characteristic  physical  properties  of  pure  metals. 
Tney  unite  likewise  with  the  simple  substances  not  metallic,  such  as  oxy- 
gen,  chlorine,  and  sulphur,  giving  ripe  to  new  bodies  in  which  the  metallic 
character  is  wholly  wanting.  In  all  these  combinations,  the  same  tendency 
to  unite  in  a  few  definite  proportions  is  equally  conspicuous  as  in  that  de> 
partment  of  the  science  of  which  I  have  just  completed  the  description.  The 
chemical  changes  are  regulated  by  the  same  general  laws,  and  in  describing 
ihem  the  same  nomenclature  is  Applicable. 

The  order  which  it  is  proposed  to  follow  in  describing  the  metals  has  al- 
ready  been  explained  in  the  introduction ;  but  before  treating  of  each  sepa- 
rately, some  general  observations  may  be  premised,  by  which  the  study  of 
this  subject  will  be  much  facilitated. 

Metals  are  of  a  combustible  nature;  that  is,  they  are  not  only  susceptible 
of  slow  oxidation,  but,  under  favourable  circumstances,  they  unite  rapidly 
with  oxygen,  giving  rise  to  all  the  phenomena  of  real  combustion.  Zinc 
bums  with  a  brilliant  flame  when  heated  to  full  redness  in  the  open  air ; 
iron  emits  vivid  scintillations  on  being  inflamed  in  an  atmosphere  of  oxj- 
gen  pras ;  and  the  least  oxidable  metals,  such  as  gold  and  platinum,  scmtil- 
kte  in  a  similar  manner  when  heated  by  the  oxy-hydrogen  blowpipe. 

The  product  either  of  the  slow  or  rapid  oxidation  of  a  metal,  wnen  heated 
in  the  air,  has  an  earthy  aspect,  and  was  c^ed  a  calx  by  the  older  chenlists, 
the  process  of  forming  it  being  expressed  by  the  term  caldnaium.  Another 
metnod  of  oxidizing  metals  is  by  deflagration;  that  is,  by  mixing  them  with 
nitrate  or  chlorate  of  potassa,  and  projecting  the  mixture  into  a  red-hot  cm., 
cihle.  Most  metals  may  be  oxidized  by  digestion  in  nitric  acid ;  and  nitro- 
hydrochloric  acid  is  an  oxidizing  a|fent  of  still  greater  power. 

Some  metals  unite  with  oxygen  m  one  proportion  only,  but  most  of  them 
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have  two  or  three  degrees  of  oxidation.  Metals  dififer  remarkably  in  their 
reUtiTe  forces  of  attraction  for  ozyffen.  Potassiam  and  sodium,  for  example, 
are  oxidised  by  mere  exposure  to  the  air ;  and  they,  decompose  water  at  all 
temperatures,  the  instant  they  come  in  contact  with  it  Iron  and  copper 
may  be  preserved  in  dry  air  without  change,  nor  can  they  decompose  water 
at  common  temperatures ;  but  they  are  both  slowly  oxidized  by  exposure  to 
a  moist  atmosphere,  and  combine  rapidly  with  oxygen  when  heated  to  red- 
ness in  the  open  air.  Iron  has  a  stronger  affinity  for  oxysen  than  copper ; 
for  the  former  decomposes  water  at  a  red  heat,  whereas  the  latter  Cannot 
produce  that  effect  Mercury  is  less  inclined  thui  copper  to  unite  with  oxy- 
gen. Thus  it  may  be  exposed  without  change  to  the  influence  of  a  moist 
atmosphere.  At  a  temperature  of  650^  or  700^  it  is  oxidized ;  but  at  a  red 
heat  it  is  reduced  to  the  metallic  state,  while  oxide  of  copper  can  sustain  the 
strongest  beat  of  a  blast  furnace  without  losing  its  oxygen.  The  affinity  of 
gold  for  oxygen  is  still  weaker  than  that  of  mercury ;  for  it  will  bear  the 
most  intense  heat  of  our  furnaces  without  oxidation. 

Metallic  oxides  suffer  reduction,  or  may  be  reduced  to  the  metallic  state 
in  several  ways : 

1.  By  heat  alone.  By  this  method  the  oxides  of  gold,  silver,  mercury,  and 
platinum  may  be  decomposed. 

2.  By  the  united  agency  of  heat  and  combustible  matter.  7*hus,  by  trans- 
mitting a  current  of  h vdrogen  gas  over  the  oxides  of  copper  or  iron  heated 
to  redness  in  a  tube  of  porcelain,  water  is  generated,  and  the  metals  are  ob- 
tained  in  a  pure  form.  Carbonaceous  matters  are  likewise  used  for  the  pur- 
pose with  great  success.  Potassa  and  Roda,  for  example,  may  be  decomposed 
by  exposing  them  to  a  white  heat  after  being  intimately  mixed  with  char- 
coal in  fine  powder.  A  similar  process  is  employed  in  metallurp^y  for  ex- 
tracting  metals  from  their  ores,  the  inflammable  materials  bemg  wood« 
charcoal,  coke,  or  coal.  In  the  more  delicate  operations  of  the  laboratory, 
charcoal  and  black  flux  are  preferred. 

3.  By  the  galvanic  battery.  This  is  a  still  more  powerful  agent  than  the 
preceding ;  since  some  oxides,  such  as  baryta  and  strontia,  which  resist  tho 
united  influence  of  heat  and  charcoal,  are  reduced  by  the  agency  of  gal* 
vanism. 

4  By  the  action  of  deoxidizing  agents  on  metallic  solutions.  Phosphorous 
add,  for  example,  when  added  to  a  liquid  containing  oxide  of  mercury,  de- 
prives the  oxide  of  its  oxygen,  metallic  mercury  subsides,  and  phosphoric 
acid  is  generated  In  like  manner,  one  metal  may  be  precipitated  by 
another,  provided  the  affinity  of  the  latter  for  oxygen  exceeds  that  of  tfaie 
former.  Thus,  when  mercury  is  added  to  a  solution  of  nitrate  of  the  oxide  of 
silver,  metallic  silver  is  thrown  down,  and  oxide  of  mercury  is  dissolved  by  the 
nitric  acid.  On  placing  metallic  copper  in  the  liquid,  pure  mercury  subsides, 
and  a  nitrate  of  tlie  oxide  of  copper  is  formed ;  and  from  this  solution  metal- 
lic copper  may  be  precipitated  by  means  of  iron. 

Metals,  like  the  simple  non-metallic  bodies,  msy  give  rise  to  oxides  or 
acids  by  combining  with  oxygen.  The  former  are  Uie  most  frequent  pro- 
ducts. Many  meUls  which  arc  not  acidified  by  oxygen  may  be  formed 
into  oxides ;  whereas  one  metal  only,  arsenic,  is  capable  of  forming  an  acid 
and  not  an  oxide.  All  the  other  metab  which  are  convertible  into  acids  by 
oxygen,  such  as  chromium,  tungsten,  and  molybdenum,  are  also  suscepti- 
ble of  yielding  one  or  more  oxides.  In  these  instances,  the  acids  always 
eontain  a  larger  quantity  of  oxyflfen  than  the  oxides  of  the  same  metal. 

Many  of  the  metallic  oxides  have  the  property  of  combining  with  acido. 
In  some  instances  all  the  oxides  of  a  metal  are  capable  of  forming  salts 
with  acids,  as  is  exemplified  by  the  oxides  of  iron ;  but,  generally,  the 
protoxide  is  the  sole  alkaline  or  aal\fiabU  hate.  Most  of  the  metallic  oxides 
are  insoluble  in  water;  but  all  those  that  are  soluble  have  the  property  of 
giving  a  brown  stain  to  yellow  tormerlc  psper,  and  of  restoring  toe  blue 
oolonr  of  reddened  litmus. 
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Oxides  tonetimea  unite  witii  each  other,  and  form  definite  compounds. 
The  most  abundant  ore  of  chromium,  commonlpr  called  chromate  of  iron,  ia 
an  instance  of  this  kind ;  and  the  red  and  sesquiozide  of  manganese,  and  the 
red  oiide  of  lead  appear  to  belong  to  the  same  class  of  bodies. 

Chlorine  has  a  powerful  affinity  for  metallic  substances.  It  combines 
readily  with  most  metals  at  common  temperatures,  and  the  action  is  in  many 
instances  so  violent  as  to  be  accompanied  with  the  evolotion  of  light  For 
example,  when  powdered  ssinc,  arsenic,  or  antimony  is  thrown  into  a  jar  of 
chlorine  gas,  the  metal  is  instantly  inflamed.  The  attraction  of  chlorine  for 
metals  even  surpasses  that  of  oxypfen.  Thus,  when  chlorine  is  brought  into 
contact  at  a  red  heat  with  pure  lime,  magnesia,  baryta,  strontia,  potassa,  or 
aoda,  oxygen  is  emitted,  and  a  chloride  of  the  metal  is  generated,  the  ele- 
ments of  which  are  so  strongly  united  that  no  temperature  hitherto  tried 
can  separate  them.  All  other  metallic  oxides  are,  with  few  exceptions, 
acted  on  in  the  same  manner  by  chlorine,  and  in  some  cases  the  change 
takes  place  below  the  temperature  of  ignition. 

Most  of  the  metallic  chlorides  are  solid  at  common  temperatures.  They 
are  fusible  by  heat,  assume  a  crystalline  texture  in  cooling,  and  under 
ftrourable  circumstances  crystallize  with  regularity.  ScTeral  of  them,  such  as 
the  chlorides  of  tin,  arsenic,  antimony,  and  mercury,  are  ▼oJatile,  and  may 
be  sublimed  without  change.  They  are  for  the  most  pert  colourless,  do  not 
possess  the  metallic  lustre,  and  have  the  aspect  of  a  salt  Two  of  the  chlo. 
rides  are  insoluble  in  water,  namely,  chloride  of  silver  and  protochloride  of 
mercury;  several,  such  as  the  chlorides  of  antimony,  arsenic,  and  titanium, 
are  decomposed  by  that  liquid ;  but  most  of  them  are  more  or  less  soluble. 

Some  of  the  metallic  chlonrides,  those  especially  of  gold  and  platinum,  are 
decomposable  by  heat  All  the  chlorides  of  the  common  metals  are  decom- 
posed at  a  red  heat  by  hydrogen  gas,  hydrochloric  acid  being  disengaged 
while  the  metal  is  set  free.  Pure  charcoal  does  not  effect  their  decoroposi. 
tion ;  but  if  moisture  be  present  at  the  same  time,  hydrochloiic  and  carbonic 
acid  gases  are  formed,  and  the  metal  remains.  They  resist  the  action  of 
anhydrous  sulphuric  acid ;  but  ail  the  chlorides,  excepting  those  of  silver 
apd  mercury,  are  readily  decomposed  by  hydrated  sulphuric  scid,  with 
disengagement  of  hydrochloric  acid  gas.  The  change  is  accompanied  with 
decomposition  of  water,  the  hydrogen  of  which  combines  with  chlorine, 
and  its  oxygen  with  the  metal.  All  chlorides,  when  in  solution,  may  be 
recognized  by  yielding,  with  nitrate  of  oxide  of  silver,  a  white  precipitate, 
which  is  chloride  of  silver. 

Metallic  chlorides  may  in  most  cases  be  formed  by  direct  action  of  chlo- 
rine on  the  pure  metals.  They  are  also  fVequently  procured  by  dissolving 
metallic  oxides  in  hydrochloric  acid,  evaporating  to  dryness,  and  applying 
heat  so  long  as  any  water  is  expelled.  Metallic  chlorides  are  often  depoaiU 
ed  from  such  solutions  by  crystallization. 

Chlorine  manifests  a  feeble  affinity  for  metallic  oxides.  No  combination 
of  the  kind  occurs  at  a  red  heat,  and  no  chloride  of  a  metallic  oxide  can  be 
heated  to  redness  without  decomposition.  Such  compounds  can  only  be 
formed  at  low  temperatures;  and  they  are  possessed  of  little  permanency. 
Chlorine  may  combine  under  favourable  circumstances  with  the  alkalies  and 
alkaline  earths ;  and  M.  Grouvelle  has  succeeded  in  making  it  unite  with 
the  oxides  of  zinc,  copper,  and  iron.  (An.  de  Ch.  et  de  Fh.  zvii.)  Of  these 
chlorides,  that  of  potassa  may  be  taken  as  an  example.  If  chlorine  is  con* 
ducted  into  a  dilute  and  cold  solution  of  pure  potassa,  the  chloride  of  that 
alkali  will  be  produced ;  but  the  affinity  which  gives  rise  to  its  formation  is 
not  sufficient  for  rendering  it  permanent  It  is  destroyed  by  most  sub- 
stances that  act  on  either  of  its  constituents.  The  aiklition  of  an  acid 
produces  this  effisct  by  combining  with  the  alkali,  and  henoe  the  chlorine  ia 
separated  by  the  carbonic  acid  of  the  atmosphere.  Animal  or  vegetable 
ccHOuring  matters  are  fiital  to  the  compound  by  giring  chlorine  an  opporto* 
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nity  to  exert  its  Ueaching  power,  and,  indeed,  the  coloar  is  removed  by  the 
ofaloride  of  potsssa  almost  as  readily  as  by  a  solution  of  chlorine  in  pure 
water.  When  its  solution  is  boiled,  jor  even  concentrated  to  a  certain  poinli 
diloride  of  potassium  and  chlorate  of  potassa  are  venerated.  (Page  211.) 

Berzelius  has  published  some  ingenious  remarks  in  order  to  prove  that 
chlorine  does  not  unite  with  metallic  oxides,  and  that  the  bleaching  com- 
pounds, supposed  to-  be  examples  of  such  a  mode  of  combination,  are  mix- 
tures of  a  metallic  chloride  and  a  chloriC«  of  an  oxide.  The  supposed  chlo- 
rite, when  heated,  passes  into  a  chlorate  and  chloride;  but  if  colouring  mat- 
ter or  an  oxidable  substance  be  present,  the  chlorous  acid  yields  its  oxv^o, 
and  a  metallic  chloride  results.  The  bleachinc*  power  of  Uic  compound  is  of 
ooorse  attributed  to  the  oxygen  which  is  set  at  liberty.  This  point  is  power- 
fiiUy  argued  by  Berzelius,  and  supported  on  well-contrived  experiments;  but 
since  no  decisive  proof  of  the  existence  of  such  a  compound  as  chlorous 
acid  has  as  yet  been  given,  there  appears  to  be  no  sufficient  reason  for 
rejecting  the  explanation  generally  adopted  by  chemists.  (An.  de  Ch.  et  de 
Ph.xxxviii.208.) 

Iodine  has  a  strong  attraction  for  metals ;  and  most  of  the  compounds 
which  it  fbrms  with  them  sustain  a  red  heat  in  close  vessels  without  decom- 
position. But  in  the  degree  of  its  affinity  for  metallic  substances  it  is 
inferior  to  chlorine  and  oxygen.  We  have  seen  that  chlorine  has  a  stron^ner 
affinity  (ban  oxyjren  for  metals,  since  it  decomposes  nearly  all  oxides  at  high 
temperatures;  and  it  separates  iodine  also  from  metals  under  the  same  circum- 
stances. If  the  vapour  of  iodine  is  brought  into  contact  with  potassa,  soda, 
protoxide  of  lead,  or  oxide  of  bismuth,  neated  to  redness,  oxygen  gas  is 
evolved,  and  the  metals  of  those  oxides  will  unite  with  iodine.  But  iodine, 
so  far  as  is  known,  cannot  separate  oxygen  from  any  other  metal ;  nay,  all 
the  iodides,  except  those  just  mentioned,  are  decomposed  by  exposure  to 
oxygen  ^as  at  the  temperature  of  ignition.  AU  the  iodides  are  decomposed 
by  chlorine,  bromine,  and  concentrated  sulphuric  and  nitric  acids ;  and  the 
iodine  which  is  set  free  may  be  recognized  either  by  the  colour  of  its  vapour, 
or  by  its  action  on  starch.  (Page  227.)  llie  metallic  iodides  are  generated 
under  circumstances  analogous  to  those  above  mentioned  for  procuring  the 
chlorides. 

When  the  vapour  of  iodine  is  conducted  over  red-hot  lime,  baryta,  or 
strontta,  oxygen  is  not  disengaged,  but  an  iodide  of  those  oxides,  acoordingto 
Gay-Lussac,  is  generated.  The  iodides  of  these  oxides  are,  therefore,  more 
permanent  than  the  analogous  compounds  with  chlorine.  Iodine  does  not  com* 
mne  with  any  other  oxide  under  the  same  circumstances ;  and  indeed  all 
other  such  iodides,  very  few  of  which  exist,  are,  like  the  chlorides  of  oxides, 
possessed  of  little  permanency,  and  are  decomposed  by  a  red  heat 

The  action  of  iodine  on  metallic  oxides,  when  dissolved  or  suspended  in 
water,  is  precisely  analogous  to  that  of  chlorine.  On  adding  iodine  to  a 
solution  of  the  pure  alkalies  or  alkaline  earths,  an  iodide  and  iodate  are 
generated. 


Bromine,  in  its  affinity  for  metallic  substances,  is  intermediate  between 
chlorine  and  iodine;  for  while  chlorine  disengages  bromine  from  its  combi- 
nation with  metals,  metallic  iodides  are  decomposed  by  bromine.  The  same 
phenomena  attend  the  union  of  bromine  with  metals,  as  accompany  the 
formation  of  metallic  chlorides.  Thus,  antimony  and  tin  take  fire  by  con- 
tac^  with  bromine,  and  its  action  with  potassium  is  attended  with  a  flash 
of  light  and  intense  heat  These  compounds  have  as  yet  been  but  partially 
examined.  They  may  be  formed  by  the  action  of  bromine  on  the  pure 
metals,  and  often  by  dissolving  metulic  oxides  in  hydrobromic  acid,  and 
evaporating  the  solution  to  dryness.  Bromine  unites  with  potassa,  soda* 
and  some  other  oxides,  constituting  bleaching  compounds  similar  to  the 
chlorides  above  described  Bromide  of  lime  is  obtained  by  the  action  of 
bromine  on  milk  of  lime,  a  yellowish  solution  being  formed  with  water, 
which  bleaches  powerfully. 
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As  fluorine  has  not  hitherto  been  obtained  in  a  separate  state,  the  nature 
of  its  action  on  the  metals  is  unknown ;  but  the  chief  difficulty  of  procuring 
it  in  an  insulated  form  appears  to  arise  from  its  extremely  powernil  affinity 
for  metallic  substances,  in  consequence  of  which,  at  the  moment  of  becom- 
ing free,  it  attacks  the  Tcssels  and  instruments  employed  in  its  preparation. 
The  best  mode  of  preparing  the  Boluble  fluorides,  such  as  those  of  pota»> 
slum  and  sodium,  is  by  dissolving  the  carbonate  of  these  alkalies  in  hydro* 
fluoric  acid,  and  evaporating  the  solution  to  perfect  dryness.  Tlie  insoluble 
fluorides  are  easily  formed  by  precipitation  from  the  soluble  fluorides. 
They  arc  without  exception  decomposed  by  concentrated  Bulphuric  add 
with  the  aid  of  heat ;  and  the  hydrofluoric  acid,  in  escaping,  may  easily  be 
detected  by  its  action  on  ffiass. 

Sulphur,  like  the  preceding  elementary  substances,  has  a  strong  tendency 
to  unite  with  metak,  and  the  combination  may  be  effected  in  several  ways  : 

1.  By  heating  tbe  metal  directly  with  sulphur.  The  metal,  in  the  form  of 
powder  or  filings,  is  mixed  with  a  due  proportion  of  sulphur,  and  the  mix- 
ture heated  in  an  earthen  crucible,  which  is  covered  to  prevent  the  access 
of  air;  or  if  tbe  metal  can  sustain  a  red  heat  without  fusing,  the  vapour  of 
sulphur  may  be  passed  over  it  while  heated  to  redness  in  a  tube  of  porcelain. 
The  act  of  combination,  which  frequently  ensues  below  the  temperature  oi 
ignition,  is  attended  by  free  disengagement  of  heat,  which  in  several  in- 
stances is  so  great,  that  the  whole  mass  becomes  luminous,  and  shines  with 
a  vivid  light  This  appearance  of  combustion,  which  occurs  quite  indepen- 
dentJy  of  the  presence  of  oxygen,  is  exemplified  by  the  sulphurets  of  potas- 
sium, sodium,  copper,  iron,  lead,  and  bismuth. 

2.  By  igniting  a  mixture  of  a  metallic  oxide  and  sulphur. 

3.  By  depriving  the  sulphate  of  an  oxide  of  its  oxygen  by  means  of  heat 
and  combustible  matter.  Charcoal  or  hydrogen  gas  may  be  employed  fbr 
the  purpose,  as  will  be  described  immediately. 

4.  By  hydrosulphuric  acid,  or  a  soluble  metallic  sulphuret.  Nearly  all  the 
salts  of  the  second  class  of  metals  are  decomposed  when  a  current  of  hydro- 
sulphuric  acid  gas  is  conducted  into  their  solutions.  The  salts  of  uranium, 
iron,  manganese,  cobalt,  and  nickel  are  exceptions ;  but  these  are  precipi- 
tated  by  sulphuret  of  potassium. 

Tbe  sulphurets  are  opaque  brittle  solids,  many  of  which,  such  as  the  sul- 
phurets  of  lead,  antimony,  and  iron,  have  a  metallic  lustre.  They  are  all 
fbsible  by  heat,  and  commonly  assume  a  crystalline  texture  in  cooling. 
Most  of  them  are  fixed  in  tlie  fire ;  but  the  sulphurets  of  mercury  and 
arsenic  are  remarkable  for  their  volatility.  All  the  sulphurets,  excepting 
those  of  the  first  class  of  metals,  are  insoluble  in  water. 

Most  of  the  protosulphurets  support  an  intense  heat  without  decomposi- 
tion ;  but,  in  general,  those  which  contain  more  than  one  equivalent  of  sui- 
l^ur,  lose  part  of  it  when  strongly  heated.  They*  are  all  decomposed  without 
exception  by  exposure  to  the  combined  sgency  of  air  or  oxygen  gas  and 
heat ;  and  the  products  depend  entirely  on  the  degree  of  heat  and  tbe  na- 
ture of  the  metal.  The  sulphuret  is  more  or  less  converted  into  the  sulphate 
of  an  oxide,  provided  the  sulphate  is  able  to  support  the  temperature  em- 
pkjyed  in  the  operation.  If  tliis  is  not  the  case,  the  sulphur  is  evolved  under 
the  form  of  sulphurous  acid,  and  a  metallic  oxide  is  lef\ ;  or  if  the  oxide  it- 
self is  decomposed  by  heat,  the  pure  metal  remains.  The  action  of  heat  and 
air  in  decomposing  metallic  sulphurets  is  the  basis  of  several  metallurgic 
processes.  A  few  sulphurets  are  decomposed  by  the  action  of  hydrogen  gas 
at  a  red  heat,  the  pure  metal  being  set  free  and  hydrosulphuric  acid  evolved. 
Rose  finds  that  the  only  sulphurets  which  admit  of  being  easily  reduced  to 
the  metallic  state  in  this  way  are  those  of  antimony,  bismuth,  and  silver. 
The  sulphuret  of  tin  is  decomposed  with  difficulty,  and  requires  a  very  high 
temperature.  All  the  other  sulphurets  which  he  subjected  to  this  treatment 
were  either  deprived  of  a  part  only  of  their  sulphur,  such  as  bisulphuret  of 
iron,  or  were  not  attacked  at  all,  as  happened  with  the  sulphurets  of  sine, 
lead,  and  copper.  (Poggendorff^s  Annalen,  iv.  109.) 
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Many  of  the  meUUic  sulpharefai  were  formerly  thougrht  to  be  compounds 
of  aolphur  and  a  metallic  oxide;  an  error  first  pointed  out  by  Proust,  who 
demonstrated  that  protosulphuret  of  iron,  as  well  as  the  bigulphuret,  are 
oompKHinds  of  sulphur  and  metallic  iron  without  any  oxyeen.  (Journal  de 
Physique,  liiL)  He  proved  the  same  of  the  sulphurets  of  oUier  metals,  such 
aa  mercury  and  oopper.  He  was  of  opinion,  however,  that  in  some  instances 
sulphur  does  unite  with  a  metallic  oxide.  Thus,  when  sulphur  and  per- 
oxide of  tin  are  heated  together,  sulphurous  acid  is  disengfaged,  and  the  re- 
sidue, according  to  Proust,  is  a  sulphuret  of  the  protoxide,  but  in  this  he 
was  in  error. 

In  1617  Vaai|uelin  extended  these  views  to  the  compounds  formed  by 
heating  an  alkaU  or  an  alkaline  earth  with  sulphur,  which  were  previously 
regarded  as  sulphurets  of  a  metallic  oxide.  He  explained  that  the  elements 
of  the  alkali  unite  with  separate  portions  of  sulphur,  formia^  a  metaJUc  sul- 
phuret  and  sulphuric  acid,  the  latter  of  which  unites  with  undecomposcd 
alkali.  Thus,  u  preparing  the  so-called  liver  of  tulphur,  made  by  fusing 
carbonate  of  potaasa  with  sulpliur,  one  portion  of  the  alkali  is  completely 
deeompond,  its  elements  unite  separately  with  sulphur,  ^ving  rise  to  sul- 
pliitret  of  potiBsium  and  sulphuric  acid,  the  latter  of  which  combines  with 
nndeeomposed  potasM.  These  views  were  at  the  same  time  supported  by 
Gar-Lussae.  (An.  de  Ch.  et  de  Ph.  vi.) 

One  of  the  chief  arguments  adduced  by  Vauquelin  in  support  of  his 
opinion  was  drawn  frcMi  the  action  of  charcoal  on  sulphate  of  potassa. 
When  a  mixture  of  this  salt  with  powdered  charcoal  is  ignited,  without  ex- 
posure to  the  air,  carbonic  oxide  and  carbonic  acid  gases  are  formed,  and  a 
sulphuret  is  left,  analcMnpus  both  in  appearance  and  properties  to  that  which 
may  be  made  b^  ignitmg  carbonate  of  potassa  directly  with  sulphur.  They 
are  both  ossentialfy  the  same  substance,  and  Vauquelin  conceived  from  the 
strong  attraction  of  carbon  for  oxygen,  that  both  the  solpfaoric  acid  and  po- 
tassa would  be  decomposed  by  charcoal  at  a  high  temperature ;  and  tlmt, 
eonsequentlv,  the  product  must  be  a  sulphuret  of  potassium. 

fierthier  hss  proved  that  these  changes  do  actually  occur.  (An.  de  Cli.  et 
de  Ph.  xxiL)  He  put  a  known  weight  of  sulphate  of  baryta  into  a  crucible 
lined  with  a  mixture  of  clay  and  charcoal,  defended  it  from  contact  with 
the  air,  and  exposed  it  to  a  white  heat  for  the  space  of  two  hours.  By  this 
treatment  it  sulBered  complete  decomposition,  and  it  was  found  that  in  pass- 
ing into  a  sulphuret,  it  had  suffered  a  loss  in  weight  precisely  equal  to  the 
quantity  of  oxygen  originally  contained  in  the  acid  and  earth.  This  circum- 
atanoe,  coupled  with  tlw  fact  that  there  had  been  no  loss  of  sulphur,  is  do- 
cisive  evidence  that  the  baryta  as  well  as  the  acid  had  lost  its  oxygen,  and 
that  a  sulphuret  of  barium  had  been  formed.  He  obtained  the  same  results 
also  with  the  sulphates  of  strontia,  lime,  potassa,  and  soda ;  but  from  the 
light  fusibility  of  the  sulphurets  of  potassium  and  sodium,  their  loss  of 
weight  could  not  be  determined  with  such  precision  as  in  the  other  in- 
stances. 

The  experiments  of  Boraelios,  performed  about  the  same  time,  are  ex- 
ceedingly elegant,  and  still  more  satisfactory  than  the  foregoing.  (An.  de 
Ch.'ei  de  Ph.  xx.)  He  transmitted  a  current  of  dry  hydrogen  gas  over  a 
known  quantity  of  sulphate  of  potassa,  heated  to  redness.  It  was  expected 
from  the  strong  affinity  of  hydrogen  for  oxygen,  that  the  sulphaio  would  be 
decomposed ;  and,  accordingly,  a  considerable  quantity  of  water  was  form- 
ed, which  was  carefully  collected  and  weighed.  The  loss  of  weight  which 
the  salt  had  experienced  was  precisely  equivalent  to  the  oxygen  of  the  acid 
and  alkali ;  and  the  oxygen  of  the  water  was  exactly  equal  to  the  loss  in 
weight  A  similar  result  was  obtained  with  the  sulphates  of  soda,  baryta, 
strontia,  and  lime. 

It  ia  demonstrated,  therefore,  that  the  metallic  bases  of  the  alkalies  and 
alkaline  earths  agree  with  the  common  metals  in  their  disposition  to  unite 
with  sulphur.  It  is  now  certain  that,  whether  a  sulphate  be  decomposed  by 
hydrogen  or  charcoal,  or  sulphur  ignited  with  an  alkali  or  alkaline  earth,  a 
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mcfUUie  Bulphnret  is  always  the  product  Direct  combination  between  sul- 
phur and  a  metallic  oxide  is  a  very  rare  occurrence,  nor  has  the  existence  of 
such  a  compound  been  clearly  established.  Gay-Lussac  indeed  states  that, 
when  an  alkali  or  an  alkaline  earth  is  heated  with  sulplmr  in  such  a  man- 
ner that  the  temperature  is  never  so  big-h  as  a  low  red  heat,  the  product  is 
really  the  iiuiphuret  of  an  oxide.  But  the  facts  adduced  in  favour  of  this 
opinion  are  not  altogether  satisfactory,  so  that  the  real  nature  of  the  pro- 
duct must  be  decided  by  future  observation. 

Several  of  the  metallic  sulphurets  occur  abundantly  in  nature.  Those  that 
are  most  frequently  met  with  are  the  sulphurets  of  lead,  antimony,  copper, 
iron,  zinc,  molybdenum,  and  silver. 

The  metallic  seleniurets  have  so  close  a  resemblance  in  tlieir  chemical 
relations  to  the  sulphurets,  that  it  is  unnecessary  to  give  a  separate  descrip- 
tion of  them.  They  may  be  prepared  either  by  bringing  selenium  in  con- 
tact  with  the  metals  at  a  high  temperature,  or  by  the  action  of  hydroselenic 
acid  on  metallic  solutions. 

Cyanogen,  as  mentioned  at  page  265,  has  an  affinity  for  metallic  sub- 
fltanoes.  Nearly  all  the  cyanurets  of  the  second  class  of  metals  are  insolu- 
ble in  water,  and  may  be  obtained  by  precipitation  with  cyanuret  of  potas- 
mum.  Most  of  them  are  decomposed  by  a  red  heat  even  without  exposure 
to  the  air. 

Cyanogen  unites  also  with  some  of  the  metallic  oxides.  When  hydro- 
cyanic acid  vapour  is  transmitted  over  pure  baryta  contained  in  a  porcelain 
tube,  and  heated  till  it  begins  fo  be  luminous,  hydrogen  gas  is  evolved,  and 
cyanuret  of  baryta,  according  to  Gay-Lussac,  is  generated.  The  same 
chemist  succeeded  in  forming  the  cyanurets  of  potassa  and  soda  by  a  simi- 
lar process.  These  compounds  exist  only  in  tlie  dry  state.  A  change  is 
produced  in  them  by  the  action  of  water,  the  nature  of  which  has  already 
been  explained.  (Page  270.) 

Respecting  the  preceding  compounds  there  remains  one  subject,  the  con- 
sideration of  which,  as  applying  equally  to  all,  has  been  purposely  delayed. 
The  non-metallic  ingredient  of  each  of  these  compounds  is  the  radical  of  a 
hydracid;  that  is,  has  the  property  of  forming  with  hydrogen  an  acid, 
which,  like  other  acids,  is  unable  to  unite  with  metals,  but  appears  to  com- 
bine readily  with  many  metallic  oxides.  Owing  to  this  circumstance,  a 
difficulty  arises  in  explaining  the  action  of  such  substances  on  water. 
Thus,  when  chloride  of  potassium  is  put  into  water,  it  may  dissolve  without 
suffering  any  other  chemical  change,  and  the  liquid  accordingly  contain 
chloride  of  potassium  in  solution.  But  it  is  also  possible  that  the  elements 
of  this  compound  may  react  on  those  of  water,  its  potassium  uniting  with 
oxygen,  and  its  chlorine  with  hydrogen ;  and  as  the  resulting  potassa  and 
hydrochloric  acid  have  a  strong  affinity  for  each  other,  the  solution  would  of 
course  contain  hydroehlorate  of  potassa.  A  similar  uncertainty  attends  the 
action  of  water  on  other  metallic  chlorides,  and  on  the  compounds  of  metals 
with  iodine,  bromine,  sulphur,  and  similar  substances;  so  that  when  iodide, 
sulphuret,  and  cyanuret  of  potassium  are  put  into  water,  it  may  be  doubted 
whether  they  dissolve  as  sue'),  or  whether  they  may  not  be  converted,  by 
decomposition  of  water,  into  hydriodatc,  hydrosulphate,  and  hydrocyanate 
of  potassa.  This  question  would  at  once  be  decided,  could  it  be  ascertained 
whether  water  is  or  is  not  decomposed  during  the  process  of  solution;  but 
this  is  the  precise  point  of  difficulty,  since,  from  the  operation  of  the  laws 
of  diemicol  union,  no  disengagement  of  gas  does  or  can  take  place,  by 
which  the  occurrence  of  such  a  change  may  be  indicated.  Chemists,  ac- 
c»rdingly,  being  gnided  by  prob^bilitiesi,  are  divided  in  opinion,  and  I  shall, 
therefore,  give  a  brief  statement  of  both  views,  with  the  arguments  in  favour 
of  each. 

According  to  one  view,  then,  chloride  of  potassium  and  all  similar  com- 
pounds dissolve  in  water  without  undergoing  any  other  change,  and^  are  de- 
posited in  their  original  state  by  crystallization.  When  any  hydracid,  such 
as  hydrochloric  or  hydriodic  acid,  is  mixed  with  potassa  or  any  similar 
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metallic  oxide,  the  acid  and  salifiable  base  do  not  unite;  bat  the  ozyfloa  of 
the  oxide  combines  with  tlie  hydrogen  of  the  acid,  and  the  metal  itself  with 
the  radical  of  the  hydracid.  This  kind  of  doable  decomposition  unquestioo- 
ablj  takes  place  in  some  instances,  as  when  hydrosulphuric  acid  acts  upon 
acetate  of  oxide  of  lead,  the  insoluble  sulphuret  of  lead  being  actually  pre- 
cipitated ;  but  it  is  also  thought  to  occur  even  when  the  transparency  of  the 
solution  is  undisturbed.  It  is  argued,  accordingly,  that  hvdrochlorate  of 
potassa,  and  the  salts  of  the  hydracids  in  general  have  no  existence.  Thus^ 
when  nitrate  of  the  oxide  of  silver  is  added  to  a  solution  of  chloride  or 
cyanuret  of  potassium,  metallic  silver  is  said  to  unite  with  chlorine  or  cy- 
anogen, while  the  oxygen  of  the  oxide  of  silver  combines  with  potassium ; 
so  Uiat  nitrate  of  potassa  and  chloride  or  cyanuret  of  silver  are  generated. 
On  adding  sulphuric  acid  to  a  solution  of  ciiloride  of  potassium,  hydrochlo- 
ric acid  and  potassa,  which  did  not  previously  exist,  are  instantly  formed  in 
consequence  of  water  being  decomposed,  and  yielding  its  hydrogen  to  chlo- 
rine, and  its  oxygen  to  potassium ;  exactly  as  happens  when  concentrated 
•olphuric  acid  is  brought  into  contact  with  solid  chloride  of  potassium.  It 
is  further  believed  that  the  crystallized  bydrochlorate  of  linxe,  baryta,  and 
strontia,  which  contain  ^watcr  or  its  elements,  are  metallic  chlorides  com- 
bined  with  water  of  crystallization ;  and  the  same  view  is  applied  to  all 
analogous  compounds. 

According  to  the  other  doctrine,  chloride  of  potassium  is  converted  into 
hydrochiorate  of  potassa  in  the  act  of  dissolving;  and  when  the  solution  is 
evaporated,  the  elements  existing  in  the  salt  reunite  at  the  moment  of  crys- 
tallization, and  crystals  of  chloride  of  potassium  are  deposited.  The  same 
explanation  applies  in  all  cases,  when  the  salt  of  a  hydracid  crystallizes 
without  retaining  the  elements  of  water.  Of  those  compounds  which  in 
crystallizing  retain  water  or  its  elements  in  combination,  two  opinions  may 
be  formed.  Thus  crystallized  hydroclilorate  of  baryta,  which  consists  of 
one  equivalent  of  chlorine,  one  of  barium,  two  of  oxygen,  and  two  of  hydro- 
gen, may  be  regarded  as  a  compound  either  of  hydrochiorate  of  baryta 
with  one  equivalent  of  water  of  crystallization,  or  of  chloride  of  barium 
with  two  equivalents  of  water.  When  exposed  to  heat,  two  equivalents  of 
water  are  expelled,  and  chloride  of  barium  is  left.  When  nitrate  of  the 
oxide  of  silver  is  mixed  in  solution  with  hydrochiorate  of  potassa,  the  oxy- 
gen of  the  oxide  of  silver  unites  with  the  hydrogen  of  the  hydrochloric 
acid,  chloride  of  silver  is  precipitated,  and  nitrate  of  potassa  remains  in  the 
liquid.  On  adding  sulphuric  acid  to  a  hydrochiorate,  hydrochloric  acid  is 
simply  displaced,  just  as  when  carbonic  acid  in  marble  is  separated  from 
lime  by  the  action  of  nitric  acid. 

On  comparinjir  these  opinions  it  is  manifest  that  both  are  consistent  with 
well-known  affinities.  When  a  metallic  chloride  is  dissolved  in  water,  the 
attraction  of  chlorine  for  the  metal,  and  that  o£  oxygen  for  hydrogen,  tend 
to  prevent  chemical  change;  but  the  afRnities  of  the  metal  for  oxygen,  of 
chlorine  for  hydro{ren,  and  of  hydrochloric  acid  for  metallic  oxides,  co-ope- 
rate in  determining  the  decomposition  of  water,  and  the  production  of  a 
hydrochiorate.  In  favour  of  the  Utter  view,  the  following  considerations 
may  be  adduced  : — 1.  The  solution  of  some  compounds,  such  as  sulphuret 
and  cyanuret  of  potassium,  actually  emit  an  odour  of  hydrosulphuric  and 
hydrocyanic  acid.  2.  Other  compounds,  such  as  the  chlorides  of  copper, 
eobalt,  and  nickel,  instantly  acquire,  when  put  into  water,  the  colour  pecu- 
liar to  the  salts  of  the  oxides  of  those  metals.  3.  The  solution  of  protochlo- 
ride  of  iron,  like  the  protosulphate,  absorbs  oxygen  from  the  atmosphere; 
an  effect  which  seems  to  indicate  the  presence  of  the  protoxide  of  iron  in 
the  liquid.  4.  In  some  instances  there  is  direct  proof  of  decomposition  of 
water.  Thus  when  sulphuret  of  aluminium  is  put  into  that  fluid,  alumina 
is  generated,  and  hydrosulphuric  acid  gas  disengaged  with  effervescence. 
In  uke  manner  chloride  and  sulphuret  of  silicium  are  converted  by  water 
into  silica,  and  hydrochloric  and  hydrosulphuric  acid.  In  these  eases  the 
-vant  of  affinity  between  the  neiy  oomponnds  causes  their  separatiooy  and 
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IhoB  aiCDrdi  direct  proof  tliat  water  u  detompoeed.  Bat  the  affinitiee 
which  produce  this  change  do  not  appear  bo  likelj  to  be  effective,  aa  thoae 
which  are  in  operation  wnen  chloride  of  potaBsiom  is  put  into  water ;  espe- 
cially when  it  is  considered  that  the  attraction  of  chlorine  for  hydrogen, 
and  poCassiam  for  oxygen,  is  aided  by  that  of  the  iCBulting  acid  and  oxide 
for  each  other. 

These  arguments  may  be  successively  answered  in  the  following  man- 
ner : — 1.  That  solutions  of  cyanuret  and  sulphuret  of  potassium  smell  of 
hydrocyanic  and  hydrosulphuric  acids,  because  the  carbonic  acid  of  ^e  at- 
mosphere gradually  decomposes  tliem.  2.  That  metals  may  yield  with 
chlorine  compounds  of  the  same  colour  as  the  oxides  of  the  same  metals* 
Thus  the  terchloride  and  terflumide  of  chromium  have  a  red  colour  closely 
resembling  that  of  chromic  acid.  9.  Protochloride  of  iron  may  attract 
oxygen  from  the  air  because  of  its  known  tendency  to  pass  into  the  stale  of 
a  sesqotchloride,  a  portion  of  iron  being  at  the  same  time  converted  into 
peroxide.  4.  That  while  certain  chlorides  do  really  decompose  water^  it 
nust  be  conceded  that  others  dissolve  directly  without  change.  The  bichlo- 
ride of  platinum  and  terchloride  of  gold  are  soluble  in  ether,  forming  solu- 
tions which  must  be  regarded  as  chlorides  and  not  hydrochlorates,  since 
pure  ether  is  anhydrous;  and  when  aqueous  solutions  of  these  chlorides  are 
agitated  with  ether,  ethereal  solutions  of  platinum  and  gold  are  formed,  ex- 
actly similar  to  those  made  with  ether  alone.  It  can  scarcely  be  doubted, 
then,  that  these  chlorides  exist  as  such  in  water.  In  fevour  of  the  same 
view  it  may  with  truth  be  alleged,  that  the  chlorides  of  potassium  and 
sodium  dissolve  in  and  crystallize  out  of  water  without  evincing  the  least 
sign  of  any  other  change  than  mere  solution  and  mere  crystallization. 
Again,  crystals  of  the  so-called  bydrochlorate  of  baryta  become  chloride  of 
barium  with  loss  of  water  by  mere  exposure  to  a  dry  air ;  a  cause  appa- 
rently inadequate  to  determine  the  hyarogen  of  the  acid  to  unite  with  the 
oxygen  of  the  oxide,  but  sufficient  to  explam  the  phenomena  if  the  crystals 
were  chloride  of  barium  with  water  of  crystallization. 

On  weighing  these  and  other  considerations  of  a  like  kind,  it  appears  nn- 
deniable  that  some  metallic  chlorides,  iodides,  cyanurets,  and  similar  com- 
pounds dissolve  as  such  in  water;  that  all  do  so,  is  a  position  which  cannot, 
I  think,  be  maintained;  and,  therefore,  the  existence  of  such  compounds  as 
hydracids  united  with  metallic  oxides  can  scarcely  be  denied.  At  the  same 
time  it  is  necessary,  to  avoid  a  perpetuaHy  recurring  two-fold  explanation, 
to  adhere  consistently  to  one  view;  and  the  reader  may  have  observed  that 
I  have,  in  this  edition,  uniformly  gone  on  the  supposition  that  chlorides,  and 
the  same  class  of  bodies,  dissolve  as  such  in  water.  The  considerations 
which  have  led  to  this  preference  are  principally  drawn  from  the  history  of 
the  sulphor-salts.  ^ 

Chemists  are  acquainted  with  several  metallic  phosphurets ;  and  it  is  pro- 
bable that  phosphorus^  like  sulphur,  is  capable  of  uniting  with  all  the  metals. 
Little  attention,  however,  has  hitherto  been  devoted  to  these  compounds; 
and  for  the  greater  part  of  our  knowledge  concerning  them  we  are  indebted 
to  the  researches  of  Pellelier  and  Rose.  (An.  de  Ch.  I.  and  xiii.;  and  Fog. 
Annalen,  vi.  205.) 

The  metallic  phosphurets  may  be  prepared  in  several  ways.  The  mos 
direct  method  is  by  bringing  phosphorus  in  contact  with  metals  at  a  high 
temperature,  or  by  igniting  metals  in  contact  with  phosphoric  acid  and 
charcoal.  Several  of  the  phosphurets  may  be  formed  by  transmitting  a 
current  of  pbosphuretted  hydrogen  gas  ever  metallic  oxides  heated  to  red- 
ness in  a  porcelain  tube,  when  water  is  generated,  and  a  phosphuret  of  the 
metal  remaina  By  similar  treatment  the  chlorides  and  sulphurets  of  manpr 
metals  may  be  decomposed,  and  phosphurets  formed,  provided  the  metal  ur 
capable  of  retaining  phosphorus  at  a  red  heat  According  to  Roee,  the 
phosphorets  of  copper,  nickel,  cobalt,  and  iron  are  the  onlv  ones  which 
admit  of  being  advantageously  prepared  by  this  method.  When  chlorides 
an  en^doyed,  hydrochloric  acid,  and  with  sulphurets  hydrosulphuric  acici 
gas,  is  of  course  generated. 
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Pbotphorot  is  raid  to  unite  with  metallio  oxides.  For  example,  pliospliii* 
ret  of  lime  is  said  to  be  formed  by  conducting  the  vapour  of  pAiosphonw 
over  that  earth  at  a  low  red  heat;  but  it  is  probable  that  in  this  instance,  as 
with  a  mixture  of  sulphur  and  an  alkali,  part  of  the  metallic  oxide  is 
decomposed,  and  that  the  product  contains  phospburet  of  calcium  and 
phosphate  of  Iime« 

The  only  metallic  carburets  of  importance  are  those  of  iron,  which  will 
be  described  in  the  section  on  that  metal. 

Hydrogen  unites  with  few  metals.  The  only  metallic  hydrogurets,  or 
bydurets  known  are  those  of  zinc,  potassium,  arsenic,  and  tellurium.  No 
definite  compound  of  nitrogen  and  a  metal  has  hitherto  been  discoTered. 

The  discoveries  of  modern  chemistry  have  materially  added  to  the  num- 
ber  of  the  metals,  especially  by  associating  with  them  a  class  of  bodies 
which  was  formerly  believed  to  be  of  a  nature  entirely  different.  The 
metallic  bases  of  the  alkalies  and  earths,  previous  to  the  year  1607,  were 
altogether  unknown ;  and  before  that  date  the  list  of  metals,  with  few  excep- 
tions, included  those  only  which  are  commonly  employed  in  the  arts,  and 
which  are  hence  oilcn  called  the  common  metals.  In  consequence  of  this 
increase  in  number,  it  is  found  convenient,  for  the  purpose  of  description,  to 
arrange  them  in  separate  groups ;  and  as  the  alkalies  and  earths  differ  in 
several  respects  from  the  oxides  of  other  metals,  it  will  be  convenient  to 
describe  them  separately.  I  have  accordingly  divided  the  metals  into  the 
two  following  classes : — 

Class  I.    Metals  which  by  oxidation  yield  alkalies  or  earths. 

Class  IL    Metals,  the  oxides  of  which  are  neither  alkalies  nor  earths* 


Class  I.  This  class  includes  thirteen  metals,  which  may  properly  be 
arranged  in  three  orders. 

Order  I.  Metallic  bases  of  the  alkalies.^  They  are  three  in  number; 
namely. 

Potassium,  Sodium,  Lithium. 

These  metals  have  such  a  powerful  attraction  for  oxygen,  that  they 
decompose  cold  water  and  even  ice  at  the  moment  of  contact,  and  are 
oxidized  with  disengagement  of  hydrogen  gas.  The  resulting  oxides  are 
distinguished  by  their  causticity  and  solubility  in  water,  and  by  possessing 
alkaline  properties  in  an  eminent  degree.  They  are  called  atkalits^  and 
their  metallic  bases  are  sometimes  termed  alkaline  or  alkaligenous  metals. 

Order  2.  Metallic  bases  of  the  alkaline  earths.  These  are  four  in 
number;  namely. 

Barium,  Strontium,  Calciom,  Magnesium. 

These  metals,  excepting  magnesium,  also  decompose  water  rapidly  at 
common  temperatures.  The  resulting  oxides  are  called  alkaline  earths; 
because,  while  in  their  appearance  they  resemble  the  earths,  tliey  are  similar 
to  the  alkalies  in  having  a  strong  alkaline  reaction  with  test  paper,  and  in 
neutralizing  acids.  The  three  first  are  strongly  caustic,  and  baryta  and 
strontia  are  soluble  in  water  to  a  considerable  extent 

Order  3.    Metallic  bases  of  the  earths.    These  are  six  in  number ;  namely. 

Aluminium,  Yttrium,  Zirconium, 

Glucinium,  Thorium,  Silicium. 

The  oxides  of  these  metals  are  well  known  as  the  pure  earths.  They  are 
white  and  of  an  earthy  appearance,  in  their  ordinary  state  are  quite  insolu- 
ble in  water,  and  do  not  affect  the  colour  of  turmeric  or  litmus  paper.  As 
salifiable  bases  they  are  inferior  to  the  alkaline  earths.  Silica  is  evm  eon. 
sidered  by  several  chemists  as  an  acid,  and  its  chemical  relations  appear  to 
justify  the  opinion.  For  reasons  to  be  afterwards  mentioned,  the  propriety 
^f  placing  silicium  among  the  metals  is  exceedingly  doublfuL 
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Class  11.  The  nomber  of  the  metals  included  in  this  cbuM  amcranto  tor 
f  wenty-ninei  They  are  all  capable  of  Onitinff  with  oxygen,  and  generally  in 
more  than  one  proportion.  Their  protoxides  hare  an  earthy  appearance^ 
bot  with  few  exceptions  are  coloared.  They  are  insolable  in  water,  and  in 
general  do  not  affect  the  cdoar  of  test  paper.  Most  of  them  act  as  salifiable 
bases  in  oniting  with  acids,  and  forming  salts;  but  in  this  respect  they  are 
much  inferior  to  the  alkalies  and  alkaline  earths,  by  which  they  may  be 
separated  from  their  combinations.  Several  of  these  metals  are  capable  of 
forming  with  oxygen  compounds,,  which  possess  the  character  of  acids.  The 
metals  in  whicli  this  property  has  been  noticed  are  manganese,  arsenic; 
chromium,  vanadium,  molybdenum)  tungsten,  columbium,  antimony,  tita- 
nium, tellurium,  and  gold. 

The  metals  belonging  to  the  second  class  may  be  conveniently  arranged 
in  the  three  following  orders  ^-^ 

Order  1.  Metals  which  decompose  water  at  a  red  heat  They  are  sevex^ 
in  number ;  namely, 

Manganeser  Cadmium,  Cobalt, 

Iron,  Tvor  Nickel. 

ZinCr 

Order  9.  Metals  which  do  not  decompose  wafer  at  any  temperature,  and> 
the  oxides  of  whieh  are  not  reduced  to  the  metallic  state  by  the  sole  action 
of  heat    Of  these  there  are  fourteen  in  number ;  namely, 

Arsenic,  Colombiumt  Titanium, 

Chromium,  Antimony,  Tellurium, 

Vanadium,  Uranium,  Copper, 

Molybdenum)  Cerium«  Lead. 

Tungsten,  Biso(M^th» 

Order  3.  Metals,  the  oxides  of^hich  are  discomposed  by  a  red  heat' 
These  are 

Mercury,  Platinum,  Osmium^ 

Silver,  Palladium,  Iridium. 

Gold,  Rhodium, 
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CLASS  I. 

METALS  WHICH  BY  OXIDATION  YIELD  ALKALIES  OB 
EARTHS. 

ORDER  I. 

METALLIC  BASES  OF  THE  ALKALIES. 


SECTION   I. 
POTASSIUM. 


PoTASgnm,  or  kiilium,  was  discovered  in  the  year  1807  by  Sir  H.  Davj, 
and  the  circumstances  which  led  to  the  discovery  have  already  been  de- 
scribed.  Hydrate  of  potassa,  slightly  moistened  for  the  purpose  of  increas-  ^ 
ing  its  conducting^  power,  was  made  to  communicate  with  the  opposite  poles 
of  a  galvanic  battery  of  200  double  plates ;  when  the  oxygen  both  oi  the 
water  and  the  potassa  passed  over  to  the  positive  pole,  while  the  hydrogen 
of  the  former,  and  the  potassium  of  the  latter,  made  their  appearance  at  the 
negative  pole.  By  this  process  potassium  is  obtained  in  small  quantity  only ; 
but  Gay-Lussac  and  Thenard  invented  a  method  by  which  a  more  abon- 
dant  supply  may  be  procured.  (Redierches  Physico-Chimiques,  vol.  i.) 
Their  process  consists  in  bringing  fused  hydrate  of  potassa  in  contact  with 
turnings  of  iron  heated  to  whiteness  in  a  gun-barrel.  The  iron,  under  these 
circumstances,  deprives  the  water  and  potassa  of  oxygen,  hydrogen  gas  com- 
bined  with  a  little  potassium  is  evolved,  and  pure  potassium  sublimes,  and 
may  be  collected  in  a  cool  part  of  the  apparatus. 

rotassiiim  may  also  be  prepared,  as  first  noticed  by  M.  Curandau,  by 
mixing  dry  carbonate  of  potassa  with  half  its  weight  of  powdered  charcoaV 
and  exposing  the  mixture,  contained  in  a  gun-barrel  or  spheroidal  iron  bot- 
tle, to  a  strong  heat.  An  improvement  on  both  processes  has  been  made  by 
M.  Brunner,  who  decomposes  potassa  by  means  of  iron  and  charcoal.  From 
eight  ounces  of  fused  carbonate  of  potassa,  six  ounces  of  iron  filings,  and 
two  ounces  of  charcoal  mixed  intimately  and  heated  in  an  iron  bottle,  he 
obtained  140  grains  of  potassium.  (Quarterly  Journal,  xv.  379.)  Berzelius 
has  observed  that  tlie  potassium  thus  made,  though  fit  for  all  the  usual  pur- 
poses to  which  it  is  applied,  contains  a  minute  quantity  of  carbon;  and, 
therefore,  if  required  to  be  quite  pure,  must  be  rendered  so  by  distillation  in 
a  retort  of  iron  or  green  glass.  A  modification  of  this  process  has  been 
since  described  by  Wohler,  who  eflfects  the  decomposition  of  the  potassa 
solely  by  means  of  charcoal.  The  material  employed  for  the  purpose  is  car- 
bonate of  potassa,  prepared  by  heating  cream,  of  tartar  to  redness  in  a  co- 
vered crucible.  (Poggendorfifs  Annalen,  iv.  23.)        . 

Potassium  is  solid  at  the  ordinary  temperature  of  the  atmosphere.  At  70^ 
it  is  somewhat  fluid,  though  its  fluidity  is  not  perfect  till  it  is  heated  to  150^. 
At  50^  it  is  soft  and  malleable,  and  yields  like  wax  to  the  pressure  of  the 
fingers ;  but  it  becomes  brittle  when  cooled  to  32°.  It  sublimes  at  a  low  red 
heat,  without  undergoing  any  change,  provided  atmospheric  air  bo  com- 
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pletely  excluded.  Its  texture  is  crystalline,  as  ma^  be  seen  by  breaktn|f  it 
across  while  brittle.  In  colour  and  lustre  it  is  precisely  similar  to  mercury. 
At  60^  its  density  is  0.865,  so  that  it  is  considerably  lighter  than  water,  it 
ia  quite  opaque,  and  is  a  good  conductor  of  heat  and  electricity. 

The  most  prominent  -chemical  property  of  potassium  is  its  affinity  for 
oxygen  gas.  It  oxidizes  rapidly  in  the  air,  or  by  contact  with  6uid8  which 
contain  oxygen.  On  this  account  it  must  be  preserved  either  in  glass  tubes 
hermetically  sealed,  or  under  the  surface  of  liquids,  such  as  naj^tha,  of 
which  oxygen  is  not  an  element*  If  heated  in  the  open  air,  it  taices  fire, 
And  burns  with  a  purple  fiame  and  great  evolution  of  heat.  It  decomposes 
water  on  the  instant  of  touching  it,  and  so  much  heat  is  disengaged,  that 
the  potassium  is  inflamed,  and  bums  vividly  while  swimming  upon  its  sur- 
fiioe.  The  hydrogen  unites  with  a  little  potassium  at  the  moment  of  separa^ 
tion ;  and  this  compound  takes  fire  as  it  escapes,  and  thus  augments  the 
brilliancy  of  the  combustion.  When  potassium  is  plunged  under  water,  vio- 
lent  reaction  ensues,  but  without  light,  and  pure  hydrogen  gas  is  evolved. 

The  combinini^  weight  or  equivalent  of  potassium  is  easily  deducible 
from  the  composition  of  potassa  and  chloride  of  potassium,  which  are  ad- 
mitted  to  consist  of  single  equivalents  of  their  elements.  Gay-Lussac  and 
Thenard,  and  Davy  inferred  the  composition  of  potassa  fVom  the  hydrogen 
gas  evolved,  when  a  known  weight  of  potassium  is  oxidized  under  water, 
3ie  volume  of  the  oxygen  which  unites  with  the  metal  being  equal  to  half 
the  volume  of  the  hydrogen.  Berzelius  analyzed  chloride  of  potassium  by 
means  of  nitrate  of  oxide  of  silver,  and  inferred  that  39.15  is  the  equivalent 
•f  potassium. 

Potassium. 


Equiv. 
Protoxide  39.15  I  eq.+ Oxygen  8  1  eq.=:  47.15 
Peroxide  39.15  1  cq.-f  do.  S4  3  eq.=  63.15 
Chloride  39.15    1  eq.+Chlor.      35.42     1  eq.=  74.57 

Iodide  39.15    1  eq.+ Iodine  126.3       1  eq.=  165.45 

Bromide  39.15    1  eq.+Brom.     78.4       1  eq.=:  117.55 

Fluoride  39.15    1  eq.+FIoor.     18.68     1  eq.s=  57.83 

Hydurets 
Carburet 
Sulphuret 
Bisulphuret     39.15 
Tersulphuret  39.15 

Quintosul- 
phuret 

Memurcto'  [  Composition  and  number  uncertain. 
Cyanurets      39.15    1  eq.+Cyiuiog. 26.39      1  eq.-a  65.54 

S^P^^^'^^'^^ 39.15    leq+5tjj58.59    1  eq.«  97.74 

fa's  S 


39.15  leq.+Oxygen    8 

39.15  1  cq.-f     do.      24 

39.15  leq.+Chlor.      35.42 

39.15  1  eq.+ Iodine  126.3 

39.15  leq.+Brom.     78.4 

39.15  leq.+FIoor.     18.68 

>  Composition  uncertain. 

39.15  1  eq.+Sulphur  16.1 
1  oq4-  do.  32.2 
leqH- 

leq,+ 


do. 
do. 


48.3 
64.4 


1  eq.«B  55.25 
2eq.=  71.35 
3eq.»  87.45 


4  eq.= 103.55 
1 39.15    1  eq.+     do.      80.5      5  eq.all9.65 


ForrauIiB. 
K+O  or  K. 
K+30  or  K*. 
K+Cl  or  KCI. 
K+I  or  KI. 
K+BrorKBr. 
K+ForKF. 

K+S  or  KS. 
K+2SorKS«. 
K+3S  or  KSs. 

K+4S  or  KS«. 
K+5SorKS«. 

K+CyorKCy. 
K+CyS«. 


*  Mr.  Durand,  pharmaceutist  of  Philadelphia,  has  ascertained  that  the  es- 
sential oil  of  copaiba  is  a  good  liquid  for  the  preservation  of  potassium. 
IThave  used  it  myself  for  this  purpose,  and  am  satisfied  that  it  is  superior  to 
the  ordinary  naphtha.  The  brightness  of  the  metal  is  but  slightly  impaired, 
while  in  common  naphtha  it  becomes  covered  with  a  blackish  film.  Several 
chemists  have  used  this  oil  on  the  recommendation  of  Mr.  Durand,  and  with 
■atisfkctory  results^ — Ed, 
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PwtiocBide  &f  Pt4a99ium, — ^Thia  compound,  coiUBWiily  called  pUa$h  or  po- 
iMMi,  and  by  the  Germant  kali  <an  ilrabie  word),  is  always  mrmed  when 
potassium  is  put  into  water,  or  when  it  is  exposed  at  comtnan  tomperatures 
to  dry  air  or  oxyipen  g^M.  By  the  former  method  the  protoxide  is  obtained 
in  oombination  with  water;  and  in  the  latter  it  is  aahydrousr  In  perform- 
ing the  last-mentioned  process,  the  po^ssium  should  be  cut  into  yery  thin 
slices ;  for  otherwise  Um  oxidation  is  incomplete.  The  product,  when  par- 
tially oxidized,  is  regarded  by  Benclius  as  a  distinci  oxide ;  but  most  che- 
mists admit  it  to  be  a  OMsre  mixture  of  potassa,  and  potassium. 

Anhydrous  potassa  can  only  be  prepared  by  the  slow  oxidation  of  potas- 
sium* as  already  mentioned-  In  its  pure  state  it  is  a  white  solid  sufastancei, 
highly  caustic,  which  fuses  at  a  temperature  somewhat  above  that  of  red- 
ness, and  bears  the  strongest  heat  of  a  wind  furnace  without  being  decom- 
posed or  volatilised.  It  has  a  powerful  affinity  for  water,  and  intense  heat  is 
disengaged  during  the  act  of  combination.  With  a  certain  portion  of  that 
liquid  it  forms  a  solid  hydrate,  the  elements  of  which  are  united  by  an 
affinity  so  energetic,,  thst  no  degree  of  heat  hitherto  employed  can  effect 
their  separation.  This  substance  was  long  regarded  as  the  pure  alkali,  but 
it  is  in  reality  a  kydrmte  ^potatta.  It  is  -composed  of  47.15  parts  or  one  eq. 
of  potassa,  and  9  parts  or  one  eq^of  water  ;^  and  its  formula  is  (K4.O)  ^ 
(H+0),orK-#.H. 

Hydrate  of  potassa  is  solid  at  common  temperatures.  It  fuses  at  a  heat 
vather  below  redness,  and  assumes  a  somewhat  crystalline  texture  in  cool- 
ing. It  is  highly  deliquescent,  and  requires  about  half  its  weight  of  water 
for  solution.  It  is  soluble,  likewise,  in  alcohol.  It  destroys  all  animal  textures^ 
and  on  this  account  i»  employed  in  surgery  as  a  caustic.  It  was  formerly 
called  lapU  eau$ttcu$,  but  it  is  now  termed  ptOassa  and  poUnta  fu»a  by  the 
Colleges  of  Edinburgh  and  London.  This  preparation  is  made  by  evapo» 
rating  the  aqueous  solution  of  potassa  io  a  silver  or  clean  iron  capsule  to 
the  consistence  of  oil,  and  then  pouring  it  into  moulds.  In  this  state  it  is 
impure,,  containing  oxide  of  iron,  together  with  chloride  of  pota88ium,>and 
carbonate  and  sulphate  of  potassa.  It  is  purified  from  these  substances  by 
solution  in  alcohol,  and  evaporation  to  the  same  extent  as  before  in  a  silver 
vessel.  The  operation  should  be  performed  expeditiously,  in  order  to  pre- 
vent, as  far  as  possible,  the  absorption  of  carbonic  acid.  When  common 
caustic  potassa  of  the  druggists  is  dissolved  in  water,  a  number  of  small 
bubbles  of  gas  are  disengag^,  which  is  pure  oxygen.  Mr.  Graham  finds  its 
quantity  to  be  variable  in  different  specimens,  and  to  depend  apparently  on 
the  impurity  of  the  specimen. 

The  aqueous  solution  of  potassa,  aqua  potassm  of  the  Pharmacopceia,  is 
prepared  by  decomposing  carbonate  of  potassa  by  lime.  To  effect  this  object 
completely,  it  is  advisable  to  employ  equal  parts  of  quicklime  and  carbonate 
of  potassa.  The  lime,  as  soon  as  it  is  slaked,  is  added  to  the  carbonate,  dis- 
solved  in  six  or  ten  times  its  weight  of  hot  water,  and  the  mixture  is  boiled 
briskly  in  a  clean  iron  vessel  for  about  ten  minutes.  The  liquid,  after  sub- 
siding, is  filtered  through  a  funnel,  the  throat  of  which  is  obstructed  by  a 
piece  of  clean  linen.  This  prooass  is  founded  on  the  fiict  that  lime  de- 
prives carbonate  of  potassa  of  its  acid,  forming  an  insoluble  carbonate  of 
lime,  and  setting  the  pure  alkali  at  liberty.  If  (he  decomposition  is  complete, 
the  filtered  solution  should  not  effervesce  when  neutralized  with  an  acid. 
Liebig  finds  that  a  strong  solution  of  caustic  potassa  actually  deprives  car- 
bonate of  lime  of  its  acid,  and  that,  from  this  circumstance,  carbonate  of 
potassa  cannot  be  rendered  quite  caustic  by  lime,  unless  diluted  with  about 
■  ten  times  iu  weight  of  water. 

As  pure  potassa  absorbs  carbonic  acid' rapidly  when  freely  exposed  to  the 
atmosphere,  it  is  desirable  to  filter  its  solution  in  vessels  containing  as  small 
a  quantity  of  air  as  possible.  This  is  easily  effected  by  means  of^the  filter- 
ing  apparatus  devised  by  Mr.  Donovan.    It  consists  of  two  vessek  a  and  d. 


P0TJUB8IVM. 


S97 


•I"  equal  capacity,  and  oonneeted  with  each  other  as 
repreecDted  in  the  annexed  wood-cut  The  neck  6 
of  the  upper  vessel  contains  a  tij^ht  cork,  perforated 
to  admit  one  end  of  the  ^lass  tube  c,  and  the  lower 
extremity  of  the  same  vessel  terminates  in  a  funnel 
pipe,  which  fits  into  one  of  the  nocks  of  the  ander 
vessel  D  by  grinding',  luting,  or  a  tight  cork.  The 
Teasel  d  is  furnished  with  another  neck  e,  which 
receives  the  lower  end  of  the  tube  c,  the  junction 
being  secured  by  means  of  a  perforated  cork,  or 
luting.  The  throat  of  the  funnel  pipe  is  obstructed  by 
a  piece  of  coarse  linen  loosely  rolled  op,  and  not 
pressed  down  into  the  pipe  itself.  The  solution  is 
then  poured  in  through  the  mouth  at  6,  the  cork 
and.  tube  having  been  removed ;  and  the  first  drop- 
pings, which  are  turbid,  are  not  received  in  the 
lower  vessel.  The  parts  of  the  apparatus  are  next 
joined  together,  and  the  filtration  may  proceed  at 
the  slowest  rate,  without  exposure  to  more  air  than 
was  contained  in  the  vessels  at  the  beginning  of 
the  process.  This  apparatus  should  be  made  of 
green  in  preference  to  white  glass;  as  the  pure 
alkalies  act  on  the  former  much  less  than  on  the 
latter.  (Annals  of  Pjiilosophy,  xxvi.  115.) 

Tbe  mode  by  which  this  apparatus  acts  scarcely 
needs  expla^iation.  In  order  that  the  liquid  should 
deacend  freely,  two  conditions  are  required :  — ^first, 
that  the  air  above  the  liquid  should  have  the  same  elastic  force,  and  there- 
fore exert  the  same  pressure,  as  that  below ;  and,  secondly,  as  one  means 
of  securing  tbe  first  condition,  that  the  air  should  have  free  egress  from 
the  lower  vessel.  Both  objects,  it  is  manifest,  are  accomplished  in  the 
filtering  apparatus  of  Mr.  Donovan ;  since  for  every  drop  of  liquid  which 
deaeends  from  the  upper  to  the  lower  vessel,  a  corresponding  portion  of  air 
passes  along  the  tube  c  from  the  lower  vessel  to  the  upper. 

Solution  of  potassa  is  highly  caustic,  and  its  taste  intensely  acrid.  It 
poaacsaes  alkaline  properties  in  an  eminent  degree,  converting  the  vegetable 
blue  colours  to  green,  and  neutralizing  the  strongest  acids.  It  absorbs  car- 
bonic acid  gas  rapidly,  and  is  consequently  employed  for  withdrawing  that 
.substance  from  gaseous  mixtures.  For  the  same  reason  it  should  be  pre- 
eerved  in  wcll-cl^ed  bottles,  that  it  may  not  absorb  carbonic  acid  from  the 
atmosphere. 

Potassa  is  employed  as  a  reagent  in  detecting  the  presence  of  bodies,  and 
in  separating  them  from  each  other.  The  solid  hydrate,  owing  to  its  strong 
affinity  for  water,  is  used  for  depriving  gases  of  hygrometric  moisture,  and 
is  admirably  fitted  lor  forming  frigorific  mixtures.  (Page  3S.) 

Potassa  may  be  distinguished  from  all  other  substances  by  the  following 
characters.  1.  If  tartaric  acid  be  added  in  excess  to  a  salt  of  potassa,  dis- 
solved  in  cold  water,  and  the  solution  be  stirred  with  a  glass  rod,  a  white 
precipitate,  bitartrate  of  potassa,  soon  appears,  which  forms  peculiar  white 
streaks  upon  the  glass  by  the  pressure  of  the  rod  in  stirring.  3.  It  is  pre- 
cipitated by  perchloric  acid  in  the  cold,  the  perchlorate  of  potassa  having 
nearly  the  same  degree  of  solubility  as  the  bitartrate.  3.  A  solution  of  chlo- 
ride  of  platinum  causes  a  yellow  prceipitate,  the  double  chloride  of  platinum 
and  potassium.  A  drop  or  two  of  hydrochloric  acid  should  be  added  at  the 
same  time  as  the  test,  the  mixture  be  evaporated  to  drjmess  at  213^,  and  a 
little  cold  water  be  afterwards  added,  when  the  double  chloride  is  left  in 
the  form  of  small  shining  yellow  crystals.  Chloride  of  platinum  dissolved 
in  alcohol  oflen  gives  an  immediate  precipitate,  which  falls  of  a  pale  yeDow 
colour.  4.  The  alcoholic  solution  of  carbazotic  acid  throws  down  potassa 
in^ellow  crystals  of  carbazotate  of  potassa,  which  is  very  sparingly  soluble. 
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6,  It  ^ieldi  a  li^ht  ffelatinout  precipitater  the  dooUe  flooride  of  potunom 
and  silicium,  with  siTicated  hydrofluoric  acid.  Of  these  testa  carbuotic  acid 
is  the  most  delicate  in  a  solution  of  pore  potassa ;  but  when  the  alkali  is 
combined  with  a  strong  acid,  the  chloride  of  platinum  is  preferable. 

The  following  test  has  been  recommended  by  M.  Harkort  for  distingaiah- 
ing  between  potassa  and  soda  in  minerals.  Oxide  of  nickel,  when  fuwd  hj 
the  blowpipe  flame  with  borax,  gives  a  brown  glass;  and  Uiis  glass,  if  melt- 
ed with  a  mineral  containing  potassa,  becomes  blue,  an  effect  which  is  nol 
produced  by  the  presence  of  soda. 

Peroxide, — When  potassium  bums  in  the  open  air  or  in  oxygen  gas,  it  is 
converted  into  an  orange-coloured  substance,  which  is  peroxide  of  potas- 
•  slum.  It  may  likewise  be  formed  by  conducting  oxygen  gas  over  potassa 
at  a  red  heat;  and  it  is  produced  in  small  quantity  when  potassa  is  heated 
in  the  open  air.  It  is  the  residue  of  the  decomposition  of  nitre  by  heat  ia 
metallic  vessels,  provided  the  temperature  be  kept  up  for  a  sufficient  time.* 
When  the  peroxide  is  put  into  water,  it  is  resolved  into  oxygen  and  potassa, 
the  former  of  which  escapes  with  effervescence,  and  the  latter  is  dissolved. 

Chloride  of  Potessium.— Potassium  takes  fire  spontaneously  in  an  atmo- 
sphere of  chlorine,  and  bums  with  greater  brilliancy  than  in  oxygen  gas. 
This  chloride  is  generated  with  evolution  of  hydrogen  when  potassium  is 
heated  in  hydrochloric  acid  gas ;  and  it  is  the  residue  after  the  decomposi- 
tion of  chlorate  of  potassa  by  heat  It  is  formed  when  potassa  is  dissolved 
in  a  solution  of  hydrochloric  acid,  and  is  deposited  by  slow  evaporation  in 
anhydrous  colourless  cubic  crystals.  It  has  a  saline  and  rather  bitter  taste, 
is  insoluble  in  alcohol,  and  requires  for  solution  3  parts  of  water  at  6U^,  and 
still  less  of  hot  water. 

Iodide  of  Poiaaaium. — ^Tliis  compound  is  formed  with  evolution  of  heat 
and  light,  when  potassium  is  heated  in  contact  with  iodine :  it  is  the  sole 
residue  aflcr  decomposing  iodate  of  potassa  by  heat ;  and  by  neutralizing 
potassa  with  hydriodic  acid  it  is  obtained  in  solution.  The  simplest  process 
for  preparing  it  in  quantity  is  to  add  iodine  to  a  hot  solution  of  pure  potassa 
until  the  ukali  is  neutralized,  when  iodide  of  potassium  and  Iodate  of 
potassa  are  generated,  evaporate  to  dryness,  and  expose  the  dry  mass  in  a 
platinum  crucible  to  a  gentle  red  heat  in  order  to  decompose  the  iodate. 
The  fused  mass  is  then  dissolved  out  by  water  and  crystallized.  Another 
process  is  to  digest  iodine  with  zinc  or  iron  filings  in  water,  and  then 
decompose  the  resulting  iodide  of  zinc  or  iron  by  a  quantity  of  potassa  just 
sufficient  to  precipitate  the  oxide. 

Iodide  of  potassium  fuses  readily  when  heated,  and  rises  in  vapour  at  a 
heat  below  fuU  redness,  especially  in  an  open  vessel.  It  u  very  soluble  in 
water,  requiring  only  two-thirds  of  its  weight  at  60°  for  solution^  and  in  a 
moist  atmosphere  deliquences.  It  dissolves  also  in  strong  alcohol,  even  in 
the  cold,  and  the  solution,  when  evaporated,  yields  colourless  cubic  crystals 
of  iodide  of  potassium. 

The  commercial  iodide  is  frequently  impure,  often  oontaining  chloride  of 

*  This  fact  was  ascertained  by  Dr.  Bridges  of  Philadelphia,  in  tlie  spring 
of  1837,  while  investigating  the  nature  of  the  gas  given  off,  on  the  addition 
of  water,  from  the  residue  of  nitre,  after  exposure  in  an  iron. bottle  to  a  red 
heat.  This  gas  proved  to  consist  of  oxygen  nearly  pure,  and  the  residue 
was  converted  into  a  solution  of  hydrate  of  potassa.  These  results  evident 
ly  prove,  that  the  residue  in  question  consists  of  peroxide  of  potassium.  Vr, 
Bridges  suggests  that  the  employment  of  this  residue  might  prove  conve- 
nient to  the  chemist  for  obtaining  oxygen  extemporaneously ;  as  it  would  be 
necessary  only  to  add  water  in  order  to  obtain  the  gas. — North  American 
Medical  and  Surgical  Journal^  v.  241. 
^  About  the  same  time  that  Dr.  Bridges  made  the  above  observations, 
similar  ones  were  made  by  Mr.  Phillips  in  London^ — Annali  of  PhUotopktft 
AprU  1837.— £d. 
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poCuwiam  or  ■odiam,  and  sulphate  or  carbonate  of  potana,  the  last  some- 
timea  in  a  very  large  quantity.  It  is  well  to  purchase  it  in  crystals,  whidft 
ought  not  to  deliquesce  in  a  moderately  dry  air,  but  when  in  powder  are 
completely  soluble  in  the  stron^st  alcohol. 

Iodine  is  freely  soluble  in  water  which  contains  iodide  of  potassium,  a 
brown  solution  reeulting,  which  has  been  thought  to  arise  from  potassium 
uniting  with  two  or  more  equivalents  of  iodine.  No  solid  compound  of  tha 
kind,  howcfer,  has  been  obtained. 

Bromide  of  Potastium, — ^This  compound  is  formed  by  processes  similar 
to  that  for  preparing  the  iodide,  and  is  analogous  to  it  in  most  of  its  proper* 
ties.  It  is  very  soluble  in  water,  and  crystalUzes  by  evaporation  in  anhy- 
drotts  cubic  crystals,  which  fuse  readily,  and  decrepitate  when  heated  like 
aea^^alL     It  is  but  slightly  soluble  in  alcohol. 

Fluoride  of  Potasnum. — ^This  compound  is  best  formed  by  nearly  satura- 
ting hydrofluoric  acid  with  carbonate  of  potassa,  evaporating  to  dryness  in 
platinum,  and  igniting  to  expel  any  excess  of  acid.  The  resulting  fluoride 
has  a  sharp  saline  taste,  is  alicaline  to  test  paper,  deliquesces  in  the  air,  and 
dissolves  freely  in  water.  On  evaporating  its  solution  at  a  temperature  of 
100°  it  may  be  obtained  in  cubes  or  rectangular  four-sided  prisms,  which 
ddiquesce  rapidly.  The  sedation  acts  on  glass  in  which  it  is  kept  or 
evaporated.  Heated  with  silicic  acid,  it  forms  a  fusible  limpid  glass,  which 
when  cold  is  opaque  and  deliquescent.  Water  dissolves  fluoride  of  potas- 
aium,  and  the  silicic  acid  is  IcfL 

Hydrogen  and  Potatnum, — ^These  substances  unite  in  two  proportions, 
forming  in  one  case  a  aolid  and  in  the  other  a  gaseous  compound.  The 
latter  is  produced  when  hydrate  of  potassa  is  decomposed  by  iron  at  a  white 
heat;  and  it  appears  also  to  be  generated  when  potassium  bums  on  the  sur- 
fiu:e  of  water.  It  inflames  spontaneously  in  air  or  oxygen  gas ;  but  on 
standing  forborne  hours  over  mercury,  the  greater  part,  if  not  the  whole  of 
the  potassium,  is  deposited. 

The  solid  hyduret  of  potassium  was  made  by  Gay-Lussac  and  Thenard, 
by  beating  potassium  in  hydrogen  gas.  It  is  a  gray  solid  substance,  which 
is  readily  decomposed  by  heat  or  contact  with  water.  It  does  not  inflame 
spontaneously  in  oxygen  gas. 

Carburet  of  Potaeeium, — ^This  compound  has  not  been  obtained  in  a  pure 
state;  bat  it  is  thought  to  form  part  of  the  residue  in  the  preparation  of 
potassium  from  charcoal  (page  294);  for  on  pouring  that  matter  into  water, 
e^rvescence  ensues  owing  to  the  escape  of  carburetted  hydrogen  gas,  and 
carbonate  of  potassa  is  found  in  solution. 

&iipAtireto  of  Patateium. — Potassium  unites  readily  with  sulphur  by  the 
aid  or  gentle  heat,  emitting  so  nrach  heat  that  the  mass  becomes  incan- 
descent The  nature  of  the  product  depends  on  the  proportions  which  are 
employed.  The  protosulphuret  is  readily  prepared  by  decomposing  sul- 
phate of  potaaaa  by  charcoal  or  hydrogen  gas  at  a  red  heat  (page  286).  It 
may  be  prepared  in  the  moist  way  by  a  process  which  will  bo  mentioned  in 
describing  the  sulphur-salts. 

The  proioBulphuret  of  potassium  fuses  below  a  red  heat,  and  acquires  on 
cocking  a  crystalline  texture.  It  has  a  red  colour,  its  taste  is  at  first  strong. 
]y  alkaline  and  then  sulphurous,  has  an  alkaline  reaction  with  test  paper, 
deliquesces  on  exposure  to  the  air,  and  is  soluble  in  water  and  alcohoL 
Most  of  the  acids  decompose  it  with  evolution  of  hydrosulphuric  acid  gas, 
and  without  any  deposite  of  sulphur.  It  takes  fire  when  heated  before  the 
blowpipe,  and  quickly  acquires  a  coating  of  sulphate  of  potassa,  which 
stops  the  combustion;  but  when  mixed  in  fine  division  with  charcoal,  it 
Undies  spontaneously,  forming  a  good  pyrophorus. 

The  ln$ulphuret  is  formed  by  exposing  a  aaturated  solution  in  alcohol  of 
hydroaulphate  of  sulphuret  of  potassium  (KS-f  HS),  until  a  pellicle  begins 
to  finrm  upon  ita  surface,  and  then  evaporating  to  dryness  without  further 
•xpoeure.  The  first  change  conaista  in  oxygen  of  the  air  uniting  with  hy. 
drogan  of  hydrosulphuric  aoid,  the  sulphur  of  which  unites  with  potassium. 
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Then  the  formation  of  hyposttlphuroas  acid  beginB;  and  ss  the  fayponl^te 
of  potaasa  is  insoluUe  in  alcohol,  it  gives  a  peUicle  on  its  sur&ce. 

The  tertulj^ret  is  prepared  pare  by  transmitting  the  vapour  of  bisulphn- 
ret  of  carbon  over  carbonate  of  potassa  at  a  red  heat,  as  long^  as  carbonio 
acid  or  carbonic  oxide  gases  are  disengajjfed.  It  is  also  formed  when  car- 
bonate  of  potassa  is  heated  to  low  redness  with,  half  its  weight  of  sulphur, 
nntil  the  mass  appears  in  tranquil  fusion :  the  oxygen  of  3.4ths  of  the  po- 
tassa unites  with  sulphur  to  form  sulphuric  acid,  which  exactly  suffices  to 
neutralize  l-4th  of  the  alkali,  and  all  the  carbonic  acid  is  evolved  as  gas. — 
Thus 

4  eq.  potassa  and  10  eq.  sulphur  3  3  eq.  tertulphuret  &  1  eq.  sniphate. 
4CK+0)  lOS  '^      3(K+3S)         (K+0)+cS-|-30). 

This  is  known  under  the  name  of  2trer  of  sulphur  (p.  268). 

The  quadrosulphuret  is  prepared  by  transmitting  the  vapour  of  bisnlpho.^ 
ret  of  carbon  over  sulphate  of  potassa  at  a  red  heat,  until  carbonic  acid  gas 
ceases  to  be  disengaged;  or  by  conducting  the  same  process  with  the  ter- 
■nlphoret  prepared  by  the  second  method,  until  its  sulphuric  acid  and  potassa 
are  decomposed. 

The  quintosulphuret  is  formed  by  fusing  carbonate  of  potassa  with  its 
own  weight  of  sulphur,  the  residue  containing  sulphate  of  potassa  as  in  pre* 
parine  the  tersulphuret  Each  equivalent  of  potassium  is  united  with  five 
of  sulphur,  being  the  highest  degree  of  sulphuration  which  can  be  formed 
by  fusion. 

These  four  last  sulpburets  are  deliquescent  in  the  air,  have  a  sulphnroos 
odour,  and  are  soluble  in  water ;  and  those  who  consider  them  to  decompose 
water  in  dissolving,  suppose  the  formation  of  corresponding  compounds  of 
hydrogen  and  sulphur.  On  decomposing  the  solutions  with  hydrochloric  or 
sulphuric  acid,  the  changes  ensue  which  have  already  been  explained  (paffe 
260).  As  the  solution  of  the  quintosulphuret  dissolves  sulphur,  a  still  higher 
de^ee  of  sulphuration  must  probably  exist. 

i*ho8phureis  of  Potassium. — When  potassium  is  heated  in  phosphuretted 
hydrogen  ga^,  it  takes  fire,  phosphuret  of  potassium  is  formed,  and  hydrogen 
set  free;  and  combination  is  also  effected  by  gently  heating  phosphorus 
with  potassium.  The  number  and  proportion  of  these  compounds  have  not 
yet  been  determined.  They  decompose  water  with  formation  of  phosphu- 
retted hydrogen,  potassa,  and  some  acid  of  phosphorus. 

SeUniurets  of  Potassium, — ^Thesc  elements  unite  when  fused  together, 
sometimes  with  explosive  violence,  forming  a  crystalline  fusible  compound 
of  an  iron.gray  colour  and  metallic  lustre.  It  dissolves  completely  in  water, 
yielding  a  deep  red  solution,  very  similar  in  tas1»  and  odour  to  solutions  of 
sulphuret  of  potassium.  On  adding  an  acid,  hydroselenic  acid  gas  is 
evolved,  and  selenium  deposited.  Solution  of  potassa  dissolves  selenium, 
and  gives  rise  to  a  selcniuret  of  potassium  and  sclenite  of  potassa;  and  the 
same  compounds  are  formed  when  selenium  is  heated  with  carbonate  of 
potassa. 

Cffanuret  of  Potassium. — ^This  substance  is  always  produced  when  animal 
matters  are  decomposed  by  heat  along  with  potassa ;  but  the  best  mode  of 
preparing  it,  is  to  heat  anhydrous  ferrocyanuret  of  potassium  to  redness  in 
an  iron  bottle,  furnished  with  a  tube  for  the  escape  of  gas,  as  long  as  any 
gas  is  disengaged.  The  cyanuret  of  iron  is  thus  resolved  into  a  carburet  of 
iron  and  nitrogen,  and  the  former  remains  mixed  with  cyanuret  of  potas- 
sium: the  latter  should  be  dissolved  in  the  smallest  possible  quantity  of  cohi 
water,  and  the  solution,  aflcr  subsiding  in  a  corked  bottle,  be  rapidly  filtered, 
and  brought  to  dryness  in  vacuo  by  means  of  sulphuric  acid. 

Cyanuret  of  potassium  is  very  fusible,  bears  a  strong  heat  without  de- 
eomposition,  provided  air  and  water  are  excluded,  and  may  be  preserved  in 
a  well-stoppered  bottle  without  change.  It  oflen  crystallizes  after  fusion  in 
colourless  cubes.  Exposed  to  the  air  it  gradually  becomes  moist,  and 
nneUt  strongly  of  hydrocyanic  acid.    Its  taste  is  pungent  and  alkaline. 
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Ibilowed  by  the  flavour  of  bydrooyanic  acid,  and  it  has  an  alkaline  reaction. 
It  ia  poiioDous,  acting  on  animals  in  the  same  manner  as  hydrocyanic  acid. 
In  water  it  is  very  soluble,  and  also  dissolves,  though  less  readily,  in  aloo* 
hoL  Its  solution  is  decomposed  by  acids,  potassa  and  hydrocyanic  acid 
being  generated,  a  change  which  is  caused  even  by  the  carbonic  acid  of  the 
air.  On  beating  its  solution  a  complex  change  ensues,  during  which,  firom 
reaction  between  the  elements  of  water  and  cyailogen,  carbonic  acid,  hydro> 
cyanic  acid,  and  ammonia  are  generated. 

The  impurities  which  cyanuret  of  potassium  is  apt  to  contain,  are  ferro* 
cyannret  of  potassium  and  carbonate  of  potassa.  The  former  may  be  de- 
tected by  its  forming  Prussian  blue  with  sulphate  of  peroxide  of  iron,  an 
effect  which  pure  cyanuret  of  potassium  does  not  occasion;  and  it  may  be 
got  rid  of  by  renewed  exposure  to  heat  Carbonate  of  potassa  is  present  if 
a  Bolntion  of  the  cyanuret  gives  a  precipitate  of  carbonate  of  lime  in  a 
solution  of  chloride  of  calcium ;  and  the  cyanuret  is  purified  by  solution  in 
boiling  alcohol,  out  of  which  it  separates  by  evaporation. 

Sulj»hocyanuret  of  Potassium. — ^To  prepare  this  compound  take  anhydrous 
ferrocyanuret  of  potassium  in  powder,  mix  it  with  an  equal  weight  of  sul- 
phur, and  heat  the  mixture  in  a  porcelain  vessel  to  a  strong  heat,  somewhat 
short  of  redness.  The  mixture  speedily  fuses,  takes  fire,  and  burns  briskly 
ibr  a  few  minutes,  during  which  it  should  be  well  stirred.  In  this  process 
sulphur  unites  with  2.3rds  of  the  cyanogen,  forming  bisulphuret  of  cyano- 
gen; ]-3rd  of  the  cyanogen  is  decomposed,  yielding  bisulphuret  of  carbon 
and  nitrogen,  which  escape ;  and  the  iron  combines  with  sulphur.  On  add- 
ing water  and  filtering,  a  colourless  solution  is  obtained,  and  on  the  filter 
remains  solphuret  of  iron  of  a  green  colour.  It  often  happens  that  the 
eolation  afler  a  few  hours  becomes  red,  owing  apparently  to  the  presence  of 
•ulphocyanoret  of  iron,  the  metal  of  which  is  oxidized  by  the  oxygen  of  the 
air:  in  that  case  a  quantity  of  carbonate  of  potassa  should  be  added,  which 
just  suffices  to  precipitate  the  iron,  and  the  solution  be  again  filtered.  The 
■eoond  process  may  be  prevented,  and  the  product  increased,  by  mixuig 
with  the  ferrocyanuret  of  potassium  about  l-5th  of  its  weight  of  pure  car- 
bonate of  potassa  before  fusion  with  sulphur. 

Sulphocyanuret  of  potassium  is  very  fusible,  and  in  close  vessels  bears  a 
strong  beat  without  decomposition,  it  has  a  cool  saline  taste,  similar  to 
that  of  nitre,  deliquesces  in  the  air,  is  very  soluble  in  water,  and  is  likewise 
dissolved  by  aloohoL  A  hot  concentrated  solution  depoeites  confused  oris- 
matie  crystals  as  it  cools.  It  is  quite  neutral  to  test  paper,  and  may  be  kept 
even  in  water  without  change. 


SECTION  II. 

SODIUM. 

Soomif,  the  natrium  of  the  (vermans,  was  discovered  in  1807,  a  fow  days 
afier  the  discovery  of  potassium.  The  first  portions  of  it  were  obtained  by 
means  of  galvanism ;  but  it  may  be  procured  in  much  larger  quantity  by 
efaemical  processes,  precisely  similar  to  those  described  in  the  last  section. 

Sodium  has  a  strong  metallic  lustre,  and  in  colour  is  very  analogous  to 
silver.  It  is  so  soft  at  common  temperatures,  that  it  may  be  formed  into 
leaves  by  the  pressure  of  the  fingers.  It  fuses  at  200^^,  and  rises  in  vapour 
at  a  red  heat    lu  specific  gravity  is  0^72. 

Sodium  soon  tarnishes  on  exposure  to  the  air,  though  less  rapidly  than 
potassium.  Like  that  metal  it  is  instantly  oxidized  by  water,  hydrogen  gas 
la  temporary  union  with  a  little  sodium  being  disenffaged.  When  thrown 
on  cold  water,  it  swims  on  its  sorfiice  and  is  rapidTr  ozidiaed,  though  in 
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general  without  inflaming ;  bat  with  hot  water  it  ecintiilates,  or  even  takee 
fire.  Dr.  Ducatei  finds  that  the  heat  riiea  high  enough  for  inflanunation 
with  oold  water,  if  the  aodiom  be  ccmfioed  to  one  spot,  and  the  water  reel 
on  a  non.oonducting  substance,  such  as  charcoal.  (Silliman's  Journal,  xjnr. 
90.)  In  each  case,  soda  is  generated,  and  the  water  acquires  an  alkaline  re- 
action. 

The  composition  of  soda  was  determined  by  the  same  methods  as  that  of 
potassa,  and  agreeably  to  the  observations  of  Benelins  23.3  may  be  taken 
as  the  equivalent  of  sodium.  The  composition  of  the  compounds  of  sodium 
described  in  this  section  is  as  follows :— - 

Sodium.  Eqaiv.  Forrouls. 

Protoxide  23.3     1  eq.+Oxygen        8       1  eq^  31.3      Na+O  or  Na. 
Peroxide    46.6    2  eq.+     do.  24       3  eq.=  70.6    2Na+30  or  Ha. 

Chloride    23.3    1  cq.+Chlortne     35.42  1  eq.=  58.72    Na+Q  or  NaCI. 
Iodide        23.3     1  eq.4-lodine       I2G.3     1  eq.=  I49.6       Na+I  or  Nal. 
Bromide    23.3    1  eq 4- Bromine    78.4     I  eq.=  10].7      Na+BrorNaBr. 
Fluoride    23.3     1  eq.4-Fluorine    18.68   1  eq.=  41.98    Na+F  or  NaF. 
Sulphuret  23.3    1  eq.4-Sulphur     16.1      1  eq.=:  39.4      Na-f  SI  or  NaS. 
Cyanurct  23.3     1  eq.J.Cyanogen  26.39  1  eq.=  49.69    Na-f  Cy  or  NaCy. 
Sulphocy.  {  OQ  Q  1  ^  .   )  Cyanogen  26.39  (  58.59  1  eq.=  )  Na+(Cy+2S) 
anuret   \  ^^  ^  ^'+  )  Sulphur     325    \  81.89  ]   or  Na+CyS«. 

Chloride  or  soda.    Composition  uncertain. 

Soda, — ^The  protoxide  of  sodium,  commonly  called  soda,  and  by  the  Ger- 
mans fiolroR,  is  formed  by  the  oxidation  of  sodium  in  air  and  water,  as  po- 
tassa is  from  potassium.  In  its  anhydrous  state  it  is  a  gray  solid,  difficult  of 
fiision,  and  very  similar  in  all  its  characters  to  potassa.  With  water  it  forme 
a  solid  hydrate,  easily  fusible  by  heat,  which  is  very  caustic,  soluble  in  wa- 
ter and  lUcohol,  has  powerfiil  alkaline  properties,  and  in  all  its  chemical  re- 
lations is  exceedingly  andogous  to  potassa.  It  is  prepared  from  the  solution 
of  pure  soda,  exactly  in  the  same  manner  as  the  corresponding  preparation 
of  potassa.  The  solid  hydrate  is  composed  of  31.3  parts  or  one  equivalent  of 
soda,  and  9  parts  or  one  equivalent  of  water. 

Soda  is  readily  distinguished  from  other  alkaline  bases  by  the  following 
characters.  1.  It  yields  with  sulphuric  add  a  salt,  which  by  its  taste  and 
form  is  easily  recognised  as  Glauber's  salt,  or  sulphate  of  soda.  2.  All  its 
salts  are  soluble  in  water,  and  are  not  precipitated  by  any  reagent.  3.  On 
exposing  its  salts  by4neans  of  platinum  wire  to  the  blowpipe  flame,  they 
communicate  to  it  a  rich  y^Uow  colour. 

Peroxide  of  Sodium, — ^This  compound  is  formed  when  sodium  is  heated 
to  redness  in  an  excess  of  oxygen  gas.  It  has  an  orange  colour,  has  beither 
acid  nor  alkaline  properties,  and  is  resolved  by  water  into  soda  and  oxygen. 

Chloride  of  Sodium* — ^Thia  compound  may  be  formed  directly  by  burn- 
ing sodium  m  chlorine,  by  heating  sodium  in  hydrochloric  acid  gas,  and  by 
neutralizing  soda  with  hydrochloric  acid.  It  exists  as  a  mineral  under  the 
name  of  rock  oaUy  is  the  chief  ingredient  of  sea-water,  and  is  contained  in 
many  saline  springs.  From  these  sources  arc  derived  the  difierent  varieties 
of  common  salt,  such  as  rock,  bay,  fishery,  and  stoved  salt,  which  diffiu*  from 
each  other  only  in  degrees  of  purity  and  mode  of  preparation. 

The  common  varieties  of  salt,  of  which  rock  and  bay  salt  are  the  purest, 
always  contain  small  quantities  of  sulphate  of  magnesia  and  lime,  and  chlo- 
ride of  magnesium.  These  earths  may  be  precipitated  as  csrbonates  by  boil- 
ing a  solution  of  salt  for  a  few  minutes  with  a  slight  excess  of  carbonate  of 
soda,  filtering  the  liquid,  and  neutralizing  with  hydrochloric  acid.  On  eva- 
porating this  solution  rapidly,  chloride  of  sodium  crystalliws  in  hoHow  four- 
sided  pyramids ;  but  it  occurs  in  regular  cubic  crystals  when  the  solution  is 
alloweid  to  evaporate  spontaneously.  Tliese  crystals  contain  no  water  of 
oystalKntion,  but  decrepitate  remarkabljr  when  heated,  owing  to  the  expan- 
sion of  water  mechanically  confined  within  them. 
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Pure  chloride  of  aodiam  has  an  agreeably  sallDe  taste.  It  fuses  at  a  red 
heat,  and  becomes  a  transparent  brittle  mass  on  cooling.  It  deliquesces 
slightly  in  a  moist  atmosphere,  but  undergoes  no  change  when  the  air  is 
dry.  In  pure  alcohol  it  is  insoluble.  It  requires  twice  and  a  half  its  weight 
of  water  at  60^  for  solution,  and  its  solubility  is  not  increased  by  heat  Hy- 
drous sulphuric  acid  deconiposes  it  with  evolution  of  hydrochloric  acid  gas, 
and  formation  of  sulphate  of  soda. 

The  uses  of  chloride  of  sodium  are  well  known.  Besides  its  employment 
in  seasoning  food,  and  in  preserving  meat  from  putrefaction,  a  property 
which  when  pure  it  possesses  in  a  high  degrree,  it  is  used  for  various  pur- 
poses  in  the  arts,  especially  in  the  formation  of  hydrochloric  acid  and  chlo> 
ride  of  lime. 

Iodide  of  Sodium, — It  is  obtained  pure  by  processes  similar  to  those  for 
preparing  iodide  of  potassium;  but  it  is  contained  in  sea-water,  in  many 
salt  sprines,  and  in  tne  residual  liquor  from  kelp  (page  228.)  It  is  a  neutral 
compound^  deliquescent  in  the  air,  soluble  in  water  and  alcohol,  fuses  rea- 
dily by  heat,  and  is  volatile,  though  in  a  less  degree  than  iodide  of  potas- 
sium. Evaporated  at  123°  it  crystallizes  fVom  its  aqueous  solution  in  cubes, 
which  Berielius  found  to  contain  20i23  per  cent  of  water. 

Bromide  of  Sodium, — This  compound  is  very  analogous  to  sea-salt,  and 
is  associated  with  it  in  sea-water  and  miist  salt  springs.  At  86°  it  crystal- 
Hies  from  its  aqueous  solution  in  anhydrous  cubes ;  but  at  lower  tempera- 
tares  it  separates  in  hexagonal  tables,  which  Mitscherlich  found  to  contain 
26.37  per  cent  of  water,  or  four  equivalents  to  one  eq.  of  the  bromide. 

Fluoride  of  Sodium, — ^This  compound  is  formed  by  neutralizing  hvdro- 
flooric  acid  by  soda,  and  by  igniting  the  double  fluoriiJe  of  sodium  ancl  siH- 
etum,  when  the  fluoride  of  silicium  is  expelled.  When  obtained  by  the  se- 
cond process,  it  crystallizes  from  its  aqueous  solution  in  rhomboidal  crystals, 
but  is  obtained  in  cubes,  its  proper  form,  by  a  second  crystallization :  when 
carbonate  of  soda  is  present  it  crystallizes  in  octobedrons. 

Fluoride  of  sodium  in  crystals  is  anhydrous,  is  almost  insoluble  in  alcohol, 
and  requires  25  times  its  weight  both  of  hot  and  cold  water  for  solution.  It 
attacks  glass  vessels  when  evaporated  in  them,  and  by  fusion  tinites  with 
silicic  acid,  forming  a  glass  which  is  more  fusible  than  the  pure  fluoride ; 
but  water  dissolves  out  the  fluoride,  and  leaves  the  silicic  acid. 

SMpkuret  of  Sodium. — ^The  protosulphuret  is  obtained  by  processes  simi- 
kr  to  those  for  protosulphuret  of  potassium,  to  which  in  its  taste  and  chemi- 
cal reUtions  it  is  veir  similar.  A  concentrated  solution  of  it  yields  hydrated, 
square,  four-sided  prisms,  which,  when  heated,  fuse  in  their  water  of  crys- 
tallization, and  then  leave  a  white  anhydrous  mass.  It  deliquesces  in  the  air, 
»  very  soluble  in  water,  and  is  also  dissolved,  though  in  a  smaller  degree, 
by  alcohol  In  solution  it  absorbs  oxygen  very  rapidly  from  the  air,  and 
passes  into  hyposulphate  of  soda. 

Sodium  unites  with  sulphur  in  other  proportions ;  but  the  resulting  com- 
pounds hare  not  been  studied. 

According  to  Gmelin  of  Tubingen,  sulphuret  of  sodium  is  the  colouring 
principle  of  lama  fatvb*,  to  which  the  colour  of  ultra-marine  is  owing ;  and 
lie  has  succeeded  in  preparing  artificial  ultra-marine  by  heating  sulphuret  of 
sodium  with  a  mixture  of  sihcic  acid  and  alumina.  (An.  de  Ch.  et  de  Ph. 
zxxvii.  409.) 

Chloride  of  Soda, — ^This  compound  has  lately  acquired  the  attention  of 
scientific  men  under  the  name  of  Labarraque*s  dioinfeeting  eoda  liquid, 
which  was  announced  by  M.  Labarraque  as  a  compound  o?  chlorine  and 
soda,  anal<Mfous  to  the  well-known  bleaching  powder,  chloride  of  lime.  The 
nature  of  this  liquid  hss  been  since  investigated  by  Mr.  PhiUips  and  Mr. 
Faraday,  especially  by  the  latter ;  and  it  appears  fVom  the  experiments  of 
this  chemist,  that  while  chloride  of  soda  is  the  active  ingredient,  its  proper- 
ties are  considerably  modified  by  the  presence  of  carbonate  of  soda.  (Quar- 
terly  Journal  of  Science,  N.  S.  ii.  84.) 

Fore  chloride  of  soda  is  easily  prepared  by  transmitting  to  saturation  a 
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ourrent  of  chlorine  gtt  into  a  cold  and  rather  dilute  solution  of  eaottic  loda. 
Common  carbonate  of  soda  may  be  substituted  for  the  pore  alkali ;  but  oon- 
■iderable  excess  of  chlorine  must  then  be  employed  in  order  to  displace  the 
whole  of  the  carbonic  acid.  It  may  also  be  formed  eaidly,  cheaply,  and  of 
uniform  strengfth,  by  decomposing  chloride  of  lime  with  carbonate  of  soda, 
as  proposed  by  M.  rayen.  (Quart.  Journal  of  Science,  N.  S.  i.  236.)  How- 
ever prepared,  iti|  properties  are  the  same.  As  its  constituents  are  retained 
in  combination  by  a  feeble  affinity,  the  compound  is  easily  destroyed.  It 
omits  the  odour  of  chlorine,  and  possesses  the  bleaching  properties  of  that 
substance  in  a  very  high  degree.  When  kept  in  open  vesseb,  it  is  slowly  de- 
composed by  the  carbonic  acid  of  the  atmosphere  with  evolution  of  chlorine ; 
and  the  change  is  more  rapid  in  air  charged  with  putrid  effluvia,  because  the 
carbonic  acid  produced. during  putrefaction  promotes  the  decomposition  of 
the  chloride.  On  this,  as  was  proved  by  M.  Gaultier  de  Chanbry,  depends 
the  efficacy  of  an  alkaline  chloride  in  purifying  air  loaded  with  putrescent 
exhalations.  When  the  solution  is  heated  to  the  boiling  point,  or  concen- 
trated by  means  of  heat,  the  chloride  undergoes  a  change  previously  ex- 
plained (page  211),  and  is  converted  into  chlorate  of  soda  and  chloride  of  so- 
dium. 

Chloride  of  soda  ma^  be  employed  in  bleaching,  and  for  all  purposes  to 
which  chlorine  gas  or  its  solution  was  formerly  applied.  It  is  now  much 
used  in  removing  the  offensive  odour  arising  from  drains,  sewers,  or  all 
kinds  of  animal  matter  in  a  state  of  putrefaction.  Bodies  disinterred  for  the 
purpose  of  judicial  inquiry,  or  parts  of  the  body  advanced  in  putrefaction, 
may  by  its  means  be  rendered  6t  for  examination ;  and  it  is  employed  in 
surgical  practice  for  destroying  the  fetor  of  malignant  ulcers.  Clothes  worn 
by  persons  during  pestilential  diseases  are  disinfected  by  being  washed  with 
this  compound. 

It  is  also  used  in  fumigating  the  chambers  of  the  sick;  for  the  disengajgfe- 
ment  of  chlorine  is  so  gradual,  that  it  does  not  prove  injurious  or  annoying 
to  the  patient  In  all  these  instances  chlorine  appears  actually  to  decom- 
pose noxious  exhalations  by  uniting  with  the  elements  of  which  they  consist, 
and  especially  with  hjrdroffen. 

In  preparing  the  disintecting  liquid  of  Labarraque,  it  is  necessary  to  be 
exact  in  the  proportion  of  the  ingredients  employed.  The  quantities  used 
by  Mr.  Faraday,  founded  on  the  directions  of  Labarraque,  are  the  following. 
He  dissolved  2o00  grains  of  crystallized  carbonate  of  soda  in  1.28  pints  of 
water,  and  through  tlie  solution,  contained  in  Woulfb^s  apparatus,  was  trans- 
mitted the  chlorine  evolved  from  a  mixture  of  967  grains  of  sea-salt  and 
750  grains  of  peroxide  of  manganese,  when  acted  on  by  967  grains  of  sul- 
phuric acid,  diluted  with  750  grains  of  water.  In  order  to  remove  any  ac- 
companying hydrochloric  acid  gas,  the  chlorine  before  reaching  the  soda 
was  conducted  through  pure  water,  by  which  means  nearly  a  tliird  part  was 
dissolved,  but  the  remaining  twcthirds  were  fully  sufficient  for  the  purpose. 
The  gas  was  readily  absorbed  by  the  solution,  and  from  the  beginning  to 
the  end  of  the  process,  not  a  particle  of  carbonic  acid  gas  was  evolved ; 
whereas,  by  employing  an  excess  of  chlorine,  the  carbonic  acid  may  be  en* 
tirely  expelled. 

The  solution  thus  prepared  has  all  the  characters  of  Labarraque's  soda 
liquid.  Its  colour  ia  pale  yellow,  and  it  has  but  a  slight  odour  of  chlorine. 
Ite  taste  is  at  first  sharp,  saline,  and  scarcely  at  all  alkaline;  but  it  produces 
a  persisting  biting  effect  upon  the  tongue.  It  first  reddens  and  then  de- 
stroys the  colour  of  turmeric  paper.  When  boiled  it  does  not  give  out  chlo- 
rine, nor  is  ite  bleaching  power  perceptibly  impaired;  and  if  carefully  eva- 
porated, it  yields  a  mass  of  damp  crystels,  which,  when  re-dissolved,  bleach 
almost  as  powerfully  as  the  original  liquid.  When  rapidly  evaporated  to 
dryness,  the  residue  contains  scarcely  any  chlorate  of  soda  or  chloride  of 
•odium;  but  it  has  nevertheless  lost  more  than  half  of  ite  bleaching  power, 
and,  therefore,  chlorine  must  have  been  evolved  during  the  evaporation. 
The  solution  deteriorales  gradually  by  keeping,  chloric  acid  and  chloride  of 
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■odium  being  generated.    When  allowed  to  evaporate  epontaneoualv,  chlo- 
rine gas  is  gradaally  evolyed,  and  crystals  of  carbonate  of  soda  renuun. 

In  some  respects  the  nature  of  this  liquid  is  still  obscure;  bat  from  the 
precedin|r  fibcts,  drawn  from  the  essay  of  Mr.  Faraday,  two  points  seem  to 
be  established.  First,  that  the  liquid  contains  chlorine,  carbonic  acid,  and 
soda.  Secondly,  that  the  chlorine  is  not  simply  combined  either  with  water 
or  soda;  for  b^  boiling,  the  gas  is  neither  expelled  as  it  would  be  from  an 
aqueous  solution,  nor  does  the  liquid  yield  chloric  acid  and  chloride  of  so- 
dium as  when  pure  chloride  of  soda  is  heated.  It  may  perhaps  be  regard- 
ed as  a  compound  of  chloride  and  bicarbonate  of  soda.  Its  production  may. 
be  conceived  by  supposing,  that  when  chlorine  is  introduced  in  due  quantity 
into  a  solution  of  carbonate  of  soda,  it  combines  with  half  of  the  alkali, 
while  the  remainder,  with  all  the  carbonic  acid,  constitutes  bicarbonate  of 
soda.  Should  this  salt  unite,  though  by  a  feeble  affinity,  with  chloride  of 
soda,  both  may  thenoe  derive  a  degree  of  permanence  which  neither  siQgfy 
possesses.  During  spontaneous  evaporation,  the  tendency  of  the  common 
carbonate  to  crystallize  may  occasion  its  reproduction,  and  the  disengage. 
Bwiit  of  chlorine.    These  remarks,  however,  are  merely  speculative. 


SECTION  III. 

LITHIUM. 

Datt  succeeded  by  means  of  galvanism  in  obtaining  from  lithia  a  white- 
coloured  metal  like  sodium ;  but  it  was  oxidized,  and  thus  reconverted  into 
lithia,  with  such  rapidity  that  its  properties  could  not  be  farther  examined. 
Its  equivalent,  inferred  from  the  composition  of  sulphate  of  lithia  by  Stro- 
meyer  and  Thomson,  is  10;  but  the  accuracy  of  thu  estimate  is  rendered 
doubtful  by  the  experiments  of  M.  Herrman,  according  to  which  6  is  a 
nearer  estimate.  The  compounds  of  lithium  described  m  this  section  are 
thus  constituted  :— 

Lithium. 
Lithia  10  1  eq.+Oxvgen 

Chloride    .        10  1  eq.+ Chlorine 
Fluoride    .        10  1  eq.+ Fluorine 

IMia. — ^This,  the  only  known  oxide  of  lithium,  was  discovered  in  1818 
by  M.  Arfwedson  (An.  de  Ch.  et  de  Ph.  x.)  in  a  mineral  called  peUtUU;  and 
its  presence  has  since  been  detected  in  spodumene,  lepidolite,  and  in  several 
varieties  of  mica.  Berzelius  has  found  it  also  in  the  waters  of  Carlsbad  in 
Bohemia.  From  the  circumstance  of  its  having  been  first  obtained  from  an 
earthy  mineral,  Arfwedson  gave  it  the  name  of  lithion,  (from  aMIiioc,  lapu 
deuMf)  a  term  since  changed  in  this  country  to  lithia.  It  has  hitherto  beiBn 
procured  in  small  quantity  only,  because  spodumene  and  petalite  are  rare, 
and  do  not  contain  more  than  6  or  8  per  cent  of  the  alkali.  It  b  combined 
in  these  two  minerals  with  silicic  acid  and  alumina ;  whereas  potassa  is  like* 
wise  present  in  lepidolite  and  lithion-mica,  and,  therefore,  lithia  should  be 
prepared  solely  from  the  former. 

The  best  process  for  preparing  lithia  is  that  which  was  suggested  by 
Berzelius.  One  part  of  petalite  or  spodumene,  in  fine  powder,  is  mixed  in- 
timately  with  two  parts  of  fluor  spar,  and  the  mixture  is  heated  with  three 
or  four  times  its  weight  of  sulphuric  acid,  as  long  as  any  acid  vapours  are 
disengaged.  The  silicic  acid  of  the  mineral  is  attacked  by  hydrofluoric 
acid,  and  dissipated  in  the  form  of  fluosilicic  gas,  while  the  alumina  and 
lithia  unite  with  sulphuric  acid.    After  diasolTing  these  salts  in  water,  the 
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Equiv. 

Formuln. 

8         1  eq.»18 
35.42    leq.=45.42 
18.68    leq.»28.68 

L-f  0  or  L. 
L-f  CI  or  LCI. 
H-F  or  LF. 
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■olution  is  boiled  with  pure  ammonia  to  precipitate  the  alumina:  it  is  then 
filtered  and  evaporated  to  dryness,  and  the  drj  mass  heated  to  redness  to 
expel  the  sulphate  of  ammonia.    The  residue  is  pure  sulphate  of  lithia.* 

Lithia,  in  its  alkalinity,  in  forming  a  hydrate  with  water,  and  in  its 
ehemical  relations,  is  closely  allied  to  potassa  and  soda.  It  is  distinguished 
from  them  by  its  greater  neutralizing  power,  by  forming  sparingly  soluble 
compounds  with  carbonic  and  pbosphoric  acids,  and  by  its  salts,  when  heat- 
ed on  platinum  wire  before  th^  blowpipe,  tinging  the  flame  of  a  red  colour. 
Also,  when  fused  on  platinum  foil,  it  attacks  tliat  metal  and  leaves  a  duU 
yellow  trace  round  the  spot  where  it  lay.  It  is  distinguished  from  baryta, 
strontia,  and  lime,  by  forming  soluble  wits  with  sulphuric  and  oxalic  acids, 
and  from  magnesia  by  its  carbonate,  though  sparingly  soluble  in  water, 
forming  with  it  a  solution  which  has  an  alkidine  reaction. 

ChlorUU  of  LUkium. — It  is  readily  obtained  by  dissolving  lithia  or  its 
carbonate  in  hydrochloric  acid.  Like  the  chlorides  of  sodium  and  potas- 
Mum,  it  yields  by  evaporation  in  a  warm  place  colourless,  anhydrous,  cubic 
orrstals,  which  differ  from  those  chlorides  in  being  very  deliquescent,  dis- 
solving  freely  in  alcohol  as  well  as  water,  and  in  its  alcoholic  solution  buni* 
ing  with  a  red  flame. 

The  iodide  and  bromide  of  lithium  have  not  been  examined. 

Fiuoride  of  Liihium. — ^This  is  a  fusible  compound,  prepared  b^  dissolving 
lithia  in  hydrofluoric  acid,  and  possesses  about  the  same  solubility  in  water 
as  the  carbonate. 


CLASS  I. 

ORDER  11. 
METALLIC  BASES  OF  THE  ALKALINE  EARTHS. 

SECTION  IV. 

BARIUM. 

Davt  discovered  barium,  the  metallic  base  of  baryta,  in  the  year  1808,  by 
a  process  suggested  by  Berzelius  and  Pontin.  It  consists  in  forming  car- 
bonate of  baryta  into  a  paste  with  water,  placing  a  globule  of  mercury  in  a 
little  hollow  made  in  its  surface,  and  laying  the  paste  on  a  platinum  tray 
which  communicated  with  the  positive  pole  of  a  galvanic  battery  of  100 
double  plates,  while  the  negative  wire  was  in  contact  with  the  mercury. 
The  baryta  was  decomposed,  and  its  barium  combined  with  mercury.  This 
amalgam  was  then  heated  in  a  vessel  free  from  air,  by  which  means  the 
mercury  was  expelled,  and  barium  obtained  in  a  pure  form* 

Barium,  thus  procured,  is  of  a  dark  gray  colour,  with  a  lustre  inferior  to 
cast  iron.  It  is  far  denser  than  water,  for  it  sinks  rapidly  in  strong  sulphu- 
ric acid.  It  attracts  oxygen  with  avidity  from  the  air,  and  in  doing  so 
yields  a  white  powder,  which  is  baryta.  It  effervesces  strongly,  fl'om  the 
escape  of  hydrogen  gas,  when  thrown  into  water,  and  a  solution  of  baryta 
is  produced.  It  has  hitherto  been  obtained  in  very  minute  quantities,  and 
consequently  its  properties  have  not  been  determined  with  precision. 

*  The  sulphate  of  lithia  may  be  decomposed  by  acetate  of  baryta,  and 
the  acetate  of  lithia  thus  obtained,  by  exposure  to  a  red  heat,  is  converted 
into  the  carbonate.  The  carbonate  may  tlien  be  brought  to  the  state  of  a 
caustic  hydrate  by  the  action  of  lime  in  the  usual  manner. — Ed. 
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Tbe  eqoivaleiit  of  bftriam,  dedooed  from  an  analysis  of  the  chloride  by 
Benelius  and  myself,  is  68.7.  The  composition  of  its  compounds  described 
in  this  section  is  as  follows :— - 


Barium. 
Protoxide   68.7     1  eq.+Oz7gen  8 


Peroxide  68.7 

Chloride  68.7 

Iodide  68.7 

Bromide  6a7 

Flooride  68.7 

Salphuret  68.7 

Cyanuret  68.7 

Sulphocy.68.7  1 


1  eq.+l>itto       16 
leq^-ChloruL  35.43 
1  eq.-4-Iodine  136.3 

1  eq.4~B'^™'°®^^^ 
1  eq4-Flu*rineia68 
1  eq.4-Suiphur  16.1 
leq.-f.Cyanofir.  36.39 


leq. 
3eq.= 
leq.= 
leq. 
len.: 
leq.s 
leq. 
_leq.s 


-,    .    5Cyanog.26.391eq.) 
®^*+i  Sulphur  33.3  3eq.  J 


Equi?. 
s  76.7 
=  84.7 
a04.13 
=  195 
s  147.1 
=  87^ 
r  84.8 
a  95.09 

=  137.39 


Formulae. 
Ba+O  or  Ba. 
Ba+30  or  Ba. 
Ba-fCl  or  Bad 
Ba+l  or  Bal. 
Ba+Br  orBaBr. 
Ba+F  or  BaF. 
Ba4-SorBa& 
Ba4.(C3N)orBaCy. 
>Ba\f(CtN+3a) 
}      orBa+CyS«. 


Protoxide  of  Barttim*— Baryfes,  or  Baryta^  so  called  from  the  great  den- 
sity  of  its  oompooods,  (from  0*^ur,  heavy,)  was  discovered  in  the  year  1774 
by  Scheele.  It  is  the  sole  production  of  the  oxidation  of  barium  in  air  and 
water.  It  may  be  prepared  by  decomposing  nitrate  of  baryta  at  a  red  heat ; 
or  by  exposing  carbonate  of  baryta  contained  in  a  black-lead  crucible  to  an 
intense  white  heat,  a  process  which  succeeds  much  better  when  the  carbon- 
ate is  intimately  mixed  with  charcoal.  Baryta  is  a  gray  powder,  the  specie 
gravity  of  which  is  about  4.  It  requires  a  very^high  temperature  for  fusion* 
It  has  a  sharp  caustic  alkaline  taste,  converts  vegetable  blue  colours  to  green, 
and  neutralizes  the  strongest  acids.  Its  alkalinity,  therefore,  is  equally  dis- 
tinct as  that  of  potassa  or  soda;  but  it  is  mudi  less  caustic  and  less  soluble 
in  water  than  those  alkalies.  In  pure  alcohol  it  is  insoluble.  It  has  an  ex- 
ceedingly  strong  affinity  for  water.  When  mixed  with  that  liquid  it  slakes 
in  the  same  manner  as  quicklime,  but  with  the  evolution  of  a  more  intense 
beat,  which,  according  to  Dobereiner.  sometimes  amounts  to  luminousness; 
The  result  is  a  white  bulky  hydrate,  fusible  at  a  red  heat,  and  which  bears 
the  highest  temperature  ol  a  smithes  forge  without  parting  with  its  water. 
It  is  composed  uf  76.7  parts  or  one  equivalent  of  baryta,  and  9  parts  or  one 
equivalent  of  water. 

Hydrate  of  baryta  dissolves  in  three  times  its  weight  of  boiling  water,  and 
in  twenty  parts  of  water  at-the  temperature  of  60°  r.  (Davy.)  A  saturated 
solution  of  baryta  in  boiling  water  deposites,  in  cooling,  transparent,  flattened 
prismaUc  crystals,  which  are  composed,  according  to  Dr.  Dalton,  of  76.7 
parts  or  one  equivalent  of  baryta,  and  180  parts  or  twenty  equivalents  of 
water. 

The  squeous  solution  of  baryta  is  an  excellent  test  of  the  presence  of  car« 
bonic  acid  in  the  atmosphere  or  in  other  gsseous  mixtures.  The  carbonic 
acid  unites  with  the  baryta,  and  a  white  insoluble  precipitate,  carbonate  of 
baryta,  subsides. 

Baryta  is  distinguished  from  all  other  substances  by  the  following  cha- 
racters. 1.  By  dissolving  in  water  and  forming  an  alkaline  solution.  3.  By 
all  its  soluble  salts  being  precipitated  as  white  carbonate  of  baryta  by  aka- 
line  carbonates,  and  as  sulphate  of  baryta,  which  is  insoluble  both  in  acid 
and  alkaline  solutions,  by  sulphuric  acid  or  any  soluble  sulphate.  3.  By  the 
characters  of  chloride  of  barium,  formed  by  the  action  of  hydrochloric  acid 
on  baryta. 

The  readiest  method  of  preparing  the  soluble  salts  of  baryta  is  by  dissolv- 
ing the  carbonate  in  dilute  acid.  All  of  its  soluble  salts  are  poisonous ;  and 
the  carbonate,  from  being  dissolved  by  the  juices  of  the  stomach,  likewise 
acts  as  a  poison. 

The  sulphate,  fVom  its  insolubility,  is  inert. 

Peroxide  o/'Berttim.— This  oxide,  which  is  used  by  Thenard  in  preparing 
peraxtde  of  hydrogen,  may  be  formed  by  conducting  dry  oxygen  gas  over 
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pure  baryta  at  a  low  red  heat  A  still  easier  prooesa,  lately  given  by  Wohler 
and  Liebig,  is  to  heat  pure  barjrta  to  low  redness  in  a  platinum  crucible,  and 
then  gradually  to  add  chlorate  of  potassa  in  the  ratio  of  about  one  part  of 
the  latter  to  four  of  the  former.  Tne  oxygen  of  the  chlorate  goes  over  to 
the  baryta,  and  chloride  of  potassium  is  generated.  Cold  water  afterwards 
removes  the  chloride,  and  the  peroxide  of  barium  is  left  as  a  hydrate  with 
fliz  equivalents  of  water,  its  formula  being  Ba-^  6Aq.  v 

Chloride  of  Banum. — It  is  generated  when  chlorine  gas  is  conducted  over 
baryta  at  a  red  heat,  oxygen  gas  being  disengaged ;  but  it  is  most  conve- 
niently prepared  by  dissolvinp  carbonate  of  baryta  in  hydrochloric  acid  di^ 
luted  with  about  three  times  its  weight  of  water,  or  by  decomposing  a  solu- 
tion of  sulphuret  of  barium  with  hydrochloric  acid.  On  concentrating  its 
solution,  the  chloride  crystallizes  on  cooling  in. flat  four.sided  tables  bevelled 
at  the  edges,  very  like  crystals  of  heavy  spar.  These  crystals  consist  of 
104.13  parts  or  one  eq.  of  chloride  of  barium,  and  18  parts  or  two  eq.  of 
water,  its  formula  bein;^  BaCl4.2Aq.  They  do  not  change  in  ordinary 
states  of  the  air  ;  but  in  a  very  dry  atmosphere  at  €0°  they  lose  all  their 
water,  and  recover  it  a^ain  in  a  moist  air.  They  are  still  more  rapidly 
rendered  anhydrous  at  Sl2°,  and  fusion  ensues  at  a  full  red  heat  They 
are  insoluble  in  strong  alcohol :  100  parts  of  water  dissolve  43.5  at  60^,  and 
78  at  222^,  which  is  ue  boiling  point  of  the  solution. 

Iodide  of  BoHum, — ^This  compound  may  be  formed  in  the  same  way  as 
iodide  of  potassium.  It  is  very  soluble  in  water,  and  crystallises  in  small 
colourless  needles,  which  deliquesce  slightly.  On  exposure  to  the  air  a  por- 
tion of  carbonate  of  baryta  is  formed  and  iodine  set  free,  which  probably 
forms  a  periodide  of  barium. 

Bromide  of  Bonum^ — It  was  prepared  by  M.  Henry,  jimt  who  has  exam- 
ined  it,  by  boiling  protobromide  of  iron  with  moist  carbonate  of  baryta  in 
excess,  evaporating  the  filtered  solution,  and  heating  the  residue  to  redness. 
Tlie  product  crysUlliaes  by  careful  evaporation  in  white  rhombic  piisms, 
which  have  a  bitter  taste,  are  slightly  deliquescent,  and  are  soluble  in  water 
and  alcohol. 

Fluoride  of  Barium, — On  digesting  recently  precipitated  and  moist  car- 
bonate of  baryta  in  hydrofluoric  acid,  carbonic  acid  is  expelled,  and  fluoride 
of  barium  collects  in  the  form  of  a  white  powder,  which  bears  a  red  heat 
without  decomposition.  It  is  sparingly  soluble  in  water,  and  by  evaporation 
separates  in  crystalline  grains.    It  is  soluble  in  nitric  and  hydrochlorio 


Sulpkurei  of  Barium, — ^This  compound  may  be  formed  by  transmitting 
dry  hydrosulphnric  acid  gas  over  pure  baryta  at  a  red  heat ;  and  by  the  ao> 
tion  of  hydrogen  gas  or  charcoal  on  sulphate  of  baryta  (page  238.)  The 
easiest  process  is  to  mix  sulphate  of  baryta  in  fine  powder  into  a  paste  with 
an  equal  volume  of  flour,  place  it  in  a  Hessian  cruciUe  on  which  a  cover  is 
luted,  and  expose  it  to  a  white  heat  for  an  boor  or  two,  raising  the  tempera- 
ture slowly.  On  pouring  hot  water  on  the  ignited  mass,  the  sulphuret  of 
barium  b  dissolved,  and  may  be  separated  ^om  undecomposed  sulphate 
and  excess  of  charcoal  by  filtration. 

Protosulphuret  of  barium  is  very  soluble  in  hot  water,  and  the  solution  if 
saturated  depositee  colourless  crystals  on  cooling,  which  are  sulphuret  of 
barium  with  water  of  crystallization.  The  solution  has  a  sulphurous  odour, 
and  absorbs  oxygen  and  carbonic  acid  from  the  air,  yielding  carbonate 
and  hyposulphite  of  baryta.  Boiled  with  sulphur  it  yields  a  yellow  solution, 
and  contains  a  persulpburet  of  barium. 

Sulphuret  of  barium  supplies  a  ready  mode  of  obtaining  pore  baryta  and 
its  salts,  when  the  carbonate  cannot  be  obtained.  Thus  its  solution,  boiled 
with  black  oxide  of  copper  until  it  ceases  to  precipitate  a  salt  of  lead  black, 
yields  pure  baryta,  which  should  be  filtered  while  hot  to  separate  the  sul- 
phuret  of  copper :  it  is  apt  to  retain  traces  of  oxide  of  eopper.  With  a  solu- 
tion of  carbonate  of  potassa,  carbonate  of  baryta  Alls,  and  sulphuret  of  potas- 
slum  remains  in  solution ;  and  with  hydrochloric  acid  it  interchanges  ele- 
ments, by  which  hydrosulphuric  acid  and  chloride  of  barium  are  formed. 
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Cyafwrcf  of  Bmrmm^^Ii  if  fiyrmed  b¥  the  acCiai  of  bydroeyanic  add  oo 
buyta,  or  by  beating  ferrocyannret  of  barium  aa  in  preparing  cyanoret  of 
potaaaiofln  (page  300).  It  is  but  slightly  solobk  in  water,  baa  an  alkaUoe 
reaction,  and  is  decomposed  by  the  carbonic  acid  of  the  air« 

Sulpkoeyanurtt  of  Barium  is  obtained  in  the  same  way  as  the  sulpbooya- 
nnret  of  potassium.  It  is  tery  solutile  in  water,  oryatalliaes  in  brilliant 
needles,  and  is  slightly  deliquescent 


SECTION  V- 

STRONTIUM. 

Daty  discotered  the  metallic  base  of  strontia,  called  slrofitttim,  by  a  pro- 
cess analogous  to  that  described  in  the  last  section.  All  that  is  known  re- 
specting its  properties  is,  that  it  ia  a  heavy  metal,  similar  in  appearance  to 
barimn,  that  it  decomposes  water  with  evolution  of  hydrogen  gas,  and  oidU 
dnos  quickly  in  the  air,  being  converted  in  both  cases  into  strontia,  which  is 
the  protoxide  of  the  metaL 

The  equivalent  of  strontium,  deduced  ihmi  the  experiments  of  Stromeyer, 
b  43.8.  The  composition  of  its  several  compounds  described  in  this  seetion 
Is  as  ibilows  ^— 

Strontium.  Equiv.         Pormnlfi. 

Protoxide  43.8  1  eq^Oxygen      8  1  eq-sss  51.8    Sr+0  or  &r. 

Pstozide  43.8  1  eqw+    do.        16  9  eq.s  69.8    8r+20  or  St. 

Chloride  43.8  1  eq^Chlorine  35.43  1  tq^  79i23  Sr+Cl  or  SiCL 

Iodide  43.8  1  eq^ Iodine    126.3  1  eq.««  170.1    Sr+I  or  Sri. 

nuoride  43.8  1  eq.4-Floarine  18.68  1  eq.»:  63.48  Sr+F  or  SrF. 

Salphoret  43.8  1  eq^-SuIphur    16.1  1  eq.s  693    8r+S  or  SrS. 

Protoxide  of  Strontium. — From  the  close  resemblance  between  baiyta 
and  strontia,  these  substances  were  once  supposed  to  be  identical,  br. 
Crawford,  however,  and  M.  Sulzcr  noticed  a  difiercnce  between  them ;  but 
the  existence  of  strontia  was  first  established  with  certainty  in  the  year 
1793  by  Dr.  Hope,*  and  the  discovery  was  made  about  the  same  time  by 
Klaproth.t  It  was  originally  extracted  from  strontianite,  native  carbonate 
of  strontia,  a  mineral  found  at  Strontian  in  Scotland;  and  hence  the  origin 
of  the  term  Btrontitea  or  ttrontia,  by  which  the  earth  itself  is  designated. 

Pure  strontia  may  be  prepared  R'om  nitrate  and  carbonate  of  strontia,  in 
the  same  manner  as  baryta.  It  resembles  this  earth  in  appearance,  in 
infasibility,  and  in  possessing  distinct  alkaline  properties.  It  slakes  when 
mixed  with  water,  causing  intense  heat,  and  forming  a  white  solid  hydrate, 
which  consists  of  51.8  parte  or  one  equivalent  of  strontis,  and  9  parts  or  one 
equivalent  of  water.  Hydrate  of  strontia  fbses  readily  at  a  red  heat,  bat 
sustains  the  strongest  heat  of  a  wind  furnace  without  decomposition.  It  ia 
insoluble  in  alcohol,  fioiling  water  dissolves  it  freely,  and  a  hot  saturated 
solution,  on  cooling,  depositee  transparent  crystals  in  the  form  of  thin 
quadrangular  tables,  which  consist  of  one  eq.  of  strontia  and  twelve  eq. 
of  water.  They  are  converted  by  heat  into  the  protohydrate.  They  require 
fifly  times  their  weight  of  water  al  60^  for  solution,  and  twice  their  weight 
at  9120  F.  (Dalton.) 

The  solution  of  strontia  has  a  caustic  taste  and  alkaline  reaction.  Like 
the  solution  of  baryta  it  is  a  delicate  test  of  the  presence  of  carbonic  acid  in 
air  or  other  gaseous  mixtures,  forming  with  it  the  insoluble  carbonate  of 
strontia. 

*  Edin.  PhUos.  Trans,  iv.  3.  f  Klaproth's  Contributions,  i. 
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The  nits  of  itroatia  are  faett  [irepared  from  the  natife  carbonate.  Like 
thoie  of  baryta,  they  are  precipitated  by  alkaline  carbonatee,  and  by  aul- 
phurie  acid  or  aoloUe  aulpbatei.  Bat  aulphate  of  strontia  is  less  insoluble 
than  sulphate  of  baryta :  on  adding  sulphate  of  soda  in  excess  to  a  barytic 
solotion,  baryta  cannot  afterwards  be  found  in  the  liquid  by  any  precipitant ; 
but  when  strontia  is  thus  treated,  so  much  sulphate  of  strontia  remains  in 
solution,  that  the  filtered  liquid  yields  a  white  precipitate  with  carbonate  of 
soda.  The  salts  of  strontia  are  not  poisonous ;  and  most  of  them,  when 
heated  on  platinum  wire  before  the  blowpipe,  communicate  to  the  flame  a 
red  tint 

Peroxide  ef  iSltroiaittm  is  prepared  in  the  same  way  as  peroxide  of  bariom, 
and  like  it,  is  reeoWed  by  dilute  acids  into  baryta  and  oxygen,  the  latter  of 
which  forms  peroxide  of  hydro^n  with  the  water. 

Chloride  of  Strontium. — ^This  compound  is  formed  by  processes  similar 
to  those  for  preparing  chloride  of  barium,  and  crystallixes  fVom  its  solution 
in  o<dourless  prismatic  crystals,  which  deliquesce  in  a  moist  atmosphere, 
require  only  twice  their  weight  of  water' at  60^  for  solution,  and  still  less  of 
baiUng  water,  and  are  solubte  in  alcohol.  The  aleobolte  solution,  when  set 
on  fire,  bums  with  a  red  flame.  These  characters  afibrd  a  certain  mode  of 
distinguishinr  strontia  from  baryta.  The  crystals  consist  of  79J22  parts  or 
one  eq..of  chloride  of  strontium,  and  81  parts  or  nine  eq.  of  water,  which 
are  expelled  by  heat  The  anhydrous  chloride  fiises  at  a  red  heat,  and 
jrieMs  a  white  crystalline  brittle  mass  on  cooling. 

Iodide  of  Strontium  may  be  prepared  in  the  same  manner  as  that  of 
barium.  It  b  very  soluble  in  water,  and  fuses  without  decomposition  in 
dose  yessels ;  but  when  heated  to  redness  in  the  open  ab,  iodine  escapes, 
and  strontia  is  generated. 

Fluoride  of  SrontMiiii  is  obtained  in  the  same  way  as  fluoride  of  barium, 
and  is  a  white  powder  of  sparing  solubility. 

Pratooulphuret  of  Strontium  is  similar  in  its  properties  and  mode  of 
nrepaimtion  to  solphuret  of  barium,  and  may  be  applied  to  similar  uses. 
Strontium  also  combines  with  mora  than  one  equivalent  of  solphur,  bat 
tliasp  QompoQDds  have  not  be^  ^zainin^d. 


SECTION  VI. 

CALCIUM. 

Ths  existence  of  calcium,  the  metallic  base  of  lime,  was  demonstrated  by 
Sir  H.  Davy  by  a  process  similar  to  that  described  in  the  section  on  barium. 
It  is  of  a  whiter  colour  than  barium  or  strontium,  and  is  converted  into 
lime  by  being  oxidised.    Its  other  properties  are  unknown. 

According  to  the  analysis  of  chloride  of  calcium  by  Berzelios,  the  equiva- 
lent of  calcium  is  20.5.  Its  oompoonds  described  in  this  section  are  com- 
poaed  as  follows : — 

Calcium.  Equiv.  Formule. 

Protoxide  .  20.5  1  eq.+Oxygen  8  1  eq.B  28.5  Ca-;}-^  or  ^ 
Peroxide  .  20.5  1  eq.+  do.  16  2eq.»  36.5  Ca4-20or& 
.Chloride  .    20  5  I  eq.+Chlorine  35.42  1  eq.«  55.92  Ca+Cl  or  CaCL 

Iodide  .  .  20.5  leq.+ Iodine  126.3  Ieq.sl46.8  Ca+I  or  CaL 
Bromide  .    20.5  leq.+ Bromine  78.4    leq.s  98^    Ca-fBr  oiCaBr. 

Fluoride         .    20.5  1  eq.+Fluorine  18.68  1  eq..,  39.18  Ca+F  or  CaF. 
Solphuret       .    20.5  leq.+Sulphur   16.1     leq.=:36.6     Ca-fSorCaS. 
Bisulphuret    .    20.5  1 9q.+     do.        32J3    2eq.«  52.7    Ca+2SorCBS>. 
Quintoeulphuret  20.5  1  eq.+     do.       80.5    5eq.=101        Ca4-5SorCsS«. 
Phosphuret         20.5  leq^-Phosph.   15.7    leq.==  36.2     Ca+PorCaF. 

S^^®  I  Lime  28.5  1  eq.+Chlorine  35.43  1  eq«  63.92  dk+Cl  or  ikCU 
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Protoswic  of  Ctfldum.— This  compound,  commonly  known  by  the  name 
of  lime  and  quieklime,  is  obtained  by  exposing  carbonate  of  lime  to  a  atronff 
red  heat,  bo  a*  to  expel  its  carbonic  acid.  If  lime  of  great  purity  ia  reqaired, 
it  ahoold  be  prepared  from  pare  carbonate  of  lime,  such  as  Iceland  spar 
or  Carrara  marble ;  but  in  burning  lime  in  lime-kilns  for  making  mortar, 
common  limestone  is  employed.  The  expulsion  of  carbonic  acid  is  facili- 
tated by  mixinff  the  carbonate  with  combustible  substances,  in  which  case 
carbonic  oxide  is  generated.  (Page  190.) 

Lime  is  a  brittle  white  earthy  solid,  the  specific  gra?ity  of  which  is  about 
2.3.  It  phosphoresces  powerfully  when  heated  to  full  redness,  a  property 
which  it  possesses  in  common  with  strontia  and  baryta.  It  is  one  of  the 
roost  infusible  bodies  known ;  fusing  with  difficulty,  even  by  the  heat  of  the 
ozy-hydrogen  blowpipe.  It  has  a  powerful  affinity  for  water,  and  the  com. 
bination  is  attended  with  great  increase  of  temperature,  and  formation  of  a 
white  bulky  hydrate,  which  is  composed  of  28.5  parts  or  one  equivalent  of 
lime,  and  9  parts  or  one  equivalent  of  water.  The  process  of  titking  lime 
consists  in  forming  this  hydrate,  and  the  hydrate  itself  is  called  alaked  lime. 
It  difiers  from  the  hydrates  of  strontia  and  baryta  in  parting  with  its  water 
at  a  red  heat 

Hydrate  of  lime  is  dissf^yed  very  sparingly  by  water,  and  it  is  a  singular 
ftet,  first  noticed  I  believe  by  Dalton,  that  it  is  more  soluble  in  cold  than  in 
hot  water.    Thus  he  fomnd  that  one  grain  of  lime  requires  for  solution 

778  grains  of  water      .        .        .    at    60^  F. 
972  do.  ...         130 

1270  do.  ...         212 

And,  consequently,  on  heating  a  solution  of  lime,  or  lime-toatert  which  has 
been  prepared  in  the  cold,  deposition  of  lime  ensues.  This  fact  was  deter- 
mined experimentally  by  Mr.  Phillips,  who  has  likewise  observed  that  water 
at  32°  is  capable  of  dissolving  twice  as  much  lime  as  at  212°  F.  Owing  to 
thia  circumstance,  pure  lime  cannot  be  made  to  crystallize  in  the  same  man- 
ner as  baryta  or  strontia;  but  Gay-Lussac  succeeded  in  obtaining  crystals 
of  lime  by  evaporating  lime-water  under  the  exhausted  receiver  of  an  air- 
pomp  by  means  of  sulphuric  acid.  Small  transparent  crystals,  in  the  form 
of  regular  hexahedrons,  were  deposited,  which  consist  of  water  and  lime  in 
the  same  proportion  as  in  the  hydrate  above  mentioned. 

Lime-water  is  prepared  by  mixing  hydrate  of  lime  with  water,  agitating 
the  mixture  repeatedly,  and  then  setting  it  aside  in  a  well-stopped  bottle 
mitil  the  undissolved  parts  shall  have  subsided.  The  substance  called 
mUk  or  cream  of  lime  is  made  by  mixing  hydrate  of  lime  with  a  sufficient 
quantitT  of  water  to  give  it  the  liquid  form ; — it  ia  merely  lime-water  in 
which  hydrate  of  lime  is  mechanically  suspended. 

Lime-water  has  a  harsh  acrid  taste,  and  converts  vegetable  blue  colours 
to  green.— It  agrees,  therefore,  with  baryta  and  strontia  in  possessing  dis- 
tinct alkaline  properties.  Like  the  solutions  of  these  earths,  it  has  a  strong 
affinity  for  carbonic  acid,  and  forms  with  it  an  insoluble  carbonate.  On  this 
account  lime-water  should  be  carefblly  protected  from  the  air.  For  the  same 
reason,  lime-water  is  rendered  turbid  by  a  solution  of  carbonic  acid ;  but  on 
adding  a  large  quantity  of  the  acid,  the  transparency  of  the  solution  is  com- 
pletely restored,  because  carbonate  of  lime  is  soluble  in  an  excess  of  carbonic 
acid.  The  action  of  this  acid  on  the  solutions  of  baryta  and  strontia  is  pre- 
ciselv  similar. 

The  salts  of  lime,  which  are  easily  prepared  by  the  action  of  acids  on 
pare  marble,  are  in  tasmj  respects  similarly  affected  by  reagents,  as  those  of 
baryta  and  strontia.  They  are  precipitated,  for  example,  by  alkaline  car- 
bonates. Sulphuric  acid  and  soluble  Kulphatea  likewise  precipitate  lime 
fiom  a  moderately  strong  solution.  But  sulphate  of  lime  has  a  oonsidera* 
■"     '  ~~  "■    e  solution  of  a  salt  of  lime  is  not 


ble  d^ree  of  solubility.  Thus,  a  dilute 
precipitated  at  all  hj^  sulphuric  acid ;  and 
rated,  it  may  be  redisaolved  by  the  addition  of  nitric  acid. 


precipiUted  at  all  bj^  sulphuric  acid ;  and  when  the  sulphate  of  lime  ia  scpa- 
*  I  redisBoli 
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The  most  delicate  teet  of  the  preeence  of  lime  is  onlete  of  aranioiuA  or 
potuwa ;  for  of  all  the  ealts  of  lime,  the  oxalate  ii  the  most  ineoIuUe  in 
water.  This  serves  to  distingfuish  lime  from  most  substances,  though  not 
from  baryta  and  strontia;  because  the  ozabtes  of  barjta  and  strontis,  espe* 
dally  tlio  latter,  are  likewise  sparinglj  soluble.  All  these  oxalates  dusolve 
readily  in  water  acidulated  with  nitric  or  hprdrochloric  acid.  It  is  distin- 
guished from  baryta  and  strontia  by  the  fact,  that  nitrate  of  lime  yields 
prismatic  crystals  by  evaporation,  is  deliqueaoent  in  a  high  degfee,  and  very 
soluble  in  aJcohol ;  while  the  nitrates  of  baryta  and  strontia  crystallize  in 
regular  octobedrons  or  segments  of  the  octohedron,  undergo  no  change  on 
exposure  to  the  air,  except  when  it  is  very  moist,  and  do  not  dissolve  in 
pure  alcohol. 

The  salts  of  lime,  when  heated  before  the  blowpipe,  or  when  their  solu- 
tioBs  in  alcohol  are  set  on  fire,  communicate  to  the  flame  a  dull  brownish-red 
odour. 

Peroxide  of  Calcium. — ^Tbis  oxide  is  prepared  in  the  same  way  as  per- 
oxide of  barium,  and  is  similar  to  it  in  its  properties. 

Chloride  of  Calcium, — This  compound  exists  in  sea-water  and  in  many 
saline  springs,  is  the  residue  of  the  process  for  preparing  ammonia,  and  is 
readily  formed  by  dissolving  marble  or  chalk  in  hydrochloric  acid.  On  eva- 
porating its  solution  to  the  consistence  of  a  syrup,  tho  chloride  crystalUaes 
on  cooling  in  irregular,  colourless  prismatic  crystals,  which  consist  of  55.92 
parts  or  one  eq.  of  chloride  of  calcium,  and  54  parts  or  six  eq.  of  water.  By 
neat  it  loses  its  water,  and  at  a  gentle  rod  heat  fuses ;  but  on  exposure  to  the 
air  it  rapidly  recovers  its  water  of  crystallization  and  then  deliquesces. 
Owing  to  its  strong  affinity  for  water,  it  is  much  used  for  frigorific  mix- 
tures  with  snow ;  but  for  this  purpose  the  hydrous  chloride  is  preferable,  aa 
prepared  by  evaporating  its  solution  so  far  that  the  whole  becomes  a  solid 
mass  on  removal  from  the  fire,  reducing  it  when  cold  quickly  to  powder, 
and  preserving  it  in  bottles  closed  with  ^reat  care.  Chloride  of  calcium  is 
very  soluble  in  alcohol,  and  forms  witli  it  a  definite  compound. 

iodide  of  Calcium, — ^This  compound  may  be  prepared  by  digesting  hy. 
drate  of  lime  with  protiodido  of  iron.  It  is  deliquescent  and  very  soluUe  in 
water,  sustains  a  red  heat  unchanged  in  close  vessels,  but  when  heated  in 
the  open  air,  its  iodine  is  replaced  by  oxygen,  and  lime  remains.  The  solu- 
tion of  iodide  of  calcium  dissolves  a  large  quantity  of  iodine,  and  on  evapo- 
rating the  brown  solution  in  vacuo  alwve  a  vessel  with  drj^  carbonate  of 
potassa,  a  periodide  of  calcium  crystallizes  in  large  black  prisms  of  a  me- 
tallic lustre. 

Bromide  of  Calcium, — ^It  was  prepared  by  M.  Henry  by  digesting  hydrate 
of  lime  with  a  solution  of  protobromide  of  iron,  and  crystallizes  in  adcnlar 
crystals  which  are  very  deliquescent,  and  extremely  soluble  in  alcohol  and 
water.  It  is  very  analogous  in  taste  and  properties  to  chloride  of  calcium, 
fuses  by  heat,  but  in  open  vessels  suffers  partial  decomposition. 

Fluoride  of  Calcium. — ^This  is  a  natural  product,  which  frequently  ac- 
companies metallic  ores,  enpecially  those  of  lead  and  tin,  often  occurs  in 
cubic  crystals,  and  is  well  known  under  the  name  o^  fluor  or  DerbyMrt 

rr.  The  crystals  found  in  the  lead  mines  of  Derbyshire  are  remarkable 
the  largeness  of  their  size,  the  regularity  of  their  form,  and  the  variety 
and  beauty  of  tlicir  colours.  It  may  be  prepared  artificially  by  digesting 
moist,  recently  precipitated,  carbonate  of  lime  in  an  excess  of  hydrofluoric 
acid ;  or  by  mixing  a  solution  of  chloride  of  calcium  with  fluoride  of  po- 
tassium or  sodium.  As  prepared  in  the  latter  mode,  it  is  a  bulky  gelatinous 
mass,  which  it  is  very  difficult  to  wash ;  whereas  the  former  meSiod  gives 
it  in  the  state  of  a  granular  white  powder,  which  may  be  washed  with  ease. 
Fluoride  of  calcium  fuses  at  a  red  heat  without  farther  change.  It  is 
insoluble  in  water,  slightly  soluble  in  hot  diluted  hydrochloric  Bcid,and  is  da- 
composed  by  sulphuric  acid  aided  by  gentle  heat  (page  238).  It  is  in  a  small 
degree  decomposed  by  boiling  nitric  acid.  Fused  with  carbonate  of  po- 
tassa, carbonate  of  lime  and  fluoride  of  potassiom  are  generated. 
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¥1uor  spar  is  maeh  titecl  »  forming  vases,  as  a  flux  in  metallorg^o  pro- 
cesses, and  in  tbe  preparation  of  hydrofluoric  acid. 

ProiotulphurH  of  Calcium, — ^This  compound  may  be  prepared  by  reduc- 
tion from  the  sulphate  by  bydrogren  or  charcoal,  and  when  pure  is  white 
^th  a  reddish  tint,  and  is  Tery  sparingly  soluble  in  water.  It  has  the  pro- 
perty, in  common  with  sulphuret  'of  barium,  of  being  phosphorescent  after 
exposure  to  light,  and  appears  to  be  the  essential  ingredient  of  Canton*s 
phosphorus  (page  69). 

When  3  parts  of  slaked  lime,  1  of  solphur,  and  20  of  water,  are  boiled 
together  for  an  hour,  and  the  solution,  without  separation  from  the  sedi- 
ment, is  set  aside  in  a  corked  flask  for  a  few  days,  a  copious  deposits  of 
orange-coloured  crystals  is  'deposited,  which,  when  slowly  formed,  are  flat 
quadrilateral  prisms.  These,  from  the  analysis  of  Herscbel,  appear  to  be 
bUidpkurei  tf  calcium  with  three  eq.  of  water.  They  are  decomposed  by 
exposure  to  the  air,  and  are  of  sparing  solubility  in  water. 

When  either  of  the  foregoing  sulphurets  is  boiled  in  water  alon^  witli 
sulphur,  a  yellow  solution  is  formed  containing  calcium  combined  with  fi?e 
equivalents  of  sulphur. 

Photphurei  of  Calcium, — It  is  formed  by  passing  the  vapour  of  phospho- 
rus over  fragments  of  quicklime  at  a  low  red  lieat;  when  a  brown  matter* 
is  formed,  consisting  of  phosphate  of  Jime  and  phosphuret  of  calcium 
When  put  into  water,  mutual  decomposition  ensues,  and  phosphuretted  hy 
drogen,  hvpophosphorous  acid,  and  phosphoric  acid  are  generated. 

Chlmriae  of  lAme. — This  compound,  commonly  called  oxymuriaU  oflime^ 
or  bUacking  powder,  is  prepared  by  exposing  thin  strata  of  recently  slaked 
lime,  in  fine  powder,  to  an  atmosphere  of  dilorine.  The  gas  is  absorbed 
in  laige  quantity,  and  combines  directly  with  the  lime. 

Chloride  of  lime  is  a  dry  white  powder,  which  smells  faintly  of  chlorine, 
and  has  a  strong  taste.  It  dissolves  partially  in  water,  and  the  solution  pes- 
sesses  powerful  bleaching  properties,  and  contains  both  chlorine  and  lime ; 
while  the  undissolved  portion  is  hydrate  of  lime,  retaining  a  small  quantity 
of  chlorine.  The  aqueous  solution,  when  exposed  to  the  atmosphere,  is  gra- 
dually  decomposed ;  chlorine  is  set  free,  and  carbonate  of  lime  generated. 
On  boiling  the  liquid,  chloride  of  calcium,  and,  I  presume,  chlorate  of  lime 
are  fbrm^ ;  and  by  long  keeping,  the  dry  chloride  appears  to  undergo  a 
similar  change,  at  least  chloride  of  calcium  is  produced  in  largo  quantity. 
Chloride  of  lime  is  also  decomposed  by  a  strong  heat :  at  first,  chlorine  is 
evolved;  but  pure  oxygen  is  aiflcrwards  disengaged,  and  chloride  of  cal- 
cium remains  in  the  retort. 

The  composition  of  chloride  of  lime  was  first  carefully  investigated  by 
Dalton,*  and  it  has  since  been  analyzed  by  Thomson ,t  Welter,t  and  Ure.§ 
The  three  first  mentioned  chemists  infer  from  their  researches  that  bleach- 
ing powder  is  a  hydratcd  suhcfdoride  or  dicfdoride  of  lime,  in  which  one 
equivalent  of  chlorine  is  united  with  two  equivalents  of  lime.  They  are 
also  of  opinion,  that  on  mixing  this  dichloride  with  water,  the  chloride  is 
dissolved,  and  one  equivalent  of  lime  so p:i  rated  as  an  insoluble  powder. 
Dr.  Urc,  on  the  contrary,  denies  that  bleaching  powder  is  a  dichloride,  and 
maintains  that  the  elements  of  this  powder  do  not  constitute  a  regular 
atomic  combination.  He  found  Uiat  the  quantity  of  chlorine  absorbed  by 
hydrate  of  lime  is  variable,  depending  not  only  on  the  pressure  and  degree 
of  exposure,  but  on  the  quantity  of  water  present.  From  these  experiments 
it  appears  that  the  commercial  bleaching  powder  is  esscntinlly  a  chloride 
with  single  equivalents  of  its  elements,  but  mixed  with  variable  quantities 
of  hydrate  of  lime. 

Several  methods  have  been  proposed  for  estimating  the  value  of  different 
specimens  of  chloride  of  lime.  Perhaps  tbe  most  convenient  for  the  artist 
is  that  of  Welter,  which  consists  in  ascertaining  the  power  of  the  bleaching 

•  Annals  of  Philosophy,  i.  15,  and  ii.  6.        t  Ibid.  xy.  401. 
t  An.  de  Ch.  et  de  Ph.  vol.  viii.  ^  Quarterly  Journal,  xiii.  1. 
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liquid  to  dJaprive  a  lolution  of  indigo  of  Icnown  itnoiftii  of  its  eoloor ;  and 
dtfections  iia?e  been  drawn  up  by  Gay-LuMac  for  enaUin^f  manufacturen 
to  employ  this  method  with  accuracy.  (Annals  of  Philoaophy,  uiV'  318.) 
For  analytical  purposes,  the  best  method  is  to  decompose  chloride  of  lime, 
confined  in  a  fflass  tube  over  mercury,  by  means  of  hydrochloric  acid. 
QUoride  of  calcium  is  generated,  and  the  chlorine  being  set  free,  its  quan- 
tity may  easily  be  measured. 


SECTION  VII. 

MAGNESIUM. 

Tbs  p^alnmlc  researches  of  Sir  H.  Davy  demonstrated  the  eiistenoe  of 
magnesium,  though  he  obtained  it  in  a  quantity  too  minute  for  determining 
its  properties.  It  was  prepared  by  M.  fiossy  in  the  year  1630  by  the  ac- 
tion of  potassium  on  chloride  of  msgnesiom.  For  this  purpose  Ave  or  six 
pieces  of  potassium,  of  the  size  of  peas,  were  introduced  into  a  glass  tube^ 
the  sealed  extremity  of  which  was  bent  into  the  form  of  a  retort,  and  upon 
the  potassium  were  laid  fira^ments  of  chloride  of  magnesium.  The  latter 
being  then  heated  to  near  its  point  of  fusion,  a  lamp  was  applied  to  the 
potassium,  and  ita  vapour  transmitted  through  the  mass  of  heated  chloride* 
Vivid  incandescence  immediately  took  place,  and  on  potting  the  mass,  afler 
cooling,  into  water,  the  chloride  of  potassium  with  undecomposed  chloride 
of  magnesium  was  dissolved,  and  metallic  magnesium  subsided.  These 
results  have  been  since  confirmed  by  Liebig.  (An.  de  Cb.  et  de  Ph.  zlvi« 

Magnesium  has  a  brilliant  metallic  lustre,  and  a  white  colour  like  silver, 
is  very  malleable,  and  fuses  at  a  red  heat  Moist  air  oxidizes  it  superfi^ 
cially ;  but  it  undergoes  no  change  in  a  dry  air,  and  may  be  boiled  in  water 
without  oxidation.    Heated  to  r^ness  in  air  or  oxygen  ns,  it  bums  with 
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brilliancy,  yielding  magnesia ;  and  it  inflames  spontaneously  in  chlorine  gas. 
It  is  readily  dissolved  by  dilute  adds  with  disengagement  of  hydrogen,  and 
the  solution  is  found  to  contain  a  pure  salt  of  magnesia. 

The  equivalent  of  magnesium,  inferred  by  Bcrzelius  from  the  quantity  of 
sulphate  obtained  from  a  known  weight  of  pure  magnesia,  is  13.7.  Ita  com<* 
pounds  described  in  this  section  are  composed  as  fbUows : — 

Magnesium.  Equiv.         Formula). 

Protoxide    12.7     1  eq.+Oxygen        8  1  cq.=  20.7  Mg+O  or  Jfg. 

Chloride      12.7    1  eq.+Chlorine  35.42  1  eq.=  48.12  Mg+ClorMgCt 

Iodide         12.7    1  eq.4-Iodine    126.3  1  eq.=139  Mg+I  or  Mrf. 

Bromide      12.7    1  eq.-j- Bromine  78.4  1  6q.=  91.1  Mg+Br  orMgBr« 

Fluoride      12.7    1  eq.+Fluorine  18.68  1  eq.=  31.38  Mg+MjF  o  gF. 

Pntoxide  of  Biagne$ium. — ^Tbis,  the  only  known  oxide  of  magnesium, 
commonly  known  by  the  name  of  magnena^  is  best  obtained  by  exposii^ 
carbonate  of  magnesia  to  a  very  strong  red  heat,  by  which  its  carbonic  acid 
is  expelled.  It  is  a  white  friable  powder,  of  an  earthy  appearance;  and^ 
when  pure,  it  has  neither  taste  nor  odour.  Its  specific  gravity  is  about  2.3, 
and  it  is  exceedingly  infusible.  It  has  a  weaker  affinity  Uian  lime  for  water; 
fbr  though  it  forms  a  hydrate  when  moistened,  the  combination  is  effected 
with  hardly  any  disengagement  of  caloric,  and  the  product  is  readily  decom- 
posed by  a  red  heat  There  probably  exist  several  different  compounds  of 
water  and  magnesia,  but  the  native  hjdrate  is  the  only  one  known  with  cer- 
tainty. According  to  the  analysis  of  Stromeyer,  thb  hydrate  contains  one 
equivalent  of  each  of  its  constituents ;  and  the  results  of  the  analysis  of  Ber- 
aelius  and  Dr.  Fy&  accord  very  nearly  with  this  proportion. 
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Magnesia  dfiMdNes  jerj  tparingly  in  water.  According  to  Dr.  Fyfe,  it 
requires  5142  times  its  weight  of  water  at  60°,  and  36,000  of  boiling  water 
for  solution.  The  resulting  liquid  does  not  change  the  colour  of  ▼iolets; 
4^ut  when  pure  magnesia  b  put  upon  moistened  turmeric  paper,  it  causes  a 
brown  stain.  From  this  there  is  no  doubt  that  the  inaction  of  magnesia 
with  respect  to  veffetable  colours,  when  tried  in  the  ordinary  mode,  is  owing 
to  its  insolubility.  It  possesses  the  stiU  more  essential  character  of  akalinity, 
that,  namely,  of  forming  neutral  salts  with  acids  in  an  eminent  degree. 
It  absorbs  both  water  and  carbonic  acid  when  exposed  to  the  atmosphereii 
«nd,  therefore,  should  be  kept  in  well-closed  phials. 

Magnesia  is  characterized  by  the  following  properties.  With  nitric  and 
hydrochloric  acids  it  forms  salts  which  are  soluble  in  alcohol,  and  exceed* 
tngly  deliquescent  The  sulphate  of  magnesia  is  very  soluble  in  water%  a 
circumstance  by  which  it  is  distinguished  from  the  other  alkaline  earths. 
Magnesia  is  precipitated  from  its  salts  as  a  bulky  hydrate  by  the  pure  alk** 
lies.  It  is  precipitated  as  carbonate  of  magnesia  by  the  carbonates  of  p<^ 
tassa  and  soda ;  but  the  bicarbonates  and  the  common  carbonate  of  ammonia 
do  not  precipitete  it  in  the  cold.  If  moderately  diluted,  the  salts  of  magnesia 
are  not  precipiteted  by  oxalate  of  ammonia.  By  means  of  this  reagent  magw 
oesia  may  be  both  distinguished  and  separated  from  lime. 

Chloride. — ^This  compound  may  be  prepared  by  transmitting  dtj^  chlorine 
Igas  over  a  mixture  of  magnesia  and  charcoal  at  a  red  heat ;  but  Liebig  has 
given  an  easier  process,  which  consiste  in  dissolving  magnesia  in  hydroehlOi 
nc  acid,  evaporating  to  dryness,  mixing  the  residue  wiUi  its  own  weight  of 
liydniehlorate  of  ammonia,  and  projecting  the  mixture  in  successive  portions 
Into  a  phtinttm  crucibb  at  a  red  heat  As  soon  as  the  ammoniacd  salt  is 
wholly  expelled,  the  fused  chloride  of  magnesium  is  left  in  a  stete  of  tranquil 
Ifasion,  and  on  cooling  becomes  a  transparent  colourless  mass,  which  is  highly 
deliquescent,  and  is  vcrj  soluble  in  alcohol  and  water. 

hdide  of  Mafnetium  is  obtained  by  dissolving  magnesia  in  hydriodie  aoid« 
is  very  soluble  in  water,  and  is  only  known  in  solution. 

Bnmidt  cf  JKsgnetttim,  obtained  by  dissolvincr  magnesia  in  bydrobromie 
acid,  crystalnzes  in  small  acicular  prisms,  which  have  a  sharp  taste,  are  de^ 
liquescent,  and  very  soluble  in  water  and  alcohol.  It  is  decompowd  by  a 
strong  heat 

Fluoride  (tfBbgnemum  is  prepared  by  digesting  magnesia  in  hydrofluorio 
«cid  in  excess.  It  is  insoluble  in  water  and  in  excess  of  hydrofluoric  acid« 
«Bd  bears  a  red  heat  without  decomposition. 


CLASS  I. 
ORDER   m. 

METALI.IC  BASES  OF  THE  EARTHS. 

SECTION   VIII. 

ALUMINtUM, 

l^AT  alumina  is  an  oxidised  body  was  proved  by  Sir  H;  Davy,  who  found 
that  potassa  is  generated  when  the  vapour  of  potassium  is  brought  into  con- 
tact with  pufs  ahimina  heated  to  whiteness;  and  it  was  inferrM,  chiefly  by 
«ialog^;al.reasonipg,  to  be  a  metallic  oxide.  The  propriety  of  this  iofonnoa. 
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hsB  been  demonstrated  by  Wohler*  who  has  procured  aluminium,  the  metal' 
lie  base  of  alumina,  in  a  pure  state*  (Edinburgh  Journal  of  Science,. No* 
xvii,  178.) 

The  preparation  of  this  metal  depends  on  the  property  which  potaaainm 
possesses  of  decomposing  the  chloride  of  aluminium.  Decomposition  is  ef^ 
fected  by  aid  of  a  moderate  increase  of  temperature ;  but  the  action  is  so 
violent,  and  accompanied  with  such  intense  heat,  that  the  process  cannot  bo 
safely  conducted  in  glass  vessels.  Wohler  succeeded  with  a  platinum  cruci^ 
ble,  retaining  the  co?er  in  its  place  by  a  piece  of  wire.  The  heat  developed 
during  the  action  was  so  great,  that  the  crucible,,  though  but  gently  heated 
externally,  suddenly  became  red-hot.  The  platinum  is  scarcely  attacked 
during  the  process ;  but  to  prevent  the  possibility  of  error  from  this  source, 
the  decon^^osition  was  also  effected  in  a  crucible  of  porcelain.  The  potas- 
sium'employed  for  the  purpose  should  be  quite  free  from  carbon,  and  the 
quantity  operated  on  at  one  time  not  exceed  the  size  of  ten  peas.  The  heat 
was  applied  by  means  of  a  spirit-lamp,  and  continued  until  the  action  was 
completed.  The  proportion  of  the  materials  requires  to  be  carefully  adjusted ; 
for  the  potassium  should  be  in  such  quantity  as  to  prevent  any  chloride  of 
aluminium  from  subliming  during  the  process,  but  not  so  much  as  to  yield 
an  alkaline  solution  when  the  pr<^uct  is  put  into  water.  The  matter,  con- 
tained in  the  crucible  at  the  close  of  the  operation,  is  in  general  completely 
fused  and  of  a  dark  gray  colour.  When  quite  cold,  the  crucible  is  put  into 
a  large  glass  full  of  water,  in  which  the  saline  matter  is  dissolved,  with  slight 
disengagement  of  hydrogen  of  an  offensive  odour ;  and  a  gray  powder  sepa* 
rates,  wnich,  on  close  inspection,  especially  in  sunshine,  is  found  to  consist 
solely  of  minute  scales  of  metal.  These  scales,  aAcr  being  well  washed  with 
edd  water,  are  pure  aluminium.  The  saline  matter  removed  by  water  is 
chloride  of  potassium,  and  a  considerable  quantity  of  chloride  of  alumi« 
nium. 

Aluminium,  as  thus  formed,  is  a  gray  powder,  very  similar  to  that  of  plati- 
num. It  is  generally  in  small  scales  or  spangles  of  a  metallic  lustre;  and  some* 
times  small,  slightly  coherent,  spongy  masses  are  observed,  which  in  some 
places  have  the  lustre  and  white  colour  of  tin.  The  same  appearance  is  ren- 
dered perfectly  distinct  by  pressure  on  steel,  or  in  an  agate  mortar ;  so  that 
the  lustre  of  aluminium  is  decidedly  metallic.  In  its  fused  state  it  is  a  con- 
ductor of  electricity,  though  it  does  not  possess  this  property  when  in  the 
form  of  powder.  This  remark,  of  a  metal,  conducting  the  electric  fluid  in 
one  state  and  not  in  another,  is  very  instructive ;  and  Wohler  observed  an 
instance  of  the  same  kind  in  iron,  which,  in  the  state  of  fine  powder,  is  a  non- 
conductor of  electricity. 

Aluminium  requires  for  fusion  a  temperature  higher  than  that  at  which 
cast  iron  is  liquefied.  When  heated  to  redness  in  the  open  oir,  it  takes  fire 
and  burns  with  vivid  light,  yielding  aluminous  earth  of  a  white  colour  and 
of  considerable  hardness.  Sprinkled  in  powder  in  the  flame  of  a  candle, 
brilliant  sparks  are  emitted,  like  those  given  off  during  the  combnstion  of 
iron  in  oxygen  gas.  When  heated  to  redness  in  a  vessel  of  pure  oxygen  gas, 
it  bums  with  an  exceedingly  vivid  light,  and  emission  of  intense  heat.  The 
resulting  alumina  is  partially  vitrified,  of  a  yellowish  colour,  and  equal  in 
hardness  to  the  native  crystallized  aluminous  earth,  corundum.  Heated  to 
near  redness  in  an  atmosphere  of  chlorine,  it  takes  fire,  and  chloride  of  alu- 
minium is  sublimed. 

Aluminium  is  not  oxidized  by  water  at  common  temperatures,  nor  is  its 
lustre  tarnished  by  lying  in  water  during  its  evaporation.  On  heating  the 
water  to  near  its  boiling  point,  oxidation  of  the  metal  commences,  with 
feeble  disengagement  of  hydrogen  gas,  the  evolution  of  which  continues  even 
long  after  cooling,  but  at  length  wholly  ceases.  The  oxidation,  however,  is 
very  slight ;  and  even  af\er  continued  ebullition,  the  smallest  particles  of 
aluminium  appear  to  have  suffered  scarcely  any  change. 

Aluminium  is  not  attacked  by  concentrated  sulphuric  or  nitric  acid  at 
common,  temperatures.    In  the  fbcmer,  with  the  aid  of  heat,  it  is  rapidly 
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iBnolTod  with  diflepgagement  of  Bulpburous  acid  gas^  Di  dilate  hydro- 
diloric  and  Bulphuric  acid,  and  also  in  a  dilate  aolotion  of  potaasa,  it  dia- 
BoUea  with  evolotion  of  hydrogen  gas.  Ammonia  prodaces  a  similar  efTectr 
and  disaolves  a  large  quantity  of  alumina.  The  hydrogen  gas  which  makes 
its  appearance  is  of  course  derived  from  water,  the  oxygen  of  which  com- 
bines with  the  metal  so  as  to  constitute  alumina. 

From  th^  composition  of  the  sulphates  of  alumina,  ascertained  by  Ber- 
sefios,  Stromeyer,  and  Phillips,  the  equivalent  of  alumina  may  be  estimated 
ckber  at  25.7,  or  at  51.4,  twice  that  number.  Now  chemists  hav^  no  direct 
oeans  of  discovering  the  atomic  constitution  of  alumina,  inasmuch  as  alu- 
minium combines  with  oxygen  and  most  other  elements  in  one  proportion 
only..  Thomson  assumes  akmiina  to  consist  of  single  atoms  of  its  eliements  ^ 
bat  most  chemists,  seeing  that  alumina  has  little  analogy  to  protoxides  in 
its  modes  of  combining,  but  that  in  its  form  and  all  its  chemical  relations  it 
closely  resembles  perpxide  of  iron^hove  inferred  that  the  simplest  molecule  of 
alumina  contains  two  atoms  of  aluminium  and  three  atoms  of  oxygen., On  thia 
supposition  51.4  must  be  the  equivalent  of  alumina,  and  13.7  Uiat  of  alumi- 
Binm.  The  composition  of  its  compounds,  described  in  thb  section^  is  the 
following : — 

^  eq.  Aluminiunu  Equiv.        FormuIsB;. 

Sesqoioxide  27.4-f  oxygen       24     3eq.s  51.4    2Al.f30pr  Al. 

Sesqaichloride       27.44-chk>rine  106.26  3  eq.s=133.66  2A1 4-  3C1  or  Al^Cls^ 
Sesquisulphuret     27.4-f6ulphur      48.3   3eq.=s  75.7    2Al4-3S  or  Al^S". 
Sesquiphosphuret  27.4-f  phosph.      47.1   3eq.a=  74.5    2A1 4- 3P  or  AlaPs. 
Sesquisclcniuret    27.44-8elenium  1 18.8  3  eq.s=  146.2    2 Al  -f  3Se  or  Al»Se>. 

The  composition  of  the  four  last  compounds  is  matter  of  inferonce  ftom  th» 
change  which  they  respectively  undergo  by  the  action  of  water. 

Sesquioxide  of  Aluminium, — ^This  is  the  only  known  oxide  of  this  metal;,, 
and  is  commonly  known  under  the  nameof  dbmtna  or  alumifums  earth.  It 
is  one  of  the  most  abundant  productions  of  nature.  It  is  found  in  every 
roffion  of  the  globe,  and  in  rocks  of  all  ages,  being  a  constituent  of  the 
oldest  primary  mountains,  of  tlie  secondary  strata,  and  of  the  most  recent 
alluvial  depositions.  The  different  kinds  of  clay  of  which  bricks,  pipes^ 
and  earthenware  are  made,  consist  of  hydrate  of  ahmiina  in  a  greater  or 
k»  degree  of  purity.  Though  this  earth  commonly  appears  in  rude  amor- 
phous masses,  it  is  sometimes  found  beautifully  crystallized. — ^The  ruby 
and  the  sapphire,  two  of  the  most  beautiful  gems  with  which  we  are  ac- 
quainted^ are  composed  almost  solely  of  alumina. 

Pure  alumina  is  prepared  from  alam,  sulphate  of  alamina  and  potassa. 
This  salt,  as  purchased  in  the  shops,  is  frequently  contaminated  with  per« 
oxide  of  iron,  and  consequently  unfit  for  many  chemical  purposes ;  but  it 
may  be  separated  from  this  impurity  by  repeated  crystaHization.  Its  ab- 
sence ia  proved  by  the  alum  being  soluble  without  residue  in  a  solution  of 
pure  potassa ;  whereas  when  peroxide  of  iron  is  present,  it  is  cither  Icfl  un- 
dissolved in  the  first  instance,  or  deposited  after  a  few  hours  in  yellowish* 
iKTOwn  flocks.  Any  quantity  of  purified  alum  is  dissolved  in  four  or  five 
times  its  weight  of  boiling  water,  a  slight  excess  of  carbonate  of  potassa 
added,  and  n&r  digesting  ror  a  few  minutes,  the  bulky  hydrate  of  alumina 
is  collected  on  a  filter,  and  wdl  washed  with  hot  water.  It  is  necessary  in 
this  operation  to  digest  and  employ  an  excess  of  alkali ;  sinee  otherwise 
the  precipitate  would  retain  some  sulphuric  acid  in  the  form  of  a  sobsul- 
phate.  But  the  alumina,  as  thus  prepared,  is  not 'yet  quite  pure ;  for  it  re- 
tains some  of  the  alkali  with  such  force,  that  it  cannot  be  separated  by 
the  action  of  water*  For  this  reason  the  precipitate  must  be  re-dissolved 
M  dilute  hydrochtorre  ftcid,  and  thrown  down  by  means  of  pure  ammo- 
Bia,  or  it»  carbonates  This  precipitate,  after  bemg  weB  washed  asd  ex- 
posed I0  a  white  boat,  yields  pure  anhydrous  aJumina.  Ammonia  can- 
»Bt  be  em^of  cd  £01  precipitatii^  alumtaow  eaxtk  directly  firom  alum. 
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becaaae  sulphate  of  alumina  is  not  completely  decomposed  by  thii  alkalh 
(Berzelius.)  An  easier  process,  proposed  by  6ay-Las«ac,  is  to  expose  suU 
phate  of  alumina  and  ammonia  to  a  strong  beat,^  so  as  to  expel  the  am- 
monia and  sulphuric  acid. 

Alumina  has  neither  taste  nor  smell,  and  is  quite  insoluble  in  water; 
It  is  Yery  infusible,  though  less  so  than  lime  or  magnesia*  It  has  a  power- 
ful-affinity for  water,  attracting  moisture  from  the  atmosphere  with  avidity; 
and  for  a  like  reason,  it  adheres  tenaciously  to  the  tongue  when  applied  to 
it  Mixed  with  a  due  proportion  of  water^  it  yields  a  soft  eohesive  mass,  sus- 
ccptiBle  of  being  moulded  into  regular  forms,  a  property  upon  which  de- 
pends its  employnfient  in  the  art  of  pottery.  When  once  moistened,  it  can- 
not be  rendered  anhydrous,  except  by  exposure  to  a  full  white  heat;  and 
in  proportion  as  it  parts  with  water,  its  volume  diminishes.  (Page  37.) 

Alumina,  owing  to  its  insolubility,  docs  not  affect  the  blue  colour  of 
plants.  It  appears  to  possess  the  properties  both  of  an  acid  and  uf  an  al- 
kali :— of  an  acid,  by  uniting  with  alkaline  bases,  such  as  potassa,  lime, 
and  baryta ; — and  of  an  alkali,  by  forming  salts  with  acids.  In  neither 
case,  however,  are  its  soluble  compounds  neutral  with  respect  to  test  paper. 

Alumina  most  probably  forms  several  different  hydrates  with  water,  and 
two  have  been  described  by  Dr.  Thomson.  One  of  these,  apparently  com- 
posed of  six  equivalents  of  water  to  one  of  alumina,  so  that  its  formula  is 
AI^6H,  was  procured  by  exposing  precipitated  ahimina  for  the  space  of 
two  months  to  a  dry  air,  the  temperature  of  which  did  not  exceed  60^  F. 
The  other  is  a  terhydrate  prepared  by  drying  the  preceding  at  a  heat  of 
about  100^,  and  its  formula  is,  therefore,  a'1-}<-3H.  The  mineral  called 
Gibbsite  has  a  similar  composition. 

Alumina  is  easily  recognized  by  the  following  ehamctcrs.  1.  It  is  sepa- 
rated from  acidsr  as  a  hydrate,  by  all  the  alkaline  carbonates,  and  by  puro 
ammonia.  ^  It  is  precipitated  by  pure  potassa  or  soda,  but  the  precipitate 
is  CQmpletelyr(^dissolved  by  an  excess  of  the  alkali* 
•  Seaquichloridexof  Aluminium, — Oersted  discovered  this  compound  by 
tjc{Uisroitting  dry-fhlorine  gas  over  a  mixture  of  alumina  and  charcoal 
b<:al^d  to  redness^  *  Qt^r^ting  on  this  substance  with  an  amalgam  of  potas- 
^ium  and  expelling  the  mercury  by  heat,  he  obtained  metallic  matter, 
which  he  believed  to  be  aluminium ;  but  not  having  leisure  to  pursue  the 
inquiry  himself,  he  requested  Wohler  to  investigate  the  subject.  Wohler 
did.  not  arrive  at  any  satisfactory  conclusion  by  the  method  suggested  by 
Oersted ;  but  met  with  ooniplete  success  by  means  of  pure  potassium,  as 
already  described. 

-'T.o  procure  chloride  of  aluminium,  Wohler  precipitated  ahiminous  earth 
from  a  hot  solution  of  alum  by  means  of  potassa,  and  mixed  the  hydrate, 
when  dry,  with  pulverized  charcoal,  sugar,  and  oil,  so  as  to  form  «  thick 
paste,  which  was  heated  in  a  covered  crucible  until  all  the  organic  matter  was 
destroyed.  By  this  means  the  alumina  was  brought  into  a  state  of  intimate 
mixture  with  finely  divided  charcoal,  and  while  yet  hot;  was  introduced  into 
a  tube  of  porcelain,  fixed  in  a  convenient  furnace.  Afler  expelling  atmo- 
spheric air  .from  the  interior  of  the  apparatus  by  a  current  of  dry  chlorino 
gas,  the  tube  was  brought  to  a  red  heat.  The  formation  of  chloride  of  alu- 
minium then  commenced,  and  continued,  with  disengagement  of  carbonic 
--oxide  gas,  during  an  hour  and  a  half^  when  the  iuhe  became  impervious 
from  sublimed  chloride  of  akiminium  collected  within  it  The  process  wa» 
then  necessarily  discontinued. 

As  thus  formed,  chloride  of  aluminium  is  of  a  pale  greenish-yellow  colour, 
partially  translucent,  and  of  a  highly  crystalline  lamellated  texture,  some- 
what like  tale,  but  without  regular  crystals.  On  exposure  to  the  air  it  fumes 
slightly,  emits  an  CKlour  of  hydrochloric  acid  gas,  and,  deliquescing,  yields  a 
clear  liquid.  When  thrown  into  water,  it  is  speedily  dissolved  with  a  hise-< 
ing  noise ;  and  so  much  heat  is  evolved,  that  tlie  water,  if  in  small  quan- 
tity, is  brought  into  a  state  of  brisk  ebuUition.    The  solution  is  probably  a> 
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tnie  hydrochlorate  of  Alttmina,  formed  bj  deoonaposition  of  water.  Accord- 
ing to  Oersted  it  is  volatile  at  a  temperature  a  little  higher  than  212^,  and 
fuses  nearly  at  the  same  degree. 

8e9quimdphuret  0/  Alumimum. — Sulphur  may  be  distilled  from  alomi- 
nium  without  combining  with  it ;  but  if  a  piece  of  sulphur  is  dropped  on 
aluminium  when  strongly  incandescent,  so  that  it  may  be  enveloped  in  an 
atmosphere  of  the  vapour  of  sulphur,  tiie  union  is  effected  with  vivid  emis- 
aion  of  light  The  resulting  sulphuret  is  a  partially  vitrified,  semi-metallic 
mass,  which  acquires  an  iron-black  metallic  lustre  when  burnished.  Applied 
to  the  tongue  it  excites  a  pricking  warm  taste  of  hydrosulphuricacid.  When 
put  into  pure  water,  or  on  exposure  to  the  air,  it  is  resolved,  by  an  inter- 
change  of  elemenLo,  into  alumina  and  hydrosulphuric  acid,  the  Iktter  escape 
ing  as  gas.    It  is  to  be  presumed  that 

1  eq.  sulphuret  and  3  cq.  water  3    1  eq.  alumina  and  3  eq.  hydrosulph.  acid. 
2A1+3S  3tH+0)      g,    2A4-30  3(H+S).    ' 

Wohlcr  finds  that  sulphuret  of  aluminium  cannot  be  generated  by  the  ac« 
tion  of  hydrogen  gas  on  sulphate  of  alumina  at  a  red  heat;  for  in  that  case 
all  the  acid  is  expelled,  without  the  aluminous  earth  being  reduced. 

Sesquiphosphuret  of  Aluminium. — When  aluminium  is  heated  to  redness 
in  contact  with  the  vapour  of  phosphorus,  it  takes  fire  and  emits  a  brilliant 
light  The  product  is  described  by  Wohler  as  a  blackish-gray  pulverulent 
mass,  which  by  friction  acquires  a  dark  gray  metallic  lustre,  and  in  the  air 
smells  instantly  of  phosphuretted  hydrogen.  By  the  action  of  water  alumina 
and  phosphuretted  hydrogen  gas  are  generated,  but  the  latter  is  net  sponta- 
neously inflammable.  The  elTervesconoe  is  less  rapid  than  with  the  suU 
phuret,  but  is  increased  by  heat 

Sesquiseleaiuret  of  Aluminium, — This  compound  is  formed,  with  disen- 
gagement of  heat  and  light,  by  heating  to  redness  a  mixture  of  selenium 
and  aluminium.  The  proiduct  is  black  and  pulverulent,  and  assumes  a  dark 
metallic  lustre  when  rubbed.  In  the  air  it  emits  a  strong  odour  of  hydro* 
■elenic  acid ;  and  this  gas  is  rapidly  disengaged  by  the  action  of  watcr^ 
which  is  speedily  reddened  by  the  separation  of  selenium. 


SECTION  IX. 

GLUCINIUM,  YTTRIUM,  THORIUM,  AND  ZIRCONIUM. 
GLUCINIUM. 

C/troina,.  which  was  discovered  by  Vauquclin  in  the  year  1798,  has  hither- 
to been  found  only  in  three  rare  minerals,  the  cuclaso,  beryl,  and  emerald. 
It  is  the  only  oxide  of  a  metal  which  Wohler  succeeded  in  preparing  in  the 
year  1S28  by  a  process  exactly  similar  to  that  described  in  the  last  section. 
Chloride  of  glucinium  is  readily  attacked  by  potassium  when  Ircatcd  vpith 
the  flame  of  a  spirit-lamp,  and  the  decomposition  is  attended  with  intense 
heat.  Ailer  removing  the  resulting  chloride  of  potassium  by  cold  water, 
the  glucinium  appears  in  the  form  of  a  grayish-black  powder,  which  ac- 
quires a  dark  metallic  lustre  by  burnishing.  It  mny  be  exposed  to  air  and 
moisture,  or  be  even  boiled  in  water,  without  oxidation.  When  heated  in 
the  open  air,  it  takes  fire  and  burns  with  a  most  vivid  li?ht;  and  in  oxygen 
^as  the  combustion  is  attended  with  extraordinary  splendour.  The  product 
in  both  cases  is  giucinn,  which  is  not  at  all  fuoed  by  the  intense  heat  thit 
accompanied  its  formation.  The  metal  is  readily  oxidized  and  dissolved  in 
sulphuric,  nitric,  or  hydrochloric  acid  with  the  aid  of  heat ;  and  the  same 
ensues,  with  disengagement  of  hydrogen  gas.  In  solution  of  potassa.     It  is 
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not  attacked,  howerer,  by  pore  aimnonia.  When  moderately  heated  in 
chlorine  gas,  it  bonu  with  g^reat  splendour,  and  a  crystallised  chloride  sub- 
limes. Similar  phenomena  ensue  in  the  vapour  of  bromine  and  iodine;  and 
it  onites  readily  with  sulphur,  selenium,  phosphorus,  and  arsenic.  (PhiL 
Bfag.  and  Annus,  v.  392.) 

According  to  the  experiments  of  Berzelius,  25.7  is  the  equivalent  of 
l^lucina;  and,  therefore,  assuming  it  to  consist  of  single  equivalenti,  a  point 
imA  yet  clearly  ascertained,  the  equivalent  of  glucinium  is  17.7.  Henoe 
ghictna  will  be  formed  of  17.7  parts  or  one  eq.  of  glucinium  and  8  parts  or 
one  eq.  of  oxygen. 

OzuU  of  Ulueinium  or  Glucina, — ^This  oxide  is  commonly  prepared  from 
beryl,  in  which  it  exists  to  the  extent  of  about  14  per  cent,  combined  with 
silicic  acid  and  alumina.  In  order  to  procure  it  in  a  separate  state,  the 
mineral  is  reduced  to  an  exceedingly  fine  powder,  mixed  with  three  times 
its  weight  of  carbonate  of  potassa,  and  exposed  to  a  strong  red  heat  for  half 
an  hour,  so  that  the  mixture  may  be  fused.  The  mass  is  then  dissolved  in 
dilute  hydrochloric  acid,  and  the  solution  evaporated  to  perfect  dryness ;  b^ 
which  means  the  silicic  acid  is  rendered  quite  insoluble.  The  alumina  and 
glucina  are  then  redissolved  in  water  acidulated  with  hydrochloric  acid, 
and  thrown  down  together  hj  pure  ammonia.  The  precipitate,  after  being 
weU  washed,  is  macerated  with  a  large  excess  of  carbonate  of  ammonia,  by 
which  glucina  is  dissolved;  and  on  boiling  the  filtered  liquid,  carbonate  of 
glucina  subsides.  By  means  of  a  red  heat  its  carbonic  acid  is  entirely  ex- 
pdled. 

Glucina  is  a  white  powder,  which  has  neither  taste  nor  odour,  and  i» 
quite  insoluble  in  water.  Its  specific  gravity  is  3.  Vegetable  colours  are 
not  affected  by  it  The  salts  which  it  forms  with  acids  have  a  sweetish 
taste,  a  circumstance  which  distinguishes  glucina  from  other  earths,  and 
ftom  which  its  name  is  derived.   (From  >a««i/c,  sweet) 

Glucina  may  be  known  chemically  by  the  following  characters.  1.  Pure 
potassa  or  soda  precipitates  glucina  from  its  salts,  but  an  excess  of  the  alkali 
redissolves  it  2.  It  is  precipitated  permanently  by  pure  ammonia  as  a 
hydrate,  and  by  fixed  alkaline  carbonates  as  a  carbonate  of  glucina.  3.  It 
is  dissolved  completely  by  a  oold  solution  of  carbonate  of  ammonia,  and  is 
precipitated  from  it  by  boiling.  By  means  of  this  property,  glucina  may  be 
both  distinguished  and  separated  from  alumina. 

YTTRIUM. 

Yttrium  is  the  metallic  base  of  an  earth  which  was  discovered  in  the 
year  1794  by  Professor  Gadolin,  in  a  mineral  found  at  Ytterby  in  Sweden, 
from  which  it  received  the  name  of  yttria.  The  metal  itself  was  prepared 
by  Wohkr  in  1828  by  a  process  similar  to  that  above  described.  Its  texture, 
by  which  it  is  distinguished  from  glucinium  and  aluminium,,  is  scalv,  its 
colour  grayish-black,  and  its  lustre  perfectly  metallic.  In  colour  and  lustre 
it  is  inferior  to  aluminium,  bearing  in  these  respects  near^  the  same  rela- 
tion to  that  metal,  that  iron  does  to  tin.  It  is  a  brittle  metal,,  while  alumi- 
nium is  ductile.  It  is  not  oxidised  cither  in  air  or  water;  but  when  heated 
to  redness,  it  burns  with  splendour  even  in  ■  atmospheric  air,  and  with  far 
greater  brilliancy  in  oxygen  gas.  The  product,  vttria,  is  white,  and  shows 
unequivocal  marks  of  fumpn.  It  dissolves  in  sulphuric  acid,  and  also,  though 
less  readily,  in  solution  of  potassa;  but  it  is  not  attacked  by  ammonia.  It- 
combines  with  sutphur,  selemum,  and  phosphorus.   (Phil.  Mag.  and  Annals, 

The  salts  of  yttria  have  in  genera!  a  sweet  taste,  and  the  sulphate,  as  well 
as  many  of  ito  salts,  has  an  amethyst  colour.  It  is  precipitated  as  a  hydrate 
by  the  pore  alkalies,  and  it  is  not  redissolved  by  an  excess  of  the  precipitant; 
but  alkaline  carbonates,  especially  that  of  ammonia,  dissolve  it  in  the  cold, 
dtongh  less  freely  than  glucina,  and  carbonate  of  yttria  is  precipiUted  by 
boiiing.    Of  all  the  earths  it  bears  the  dosest  resemblanoe  to  ^ucina;  but 
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h  IB  readily  dbtinguiahed  from  it  by  the  colour  of  its  sulphate,  by  its  insolo* 
bility  in  pure  potassa,  and  by  yielding  a  precipitate  with  ferrocyanuret  of 
potasaium.  (Berzelios.)  The  equivalent  of  yttrium,  as  deduced  by  Berzelius, 
is  32.2 ;  and  that  of  y  ttria,  which  is  probaUy  a  protoxide,  ia  40^ 

THORIUM. 

The  earthy  subetance  formerly  called  thofina,  was  found  by  Berzelius  to^ 
be  phosphate  of  y ttria ;  but  in  lo28  he  discovered  a  new  earfh,  so  similar  in 
some  respects  to  what  was  formerly  called  Ihorina,  that  he  applied  this  term 
to  the  new  substance.  Thorina  was  procured  from  a  rare  Norwegian  mine^ 
ral,  now  called  thorite^  which  was  sent  to  Berzelius  by  M.  Esmarck.  It 
constitutes  57.91  per  cent  of  the  mineral,  and  occurs  in  the  form  of  a  hy- 
drated  silicate  of  thorina.  In  order  to  prepare  thorina,  the  mineral  is  re- 
duced to  powder,  and  digested  in  hydrochloric  acid ;  when  a  gelatinous  mass 
is  formed,  from  which  silicic  acid  is  separated  by  evaporating  to  dryness, 
and  dissolving  the  soluble  parts  in  dilute  acid.  The  solution  is  then  freed 
from  lead  and  tin,  which  occur  in  thorite  along  with  several  impurities,  by 
hrdrosulphurie  acid,  and  the  earths  are  thrown  down  by  pnre  ammonia. 
The  precipitate,  afler  being  well  washed,  is  dissolved  in  dilute  sulphuric 
acidt  and  the  solution  evaporated  at  a  high  temperature  till  only  a  small 
quantity  of  fluid  remains.  During  the  evaporation  the  greater  part  of  the 
tJiorina  is  deposited  as  a  sulphate ;  and  on  decanting  the  remaining  fluid, 
washing  the  residue,  and  heating  it  to  redness,  pure  thorina  remains.  (An. 
de  Cb.  et  de  Ph.  zliii,  5.) 

The  metallic  base  of  Ihorina  (thorium)  was  procured  by  the  action  of 
potassium  on  chloride  of  thorium,  decomposition  being  accompanied  with  a 
slight  detonation.  On  washing  the  mass,  thorium  is  lefl  in  the  form  of  a 
heavy  metallic  powder,  of  a  deep  Icaden.gray  colour ;  and  when  pressed  in 
an  agate  mortar,  it  acquires  metallic  lustre  and  an  iron-gray  tint.  Thorium 
is  not  oxidized  either  by  hot  or  cold  water;  but  when  gently  heated  in  the 
open  air,  it  barns  with  great  brilliancy,  comparable  to  that  of  phosphorus 
burning  in  oxygen.  The  resulting  thorina  is  as  white  as  snow,  and  does 
not  exhibit  the  least  trace  of  fusion.  It  is  not  attacked  by  caustic  alkalies 
at  a  boiling  heat,  is  scarcely  at  all  acted  on  by  nitric  acid,  and  very  slowly 
by  the  sul^niric;  but  it  is  readily  dissolved  with  disengagement  of  hydrogen 
gas  by  hydrochloric  acid. 

Thorina,  when  formed  by  the  oxidation  of  thorium,  or  after  being  strong-- 
ly  heated,  is  a  white  earthy  substance,  of  specific  gravity  9.402,  and'  insolki- 
ble  in  all  the  acids  except  the  sulphuric ;  and  it  dissolves  even  in  that  with 
difficulty.  It  is  precipitated  from  its  solutions  by  the  caustic  alkalies  as  a 
hydrate,  and  in  this  state  absorbs  carbonic  acid  from  the  atmosphere,  and 
dissolves  readily  in  acids.  All  the  alkaline  carbonates  dissolve  the  hydrate, 
carbonate,  and  sub-salts  of  thorina.  Its  exact  composition  is  not  known ; 
but  its  equivalent  is  about  67.6. 

Thorina  is  distinguished  from  alumina  and  ghicina  by  its  insolubility  in 
pure  potassa;  from  y ttria  by  forming  with  sulphate  of  polassa  a  double  salt 
which  is  quite  insoluble  in  a  cold  saturated  solution  of  sulphate  of  potassa ; 
and  from  zirconia  by  the  circumstance  that  this  earth,  afler  being  precipi- 
tated from  a  hot  solution  of  sulphate  of  potassa,  is  almost  insoluble  in  water 
and  the  acids.  Thorina  is  precipitated,  also,  by  ferrocyanuret  of  potassium, 
which  does  not  separate  zirconia  from  its  solutionsi*  Berzelius  has  remark- 
ed that  sulphate  of  thorina  is  much  more  soluble  in  cold  than  in  hot  water, 
so  that  a  cold  saturated  solution  becomes  turbid  when  heated,  and  in  cooling 
recovers  its  transparency. 

Chloride  of  thorium  is  readily  prepared  by  carbonizing  an  intimate  mix- 
ture of  thorina  and  sugar  in  a  covered  platinum  crucible,  and  then  exposing 
the  rMidoe  at  a  red  heat  in  a  porcelain  tube  to  a  current  of  dry  chlorine. 
The  chloride,  possessing  but  little  vohitility,.  collects  ia  the  tube  just  beyond 
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the  united  part,  in  the  ibrm  of  a  parliaHy  ibeed,  cryetalKne,  white  mus*    It 
U  ■ouible  in  water  with  oonnderable  rise  of  temperature* 

When  thorium  ie  heated  in  the  vapour  of  ralphor,  the  phenomena  of  oom- 
Inistion  ensne  with  the  same  brilliancy  as  in  air,  and  a  solphuret  resulta*  A 
phoaphuret  may  be  formed  by  a  amilar  prooets» 

ZIBOONIUM. 

The  experiments  of  Davy  proved  zirconia  to  be  an  oxidized  body,  and  a^ 
fcrded  a  presamption  that  its  base,  zirconium^  is  of  a  metallic  nature ;  but 
Berzelius  first  obtained  the  metal  in  1824,  by  heating,  with  a  spirit-lamp,  a 
mixture  of  potassium  and  the  double  fluoride  of  zirconium  and*  potassium, 
carefully  dried,  in  a  tube  of  glass  or  iron.  The  reduction  takes  place  at  a  *^ 
temperature  below  redness,  without  emission  of  light;  and  the  mass  is 
washed  with  boiling  water,  and  aflerwards  digested  for  some  time  in  dilute 
hydrochloric  acid.    The  residue  is  pure  zirconium. 

Zirconium,  thus  obtained,  is  in  the  form  of  a  black  powder,  which  may 
ho  boiled  in  water  witliout  being  oxidized,  and  is  attacked  with  difficulty  fcjr 
sulphuric,  hydrochloric,  or  nitro-hydrocbloric  acid ;  but  it  is  dissolved  readi- 
ly, and  with  disengafoment  of  hydrogen  gas,  by  hydrofluoric  acid.  Heated 
in  the  open  air,  it  takes  fire  at  a  temperature  iw  below  huninousnesSf  bums 
brightly,  and  is  converted  into  zirconia.  Its  metallic  nature  seems  some* 
what  questionable.  It  mav  indeed  be  pressed  out  into  thin  shining  scales  of 
a  dark  gray  colour,  and  of  a  lustre  which  may  be  called  metallic ;  but  its 
|»rtides  cohere  toother  very  foebiy,  and  it  has  not  been  procured  in  a  state 
capable  of  conducting  electricity.  These  points,  however,  require  further 
Investigation  before  a  decisive  opinion  on  the  subject  can  be  adopted.  (Fog. 
Annalen,  iv.) 

Oxide  of  Zireoniufn  was  discovered  in  the  year  1789  bv  Klaproth  in  the 
jargon  or  zircon  of  Ceylon,  and  has  since  been  found  in  the  hyacinth  from 
Axpailly  in  France.  It  is  an  earthy  substance,  resembling  alumina  in  ap> 
|)earance,  of  specific  gravitv  4.3,  having  neither  taste  nor  odour,  and  qnite 
insoluble  in  water.  It  is  so  hard  that  it  will  scratch  glass.  Its  colour,  when 
pure,  is  white ;  but  it  has  frequently  a  tinge  of  yellow,  owing  to  the  presence 
of  iron,  from  which  it  is  separated  with  great  difficulty.  It  phosphoresces 
vividly  when  heated  strongly  before  the  blowpipe.  Its  salts  are  distin* 
guished  from  those  of  alumina  or  ^lucina  by  being  precipitated  by  all  the 
pure  alkalies,  in  an  excess  of  which  it  is  insoluble.  The  alkaline  carbonates 
precipitate  it  as  carbonate  of  zirconia,  and  a  small  portion  of  it  is  redissolved 
by  an  excess  of  the  precipitant,  especially  when  a  bicarbonate  is  employed. 
It  difiers  from  all  tlie  earths,  except  thorina,  in  being  precipitated  when  any 
of  its  neutral  salts  are  boiled  with  a  saturated  solution  of  sulphate  of  p<^ 
tassa,  the  zirconia  subsiding  as  a  subsalt,  and  the  potassa  remaining  in  eola- 
tion as  a  bisulphatc.  Zirconia  is  precipitated  from  its  salts  by  pure  ammo- 
nia as  a  bulky  hydrate,  which  is  readily  soluble  in  acids ;  but  if  this  hydrate 
is  ignited,  dried,  or  even  washed  with  boiling  water,  it  aflerwards  resists 
the  action  of  the  acids,  and  is  dissolved  by  them  with  gre^t  difficulty. 
Stronj^  sulphuric  acid  is  then  its  best  solvent  (Berzelius.)  When  hydrated 
zirconia  is  heated  to  commencing  redness,  it  parts  with  its  water,  and  soon 
afier  emits  a  verv  vivid  glow  for  a  short  time.  This  phenomenon  appears 
to  denend  upon  the  particles  of  the  zirconia  suddenly  approaching  each  otberi 
and  thus  acquiring  much  greater  density  than  it  previously  poesrased.  Oxide 
of  chromium,  titanic  acid,  and  several  other  compounds,  afford  instances  of 
the  same  appearance ;  and  whenever  it  takes  place,  the  susceptibility  of  the 
substance  to  be  attacked  by  fluid  reagents  is  greatly  diminished.  (Berze- 
lius.)   . 

The  composition  of  zirconia  has  not  yet  been  satisfactorily  determined. 
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From  ■ome  tnalyies  by  BeneliiM,  described  in  the  Ewty  above  referred  to| 
it  is  probable  that  the  atomic  weight  of  thia  earth  is  about  30  or  33.* 

Sulphuret  of  SRreomum* — ^This  compound  may  be  prepared,  according  to 
Bennios,  by  heating^  zirconium  with  stUphor  in  an  atmosphere  of  hy^ofren 
f^ ;  and  the  union  is  e&cted  with  feeble  emission  of  light.  The  prodoot 
IS  pulvemlent,  a  non-conductor  ofelectricity,of  a  dark  chestnut-brown  colour* 
and  without  lustre.  It  is  insoluble  in  sulphuric,  nitric,  and  hydrochlorio 
acid ;  and  it  is  slowly  attacked  by  nitro-hydrochloric  acid,  even  with  the 
aid  of  heat  It  is  readily  dissolved  by  hydrofluoric  acid,  with  disengage* 
ment  of  hydrogen  gasL 


SECTION  X. 

SIUCIUM. 

Tbat  silicic  acid  or  silica  is  composed  of  a  combustible  body  united  witb' 
oxygen,  was  demonstrated  b^  Davy ;  for  on  bringing  the  vapour  of  potas' 
slum  in  contact  with  pure  silicic  acid  heated  to  whiteness,  a  silicate  of  po- 
tassa  resulted,  through  which  was  diffused  the  inflammable  base  of  silicic 
acid  in  the  form  of  black  particles  like  plumbago.  To  this  substance,  on 
the  supposition  of  its  being  a  metal,  the  term  silicxum  was  applied.  But 
though  this  view  has  been  adopted  by  most  chemists,  so  little  was  known 
with  certainty  concerning  the  real  nature  of  the  base  of  sihca,  that  Dr. 
Thomson  inclined  to  the  opinion  of  its  being  a  non-metallic  body,  and  ac- 
cordingly associated  it  in  his  system- of  chemistry  with  carbon  and  boron 
under  the  name  of  silicon.  The  recent  researdies  of  Berzelius  appear  almost 
decisive  of  this  question.  A  substance  which  wants  the  metallic  lustre,  and 
is  a  nonconductor  of  electricity,  cannot  be  regarded  as  a  metal.  It  may 
not  be  improper,  however,  to  have  the  absence  of  these  qualities  more  coni- 
pletely  ascertained,  before  separating  silica  from  a  class  of  bodies  with 
which,  in  several  respects,  it  is  so  nearly  allied. 

^  Pure  sillcium  was  first  procured  by  Berzelius  in  the  year  1824  by  the  ac- 
tion of  potassium  on  fluosilicic  acid  gas ;  but  it  is  more  conveniently  pre- 
pared from  the  double  fluoride  of  silicium  and  potassium  or  sodium,  pre- 
viously dried  by  a  temperature  near  that  of  redness.  When  thb  compound 
is  heated  in  a  glass  tube  with  potassium,  the  latter  unites  with  fluorine,  and 
silicium  is  separated.  The  heat  of  a  spirit-lamp  is  sufficient  for  the  purpose, 
an^  the  decomposition  takes  place,  accompanied  with  feeble  detonation,  be- 
fore the  mixture  becomes  red-hot.  When  the  mass  is  cold,  the  soluble  parts 
are  removed  by  the  action  of  water ;  the  first  portions  of  which  produce  dis- 
engagement of  hydrogen  gas,  owing  to  the  presence  of  some  siliciuret  of 
potassium.  The  silicium  thus  procured  is  chemically  united  with  a  little 
hydrogen,  and  at  a  red  heat  burns  vividly  in  oxygen  gas.  In  order  to  ren- 
der it  quite  pure,  it  should  be  first  heated  to  redness,  and  then  digested  in 
dilute  hydrofluoric  acid  to  dissolve  adherent  particles  of  silicic  acid.  (An- 
nals  of  Philosophy,  xxvi.  116.) 

Silicium  obtained  in  this  manner  has  a  dark  nutbrown  colour,  without 
theleast  trace  of  metallic  lustre.  It  is  a  non-conductor  of  electricity.  It  is 
incombustible  in  air  and  in  oxygen  gas ;  and  may  be  exposed  to  the  flame 
of  the  blowpipe  without  fbsing  or  undergoing  any  other  change.    It  is  nei- 

*  Dr.  Turner  here  no  donbt  intended  to  say  that  the  atomic  weight  of 
xiramium  is  SO  or  33.  Berzelius  makes  the  atomic  weight  of  this  radical 
33.671,  which  is  nearly  the  same  number  with  that  given  by  Dr.  Turner 
tor  zirconium  in  the  table  of  equivalents  at  page  141.— £i2. 
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ther  diMolved  nor  oxidised  hj  the  Bolpharic,  nitric,  hydrochloric,  or  hydro- 
fluoric acid ;  but  a  mixture  of  the  nitric  and  hydrofluoric  acida  disaolvea  it 
readily  even  in  the  cold.* 

Silicium  is  not  chan^ried  by  ignition  with  chlorate  of  potassa.  In  nitre  it 
doea  not  deflagrate  until  the  (eroperaiure  is  raised  so  high  that  the  acid  is 
decomposed ;  and  then  the  oxidation  is  effected  by  the  affinity  of  the  disen- 
gaged alkali  for  silicic  acid,  co-operating  with  the  attraction  of  oxygen  for 
silicium.  For  a  similar  reason  it  burns  vividly  when  brought  into  contact 
with  carbonate  of  potassa  or  soda,  and  the  combustion  ensues  at  a  tempera- 
ture considerably  bdow  that  of  redness.  It  explodes  in  consequence  of  a 
copious  evolution  of  hydrogen  gas,  when  it  is  dropped  upon  the  fused  hydrate 
of  potassa,  soda,  or  baryU. 

Berxelius  ascertained,  by  oxidizing  a  known  weight  of  silicium,  that  100 
parts  of  silicic  acid  are  composed  of  48.4  of  silicium  and  51.6  of  oxygen, 
rfow  if  silicic  acid,  as  Dr.  Thomson  supposes,  be  composed  of  single  atoms 
of  its  elements,  then  the  equivalent  of  silicium  will  be  7.5 ;  but  if,  as  Berxe- 
lius believes,  the  smallest  molecule  of  that  acid  contain  three  atoms  of  oxy- 
gen united  with  one  atom  of  silicium,  the  equivalent  of  silicium  would  be  22JS. 
The  latter  view  is  supported  by  very  strong  analogries ;  but  as  the  former 
applies  more  eonveniently  in  expressmg  the  composition  of  the  silicates,  I 
have  adopted  it  by  preference.  The  composition  of  the  compounds  of  sili- 
cium, described  in  this  section,  may  accordingly  be  stated  as  follows : — 

Silicium.  Equiv.      Formulae. 

Silicic  acid      .    .    7.5    1  eq.+Oxygen      8       1  eq.=:15^    Si-f  O  or  Si. 
Chloride      .    .     .     7.5     1  eq-f. Chlorine  3.5.42  1  eq.=  42.92  Si-|-Cl  or  SiCl- 
Bromide      ...    7.5    1  eq.-|- Bromine  78.4    leq.=  85.9    Si-j-BrorSiBr* 
Sulphurct    ...     7^     1  cq.-f  Sulphur   16.1     1  eq.=23.6    Si-f  S  or  SIS. 
Fluosilicic  acid  gas  7.5     1  eq.-f- Fluorine  18.68  1  eq.=si26.18  Si-f-F  or  SiF. 

Silicic  Acid. — ^This  compound,  known  also  by  the  names  of  sUica  and 
aUictous  earthy  exists  abundantly  in  nature.  It  enters  into  the  composition 
of  most  of  the  caKhy  minerals;  and  under  the  name  of  quartz  rock,  forma 
independent  mountainous  masses.  It  is  the  chief  ingredient  of  sandstones, 
flint,  calccdony,  rock  crystal,  and  other  analogous  substances.  It  may 
indeed  be  procured,  of  sufiicient  purity  for  most  purposes,  by  igniting  trans- 


*  Dr.  Turner  has  not,  perhaps,  described  with  sufficient  distinctness,  the 
two  states  under  wliich  silicium  appears.  Its  characters  are  so  much  altered 
by  exposure  to  a  high  temperature,  that  Berzelius  has  deemed  it  expedient 
to  ^ive  a  separate  description  of  its  properties,  as  it  appears  before  and  afler 
ignition. 

Silicium  before  ignition  is  neither  oxidized  nor  dissolved  by  sulphuric, 
nitric,  or  r^tro-rauriatic  acid,  even  at  the  boiling  temperature ;  but  it  is  solu- 
ble in  liquid  hydrofluoric  acid  at  common  temperatures,  and  in  a  heated 
concentrated  solution  of  caustic  potassa.  It  burns  readily  and  vividly  in  air, 
and  still  more  vividly  in  oxygen  gas.  A  part  of  it  only  undergoes  combus- 
tion, the  remainder  being  protected  by  the  coating  of  silica  which  becomes 
formed.     In  this  state  silicium  contains  a  little  hydrogen. 

If  a  portion  of  silicium  which  has  undergone  combustion  on  its  surface, 
be  subjected  to  the  action  of  hydrofluoric  acid,  the  silica  is  removed,  and  a 
nucleus  of  silicium  is  obtained  in  that  state  in  which  it  exists,  aflcr  having 
been  condensed  and  altered  in  its  properties  by  heat  It  is  now  perfectly 
incombustible,  and  is  no  longer  soluble  in  hydrofluoric  acid  or  a  solution  of 
caustic  potassa. 

Berzelius  does  not  appear  to  attribute  the  difference  in  properties  between 
the  two  forms  of  silicium  to  the  presence  of  hydrogen  in  one  of  them ;  but 
rather  to  a  difference  in  the  aggregation  afiho  partides.  Berzelius,  JVaiti 
4eChimU,L310^Ed,  *^ 
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parent  speeioMiit  of  rock  cryftal,  throwing  them  while  red-hot  into  water, 
and  then  reducing  them  to  powder. 

Pore  silicic  acid,  in  this  state,  is  a  light  white  powder,  which  feels  rough 
and  drj  when  rubbed  between  the  fingers,  and  is  both  insipid  and  inodorous. 
It  is  fixed  in  the  fire,  and  very  infusible ;  but  fuses  before  the  oxy-hydrogen 
blowpipe  with  greater  fiicility  than  lime  or  magnesia. 

In  its  solid  form  silicic  acid  is  quite  insoluble  in  water ;  but  fierzelius  has 
shown,  that  if  presented  to  water  while  in  the  nascent  state,  it  is  dissolved 
in  large  quantity.  On  evaporating  the  solution  gently,  a  bulky  gelatinous 
iiydrate  separates,  which  is  partially  decomposed  by  a  very  moderate  tempe- 
rature, but  does  not  part  with  all  its  water  except  at  a  red  heat 

Silicic  acid  has  no  action  on  test  paper ;  but  in  all  its  chemical  relations 
it  manifests  the  properties  of  an  acid,  and  displaces  carbonic  scid  by  the  aid 
of  heat  from  the  alkalies.  Its  combinations  with  the  fixed  alkalies  are 
effected  by  mixing  pure  sand  with  carbonate  of  potassa  or  soda,  and  heating 
the  mixture  to  r^ness.  During  tlie  process,  carbonic  acid  is  expelled,  and 
a  silicate  of  the  alkali  is  crenerated.  The  nature  of  the  product  depends 
upon  the  proportions  which  are  employed.  On  igniting  one  part  of  silicic 
acid  with  three  of  carbonate  of  potassa,  a  vitreous  mass  is  formed,  which  is 
deliquescent,  and  may  bo  dissolved  completely  in  water.  This  solution, 
which  was  formerly  called  U^or  Bilicum^  has  an  alkaline  reaction,  and  ab- 
sorbs carbonic  acid  on  exposure  to  the  atmosphere,  by  which  it  is  partially 
decomposed.  Concentrated  acids  precipitate  the  silicic  acid  as  a  gelatinous  hy- 
drate; but  if  a  considerable  quantity  of  water  is  present,  and  the  acid  is  added 
gradually,  the  alkali  may  be  perfectly  neutralized  without  any  separation  of 
siUcic  acid.  When  a  solution  of  this  kind  is  evaporated  to  dryness,  the  silicic 
acid  is  rendered  quite  insoluble,  and  may  thus  he  obtained  in  a  pure  fi>rm. 

But  if  the  proportion  of  silicic  acid  and  alkali  be  reversed,  a  transparent 
brittle  compound  results,  which  is  insoluble  in  water,  is  attacked  by  none  of 
the  acids  excepting  the  hydrofluoric,  and  possesses  the  well-known  proper- 
ties of  ^lasB.  Every  kind  of  ordinary  ^lass  is  a  silicate,  and  all  its  varieties  * 
are  owing  to  differences  in  the  proportion  of  the  constituents,  to  the  nature 
of  the  alkali,  or  to  the  presence  of  foreign  matters.  Thus,  green  bottle  glass 
is  made  of  impure  materials,  such  as  river  sand,  which  contains  iron,  and 
the  uKMt  common  kind  of  kelp  or  pearl  ashes.  Crown  glass  for  windows  is 
made  of  a  purer  alkali,  and  sand  which  is  free  from  iron.  Plate  gl«s8,  for 
looking-glasses,  is  com  posed  of  sand  and  alkali  in  their  purest  state;  and  in 
the  formation  of  flint  glass,  besides  these  pure  ingredients,  a  considerable 
quantity  of  litharge  or  red  lead  is  employed.  A  small  portion  of  peroxide 
of  manganese  is  also  used,  in  order  to  oxidize  carbonaceous  matters  con- 
tained in  the  materials  of  the  glass;  and  nitre  is  sometimes  added  with  the 
same  intenticfti.  Ordinary  flint  glass,  accordin?  to  Mr.  Faraday,  contains 
51.93  per  cent  of  silicic  acid,  33.28  of  oxide  of  lead,  and  13.77  of  potassa; 
proportions  which  correspond  to  one  eq.  of  potassa,  one  eq.  of  oxide  of  lead, 
and  nearly  twelve  eq.  of  silicic  acid.  Flint  glass,  accordingly,  is  a  double 
salt,  consisting  chiefly  of  sexsilicate  of  potassa  and  scxsilicate  of  oxide  of 
lead. 

Chloride  of  SUieium, — ^When  silicium  is  heated  in  a  current  of  chlorine 
gas,  it  takes  fire,  and  is  rapidly  volatilized.  The  product  of  the  combustion 
condenses  into  a  liquid,  which  appears  to  be  naturally  colourless,  but  to 
whirh  an  excess  of  chlorine  communicates  a  yellow  tint.  This  fluid  is  very 
limpid  and  volatile,  and  evaporates  almost  instantaneously  in  open  vessels  in 
the  form  of  a  white  vapour.  It  boils  at  124^  and  bears  a  cold  of  zero  with- 
out becoming  solid.  It  has  a  suffocating  odour  not  unlike  that  of  cyanogen, 
and  when  put  into  water  is  converted  into  hydrochloric  and  silicic  acids,  the 
latter  being  easily  obtained  in  a  gelatinous  form.  (Berzelius.) 

This  chloride  may  also  be  prepared  bv  the  method  proposed  by  Oersted, 
which  has  been  so  successfully  applied  m  the  formation  of  other  chlorides. 
It  coDsists  in  mixing  about  equal  parts  of  hydrated  silicic  acid  and  starch 
into  a  paste  with  oiL  heating  the  mass  in  a  eovered  cmeible  so  as  to  char 

28 
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the  •tareh,  introducing  the  mixture  in  fnijrinente  into  a  poroeluil  tube,  tad 
then  transmitting  through  it  a  carreot  of  dry  chlorine  gas,  while  the  tobo  is 
kept  at  a  red  heat  The  chlorine  unites  with  siliciam,  while  the  charooal 
and  ozjgen  combine.  The  volatile  chloride  is  then  agitated  with  mercury 
to  separate  the  free  chlorine,  and  purified  by  distillation. 

Bromide  of  iSUicuim. — ^This  compound  was  made  by  Senillas  in  precisely 
the  same  mode  as  that  just  described,  merely  substituting  the  vapour  of 
bromine  for  chlorine.  When  purified  from  free  bromine  by  mercury,  and 
redistilled,  it  is  a  colourless  liquid,  which  emits  dense  ^vapours  in  an  open 
vessel,  being  decomposed  by  the  moisture  of  the  air,  and  is  denser  than 
strong  sulphuric  acid.  At  302^  it  enters  into  ebullition,  and  freezes  at  l(P. 
Potassium,  when  gently  heated,  acts  on  it  with  such  energy  that  detonation 
ensues.  By  water  it  is  resolved  into  hydrobromic  and  silicic  acids*  (Phil. 
Mag.  and  Annals,  xi.  395.) 

&lphuret  of  SUicium, — This  compound  is  formed  by  heating  silicium  in 
the  vapour  of  sulphur,  and  the  union  is  attended  with  the  phenomena  of 
combustion.  The  product  is  a  white  earthy-looking  substance,  which  is  in- 
stantly converted  by  the  action  of  water  into  hydrosulphuric  and  silicic 
acids;  and  while  the  former  escapes  with  effervescence,  the  latter  is  dis- 
solved in  large  quantity.  In  open  vessels,  owing  to  the  moisture  of  the  at- 
mosphere, it  undergoes  a  similar  change;  but  in  dry  air  it  may  be  kept  un- 
altered. 

FiuooUicic  Add, — ^This  gas  is  formed  whenever  hydrofiuoric  and  sUicic 
■eids  come  in  contact ;  and  hence  pure  hydrofluoric  acid  can  be  prepared  in 
metallic  vessels  only,  and  with  fluor  spar  that  is  free  from  rock  crystal. 
The  most  convenient  method  of  procuring  it,  is  to  mix  in  a  retort  one  part 
of  pulverized  fluor  spar  with  its  own  weight  of  sand  or  pounded  glass,  and 
two  parts  of  strong  sulphuric  acid.  On  applying  a  gentle  heat,  fluosilicic 
acid  gas  is  disengaged  with  effervescence,  and  may  be  coUeeted  over 
mercury. 

The  chemical  changes  attending  this  process  are  differently  explained, 
aoeording  to  the  view  which  is  taken  concerning  the  nature  of  the  product. 
In  regarding  floor  spar  as  a  compound  of  fluoric  acid  and  lime,  the  former 
al  the  moment  of  being  set  free  is  thought  to  unite  directly  with  silicic 
acid,  thereby  giving  rise  to  a  compound  of  silide  and  fluoric  acids.  But 
for  reasons  already  stated  (pa^  240),  fluor  spar  is  not  considered  as  floate 
of  lime;  and,  therefore,  this  view  cannot  be  admitted.  It -is  inferred,  on  the 
contrary,  that  when,  by  the  action  of  sulphuric  acid  on  fluoride  of  calcium, 
hydrofluoric  acid  is  generated,  the  elements  of  this  acid  react  on  those  of 
silicic  acid,  and  give  rise  to  the  production  of  water  and  fluosiUcic  acid  gas. 
This  gas  is,  therefore,  a  fluoride  of  silicium.  It  may  occur  to  some  whether 
hydrofluoric  acid  does  not  unite  directly  with  silicic  add ;  but  this  idea  is 
inconsistent  with  the  proportion  in  which  the  elements  of  the  gas  are  found 
to  be  united. 

This  compound  is  a  colourless  gas  which  oxtinguiahes  flame,  destroys 
animals  that  are  immersed  in  it,  and  irritates  the  respiratory  organs  power, 
fully.  It  does  not  corrode  glass  vessels  provided  they  are  quite  dry.  When 
mixed  with  atmospheric  air  it  forms  a  white  cloud,  owing  to  the  presence  of 
watery  vapour.  Its  spedfic  gravity,  according  to  Dr.  Thomson,  is  3.6111 ; 
and  100  cubic  inches  of  it  st  60^  and  when  the  barometer  sUnds  at  30 


indies,  weigh  111.986  mii 

'  9r  acts  powerfully  on  fluosiUcic  acid  gas,  < 
r  to  Dr.  Davy,  365  times  its  volume.  (Philos.  Trans,  for  1812.)    The 


Water  acts  powerfully  on  fluosilicic  acid  gas,  of  which  it  condenses,  ac- 


fOM  suners  decomposition  at  the  moment  of  contact  with  water,  silicic  add 
m  the  form  of  a  gelatinous  hydrate  being  deposited,  which  when  well  wash- 
ed is  quite  pure.  The  liquid,  which  has  a  sour  taste  and  reddens  litmus 
paper,  eootains  the  whole  of  the  hydrofluoric  acid,  together  with  two-thirds 
of  the  silide  acid  which  was  originally  present  in  the  gas.  (Berselius.) 
By  conducting  fluosilidc  acid  gas  into  a  solution  of  ammonia,  complete  de- 
oonpontioir  ensues:— hydrofluoric  add  unites  with  the  alkali,  forming  hy- 
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drofloate  of  ammonia,  and  all  tbo  silicic  acid  ia  deposited.  On  this  fact  is 
ibonded  the  mode  of  analyzing  fluosilicic  aeid  gas,  adopted  by  Dr.  Da^y  and 
Dr.  Thomson. 

The  solution  which  is  formed  by  fully  saturating  water  with  fluosilicic 
aeid  gas  is  powerfully  acid,  and  emits  fumes  on  exposure  to  the  air.  It  is 
commonly  known  by  the  name  of  nlicated  fluoric  acid;  but  a  more  appro- 
priate term  is  mHieo-hydrofluoric  acid.  According  to  the  experiments  of 
fierulius,  it  appears  to  be  a  definite  compound  of  hydrofluoric  and  silicic 
acids,  in  the  ratio  of  three  equivalents  of  the  former  to  two  of  the  latter. 
If  evaporated  before  separation  fh)m  the  silicic  acid,  deposited  by  the  action 
of  water  on  fluosilicic  acid  gas,  this  compound  is  reproduced.  But  if  the 
solution  is  poured  off  from  the  silicic  acid  thus  deposited,  and  then  evapc^ 
rated,  fluosilicic  acid  gas  is  at  first  evolved,  and  subsequently  hydrofluoric 
acid  and  water  are  expelled.  The  evaporation  of  silico-hydrofluoric  acid  m 
vacuo  is  attended  bv  a  similar  chanse,  so  that  this  acid  cannot  be  obtained 
free  from  water.  It  does  not  corrode  glass ;  but  when  evaporated  in  glass 
vessels,  the  production  of  free  hydrofluoric  acid  of  course  gives  rise  to 
corrosion. 

On  neutralising  ailico-hydroflnoric  acid  with  ammonia,  and  gently  evapo- 
rating to  dryness,  all  the  silicic  acid  is  rendered  insoluble.  By  exactly  neu- 
tralizmg  with  carbonate  of  potassa,  a  sparingly  sohiUe  douUe  fluoride  of 
silicium  and  potassium  subsides.  The  precipitation  is  still  more  complete 
with  chloride  of  barium,  when  the  insoluble  fluoride  of  silicium  and  barium 
is  generated.  A  variety  of  similar  compounds  may  be  obtained  either  by 
double  deoompositbn,  or  by  the  action  of  silico-hydrofluoric  add  on  metallic 


CLASS  IL 

M£TALS,  THE  OXIDES  OF  WHICH  ARE  NEITHER 
ALKALIES  NOR  EARTHS. 

ORDER  I. 

METALS  WHICH  DECOMPOSE  WATER  AT  A  RED  HEAT. 

SECTION  XI. 

MANGANESE. 

Tbb  Uack  oxide  of  manganese  was  described  in  the  year  1774  b^  Scheele 
as  a  peculiar  earth,  and  Gahn  subsequently  showed  that  it  contams  a  new 
metal,  to  which  he  gave  the  name  of  magneoium  ;  a  term  since  ap(^ed  to 
the  metallic  base  of  magnesia,  and  for  which  the  words  manganuium  and 
iiMfi£am«m  have  been  substituted.  This  metal,  owing  doubtless  to  its  strong 
affinity  for  oxygen,  has  never  been  found  in  an  uncombined  state  in  the 
earth;  but  its  oxides  are  very  abundant  The  metal  may  be  obtained  by 
forming  finely  powdered  oxide  of  manganese  into  a  paste  with  oil,  laying 
the  mass  in  a  Hessian  crucible  lined  with  charcoal,  luting  down  a  cover 
carefully,  and  exposing  it  during  an  hour  and  a  half^  or  two  hours,  to  the 
stroDgesI  heat  of  a  smithes  forge. 

Manganese  is  t  bard  brittle  metal,  of  a  grayish-white  ookmr,  and  granu- 
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Ur  texture.  Ita  specific  gravity,  according  to  John,  is  8.013.  When  pure 
it  is  not  attracted  hv  the  magnet  It  is  exceedingly  infusible,  requiring  the 
highest  heat  of  a  wind  furnace  for  fusion.  It  soon  tarnishes  on  exposure  to 
the  air,  and  absorbs  oxy^n  with  rapidity  when  heated  to  redness  in  open 
▼easels.  It  slowly  decomposes  water  at  common  temperatures  with  disen- 
gagement of  hydrogen  gas ;  but  at  a  red  heat  decomposition  is  rapid,  and 
protoxide  of  manganese  is  generated.  Decomposition  4>f  water  is  likewise  uc- 
oasioned  by  dilute  sulphuric  acid,  and  sulphate  of  protoxide  of  manganese  is 
the  product 

fienelius,  from  an  analysis  of  chloride  of  manganese,  found  27.7  as  the 
equivalent  of  manganese,  a  number  which  agrees  closely  with  my  own  ex- 
periments on  the  same  chloride.  The  composition  of  the  compounds  of  man- 
ganese described  in  this  section  is  as  follows : — 

Manganese.  Equiv.  Formule. 

Protoxide  27.7    1  eq-^-Oxygen  8 


Sesqui- 

oxide 
Peroxide  27.7 
Red  Oxide  83.1 
Varvicite  110.8 
Manga,  (n^n 
nieacid  \^^'^ 
Perman.  <  ee  a 

acid  p-^ 
Proto-  r  Q7  7 
chloride  ^'*'' 
Perchlo-  &  ee  i 

ride.  >^-^ 
Perflao- 

ride 
Pjroto.iil.J27  7 
phuret     \ 
Cyanuret   27.7 


55.4     2eq.4.do. 

1  eq.-f-do. 
3eq..f  do. 
4eq.4-do. 


24 

16 
32 
56 

24 


leq.=  35.7 
3eq.=:  79.4 

2eq.s=  43.7 
4eq.»115.1 
7eq.sl66.8 

51.7 


Mn-(.Oor  Mn. 
2Mn4.30or  Mn. 

Mn4-20or  Mn. 
3Mn  +  40orMn»0*. 
4Mn+70orMnH>7. 

Mn4.30orSin. 


55.4 


leq.+do.        24       3eq.=: 

2eq.4.do.         56       7eq.s=111.4    2Mn+70orMn. 

leq.-(.Chlor.    35.42  1  eq.s  63.12    Mn+Cl  or  MnCl. 

2 eq.-(.do.       247.94  7  eq.s303.34  2Mn+7aorMn>Cl7. 

2eq.+Fluor.  130.76  7eq.rsl86.l6  2Mn4.7For  MnsPr. 

1  eq..f.Snlph.    16.1     1  eq.«:  43.8      Mn^-SorMn^ 
1  eq.+Cyano.  26.39   1  eq.=  54.09    Mn-f  Cy  or  MnCy. 

OXIDES  OF  MANGANESE. 

In  studying  metallic  oxides,  it  is  necessary  to  distinguish  oxides  formed 
by  the  direct  union  of  oxygen  and  a  metal,  from  those  that  consist  of  two 
other  oxides  united  with  each  other,  and  which,  therefore,  in  composition, 
partake  of  the  nature  of  a  salt  rather  than  of  an  oxide.  An  instance  of  this 
kind  of  combination  is  supplied  by  the  black  oxide  of  iron ;  and  it  is  proba- 
ble that  two,  if  not  three,  of  the  five  compounds  enumerated  as  oxides  of 
manganese,  have  a  similar  constitution.  Their  composition  has  been  par. 
ticularly  investigated  by  Berzelius,  Dr.  Thomson,  (First  Principlefs  i.)  M. 
Arfwe&on,*  M.  Berthier,t  and  myself.t 

Sempiioxide. — ^This  oxide  occurs  nearly  pure  in  nature,  and  as  a  hydrate 
at  is  found  abundantly,  often  in  large  prismatic  crystals,  at  Jhlcfeld,  in  the 
Hartx.  It  may  be  formed  artificially  by  exposing  peroxide  of  manganese 
for  a  considerable  time  to  a  moderate  red  heat,  and,  therefore,  is  the  chief 
residue  of  the  usual  process  for  procuring  a  supply  of  oxygen  gas ;  but  it  is 
diflScttlt  so  to  regulate  the  degree  and  duration  of  the  heat,  that  the  resulting 
oxide  shall  be  quite  pure. 

The  colour  of  the  sesquioxide  of  manganese  varies  with  the  source  from 
which  it  is  derived.  That  which  is  procured  by  means  of  heat  from  the  na- 
tive peroxide  or  hydrated  sesquioxide  has  a  brown  tint ;  but  when  prepared 


•  Letter  from  Berzelius  in  the  An.  de  Ch.  et  de  Ph.  vi.  f  Ibid.  xx. 

t  Philos.  Trans,  of  Edin.  for  1828;  or  PhiL  Mag.  and  Annals,  iv. 
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from  nitrate  of  oiide  of  muigaiiese,  it  is  nearly  as  black  aa  the  peroxide, 
and  the  native  aeeqoiozide  is  of  the  same  colour.  With  sulphuric  and  hy- 
drochloric acids,  it  gives  rise  to  the  same  phenomenon  as  the  peroxide,  but 
of  course  yields  a  smaller  proportional  quantity  of  oxygen  and  chlorine 
nses.  It  IS  more  easily  attacked  than  the  peroxide  by  cold  sulphuric  aci(d« 
With  strong  nitric  acid,  it  yields  a  soluble  protonitrate  and  the  peroxide,  wm 
observed  by  Berthier;  and  when  boiled  with  dilute  sulphuric  acid,  it  under- 
goBs  a  similar  change.  From  the  proportion  of  oxygen,  and  manganese  In 
this  oxide,  it  may  be  regarded  as  a  compound  of  43.7  parts  or  one  equiva- 
lent of  peroxide,  and  35.7  parts  or  one  equivalent  of  protoxide  of  manga- 
nese.   In  that  case  its  formula  would  be  ]ftn-{-Atn. 

Peroxide, — This  is  the  well-known  ore  commonly  called  from  its  colour 
black  oxide  of  manganese.  It  generally  occurs  massive,  of  an.  ciarthy  ap- 
pearance, and  mixed  with  other  substances,  such  as  siliceous  and  aluminous 
earths,  oxide  of  iron,  and  carbonate  of  lime  It  is  sometimes  found,  on  the 
contrary,  in  the  form  of  minute  prisms  groaped  together,  and  radiating 
from  a  common  centre.  In  these  states  it  is  anhydrous ;  but  the  essential 
ingredient  of  one  variety  of  the  earthy  mineral,  ctJled  wad,  is  hydrated  per- 
oxide of  manganese,  consisting  of  one  equivalent  of  water  and  two  of  the 
oxide.  The  peroxide  may  be  made  artificially  by  exposing  nitrate  of  oxide  of. 
manganese  to  a  commencing  red  heat,  until  the  whole  of  the  nitric  acid  is 
expelled;  but  I  have  never  succeeded  in  procuring  it  quite  pure  by  this  pro- 
cess, because  the  heat  required  to  drive  off  the  last  traces  of  acid,  likewise 
expeb  some  oxyiren  from  the  peroxide.  The  hydrated  peroxide,  containing 
one  equivalent  of  water  and  one  of  oxide,  is  formed  by  precipitating  the  pro- 
tochloride  of  manganese  by  chloride  of  lime ;  and  the  same  compound  re- 
sults frt>m  the  decomposition  of  the  acids  of  manganese  either  in  water  or 
by  dilute  acid.  For  our  knowledge  of  this  hydrate  we  are  indebted  to  fier-, 
tUer. 

Peroxide  of  manganese  undergoes  no  change  on  exposure  to  the  air.  It  is 
insoluble  in  water,  and  does  not  anite  either  with  acids  or  alkalies.  When 
boiled  with  sulphuric  acid,  it  yields  oxygen  gas,  and  a  sulphate  of  the  prot- 
oxide is  formed  (page  153.)  With  hydrochloric  acid,  chloride  of  manga^ 
nese  is  generated,  and  chlorine  is  evolved  (page  209.)  The  solution  in  both 
cases  is  of  a  deep-red  colour,  prorided  undissolved  oxide  is  present ;  but  if 
separated  from  the  undissolved  portions,  it  is  readily  rendered  colourless  by 
heat  The  colour  is  commonly  attributed  to  a  small  quantity  of  the  ses- 
quioxide  or  red  oxide  of  manganese  dissolved  by  the  fre<^  acid;  but  Mr. 
Pearsall  of  Hull  has  gone  fiir  to  prove  that  it  is  owing  to  the  presence  of 
permanganic  acid.  (R.  Inst  Journal,  N.S.  No.  iv.49.)  The  action  of  sulphu- 
ric acid  in  the  cold  is  exceedingly  tardy  and  feeble,  a  minute  quantity  of 
oxygen  gas  is  slowly  disenga^red,  and  the  aeid  acquires  an  ano^thyst-red  tint 
On  exposure  to  a  red  heat,  it  is  eonverted,  with  evolution  of  oxygen  gas, 
into  the  sesquioxide  of  manganese.  (Page  153.) 

Peroxide  of  manganese  is  employed  in  the  arts,  in  the  manufiicture  of 
fflasa,  and  in  preparing  chlorine  for  bleaching.  In  the  laboratory  it  is  used 
for  procuring  chlorine  and  oxygen  gases,  and  in  the  preparation  of  the  salts 
of  manganese. 

Protoxide. — By  this  term  is  meant  that  oxide  of  manganese  which  is  a 
strong  salifiable  base,  is  contained  in  all  the  ordinary  salts  of  this  metal,  and 
which  appears  to  be  its  lowest  degree  of  oxidation.  This  oxide  may  be 
formed,  as  was  shown  by  Berthier,  by  exposing  the  peroxide,  sesquioxide,  or 
red  oxide  of  manganese  to  the  combined  agency  of  cliarcoal  and  a  white 
heat;  and  Dr.  Forchammer,  in  the  Annals  of  Philosophy,  xviL  51^  has  de* 
scribed  an  elegant  mode  of  preparation,  by  expMiing  either  of  the  oxides  of 
manganese  contained  in  a  tube  of  glass,  porcelain,  or  iron,  to  a  current  of 
hydrogen  gas  at  an  elevated  temperature.  The  best  material  for  this  pur- 
pose is  the  red  oxide  prepared  from  nitrate  of  oxide  of  manganese ;  since  the 
native  oxides,  especially  the  peroxide,  are  fuUy  reduced  to  the  state  of  prof 
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oxide  by  h>drogen  with  difficulty.  The  reduction  eoinmenees  at  a  low  red 
heat ;  but  to  decompoM  all  the  red  oxide,  a  full  red  heat  is  required.  The 
same  compound  is  formed  by  the  action  of  hydrogen  gac  at  an  intense  white 
heat.  VVohler  and  Liebig-  have  shown  that  the  protoxide  is  also  obtained 
bj  fusing  chloride  of  manganese  in  a  platinum  crucible  with  about  twice  its 
weight  of  carbonate  of  soda,  and  afterwards  dissolving  the  chloride  of  so- 
dium by  water. 

Protoxide  of  manganese,  when  pure,  is  of  a  light  green  colour,  very  near 
the  mountain  green.  According  to  Forchammer  it  attracts  oxygen  rapidly 
from  the  air ;  but  in  my  experiments  it  was  very  permanent,  undergoing  do 
ehanpe  either  in  weight  or  appearance  durin?  the  space  of  nineteen  days. 
At  wQ°  it  is  oxidized  with  considerable  rapidity,  and  at  a  low  red  heat  is 
converted  in  an  instant  into  red  oxide.  It  sometimes  takes  fire  when  thus 
heated,  especially  when  the  mass  is  considerable.  It  unites  readily  with 
acids  without  eneryescence,  producing  the  same  salts  as  when  the  same 
acids  act  on  carbonate  of  oxide  of  manganese.  When  it  comes  in  contact 
with  concentrated  sulphuric  acid,  intense  heat  is  instantly  evolved ;  and  the 
■aroe  phenomenon  Is  produced,  though  in  a  less  dcgrec,'by  strong  hydrochlo- 
ric acid. — ^The  resulting  salt  is  the  same  as  when  these  acids  are  heated 
with  cither  of  the  other  oxides  of  manganese.  If  quite  pure,  the  protoxide 
should  readily  and  completely  dissolve  in  cold  dilute  sulphuric  acid,  and 
yield  a  colourless  solution. 

In  order  to  prepare  a  pure  salt  of  manganese  from  the  common  peroxide 
of  commerce,  either  of  the  following  processes  may  be  employed.  The 
impure  sesquioxide  left  in  the  process  for  procuring  oxygen  gas  from  the 
peroxide  by  heat,  is  mixed  with  a  sixth  of  its  weight  of  charcoal  in  powder, 
and  exposed  to  a  white  heat  for  half  an  hour  in  a  covered  crucible.  The 
protoxide  thus  formed  is  to  be  dissolved  in  hydrochloric  acid,  the  solution 
emporated  to  dryness,  and  the  residue  kept  for  a  quarter  of  an  hour  in  per- 
fect fusion;  being  protected  as  much  as  possible  from  the  air.  By  this 
means  the  clilorides  of  iron,  calcium,  and  other  metals  are  decomposed. 

The  fused  chloride  of  manganese  is  then  poured  out  on  a  clean  sandstone, 
dissolved  in  water,  and  the  solution  separated  from  insoluble  matters  by  fil- 
tration. If  free  from  iron,  it  will  give  a  white  precipitate  with  ferrocyanuret 
of  potassium,  witliout  any  appearance  of  green  or  blue,  and  a  flesh-coloured 
precipitate  with  hydrosulphate  of  ammonia.  The  protoxide  is  thrown  down 
as  a  white  carbonate  by  bicarbonate  of  potassa  or  soda ;  and  from  this  salt, 
after  being  well  washed,  all  the  other  salts  of  manganese  may  be  prepared. 
The  other  method  of  forming  a  pure  chloride  was  suggested  bv  Mr.  Fara- 
day, and  consists  in  heating  to  redness  a  mixture  of  peroxide  of*^  manganese 
with  half  its  weight  of  hydrochlorate  of  ammonia.  Owing  to  the  volatility 
of  the  sal  ammoniac  it  ii  necessary  to  apply  the  required  heat  as  rapidly  as 
possible,  and  tins  is  best  done  by  projecting  the  mixture  in  small  portions  at 
a  time  into  a  crucible  kept  red-bot«  In  this  process  the  chlorine  of  the  hy- 
drochloric acid  unites  with  the  metal  of  the  oxide  to  the  exclusion  of  every 
other  substance,  provided  an  excess  of  manganese  be  present.  The  result- 
ing chloride  is  then  dissolved  in  water,  and  the  insoluble  matters  separated 
by  filtration.   (Faraday  in  Quart  Journal,  vi.) 

In  preparing  manganese  of  great  puritv,  the  operator  should  bear  in 
mind  that  the  precipitated  carbonate  sometimes  contains  hydrochloric  acid. 
I>  niiy  likewis3  contain  traces  of  lime;  for  oxalate  of  lime,  insoluble  as  it 
i«  in  pure  water,  does  not  completely  subside  from  a  strong  solution  of  clilo- 
rid 3  of  innngonese,  and,  therefore,  a  small  quantity  of^  that  earth  may  be 
prc^nt,  although  not  indicated  by  oxalate  of  ammonia. 

Thj3  sdlto  of  manganese  are  in  general  colourless  if  quite  pure;  but  more 
frequently  tlioy  have  a  shade  of  pink,  owing  to  the  presence  of  a  little  red 
oxide  or  penn-inganio  acid.  The  protoxide  is  precipitated  from  its  solution! 
as  a  white  hydrate  by  ammonia,  or  the  pore  fixed  alkalies;  as  white  carbo- 
nate of  protoxide  of  manganese  by  alkaline  carbonates  and  bicarbonates ; 
Wid  us  white  ferroeyanuret  of  msngaoofe  by  ferrocyanui«t  of  potaariam,  a 
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character  by  which  the  absence  of  iron  may  be  demooMtrated.  Theae  white 
precipitates,  with  the  exception  of  that  obtained  by  means  of  a  bicarbonate, 
very  soon  become  brown  from  the  absorption  of  oxygen.  None  of  the  salts 
of  manganese  which  contain  a  strong  acid,  such  as  tlie  nitric,  or  sulphurio, 
are  precipitated  by  hydrosulpburic  acid.  With  an  alkaline  hydroeulphate, 
on  the  contrary,  a  flcsh-coloared  precipitate  is  formed,  which  is  a  hydratod 
protosulplmret  of  manganese :  when  heated  iu  close  Teasels,  it  yields  a  dark- 
coloured  sulphuret,  and  water  is  evolved. 

Bed  Oxide, — ^The  substance  called  red  oxide  of  manganese,  oxidum  man- 
ganoiO'tnanganicum  of  Arfwedson,  occurs  as  a  natural  production,  and  may 
be  formed  artificially  by  exposing  the  peroxide  or  sesquioxide  to  a  white 
beat  either  in  close  or  open  vessels.  It  is  also  produced  by  absorption  of 
oxvgen  from  the  atmosphere  when  the  protoxide  is  precipitated  from  its 
salts  by  pure  alkalies,  .or  when  the  anhydrous  protoxide  or  carbonate  is 
healed  to  redness.  It  is  very  permanent  in  the  air,  not  passing  to  a  higher 
state  of  oxidation  at  any  temperature.  Its  colour  when  rubbed  to  the  same 
degree  of  fineness  is  brownish-red  when  cold,  and  nearly  black  while  warm* 
Fused  with  borax  or  glass  it  communicates  a  beautiful  violet  tint,  a  charac* 
ter  by  which  manganese  may  t>e  easily  detected  before  the  blowpipe ;  and  it 
is  the  cause  of  the  rich  colour  of  the^ amethyst  It  is  acted  on  by  strong 
sulphuric  and  hydrochloric  acids,  with  the  aid  of  heat,  in  the  same  manner 
as  the  peroxide  and  sesquioxide,  but  of  course  yields  proportionally  a  smalL 
er  quantity  of  oxygen  and  chlorine  gases.  By  cold  concentrated  sulphuric 
acid  it  is  dissolved  in  small  quantity,  without  appreciable  disengagement  of 
oxygen  gas,  and  tli^  solution  is  promoted  by  a  slight  increase  of  tempera- 
ture.  'Hie  liquid  has  an  amethyst  tint,  which  disappears  when  heat  is  ap- 
plied, or  by  the  action  of  deoxidizing  substances,  such  as  protochloride  of 
tin,  or  sulphurous  and  phosphorous  acids,  sulphate  of  protoxide  of  manga- 
nese being  generated.  By  strong  nitric  acid,  or  when  boiled  with  dilute 
sulphuric  acid,  it  undergoes  the  same  kind  of  change  as  the  sesquioxide. 

It  may  be  doubted  whether  the  red  oxide  is  not  rather  a  kind  of  salt  com- 
posed  of'^two  other  oxides,  than  a  direct  compound  of  manganese  and  oxy- 
gen.     From  the  ratio  of  its  elements  it  may  consist  either  of 

Sesquioxide    .    79.4  or  one  eq.  ^  ,J  Peroxide        .    43.7  or  one  eq. 

Protoxide       .    35.7  or  one  eq.  S  (  Protoxide      .    71.4  or  two  oq. 

IIM  115.1 

It  contains  27.586  per  cent  of  oxygen,  and  loses  6.896  per  cent  when  oon- 
Terted  into  the  green  oxide. 

Varvicite, — ^I'his  compound  is  known  only  as  a  natural  production,  having 
been  first  noticed  a  few  years  ago  by  Mr.  Phillips  among  some  ores  of  man- 
ganese found  at  Hartshill,  in  Warwickshire.  The  locality  of  the  mineral 
suggested  its  name;  but  I  have  also  detected  it  as  the  constituent  of  an  ore 
of  manganese  from  Jhlefeld,  sent  me  by  Professor  Stromeycr.  Varvicite 
was  at  first  mistaken  for  peroxide  of  manganese,  to  which  in  the  colour  of 
its  powder  it  boars  considerable  resemblance ;  but  it  is  readily  distinguished 
fi'om  that  ore  by  its  stronger  lustre,  greater  hardness,  more  lamellated  tex- 
ture, which  is  very  similar  to  that  of  manganite,  and  by  yielding  water 
freely  when  heated  to  redness.  Its  sp.  gravity  is  4.53J .  It  has  not  been 
found  regularly  crystallized ;  but  my  specimen  from  Jhleffald  is  in  puudo» 
crytiaUy  possessing  the  form  of  the  six-sided  pyramid  of  calcareous  spar. 
When  strongly  heated  it  is  converted  into  red  oxide,  losing  5.725  per  cent 
of  water,  and  7.385  of  oxygen.  It  is  probably,  like  the  reid  oxide,  a  com* 
pound  of^  two  other  oxides;  and  the -proportions  just  stated  justify  the  sup- 
position tJiat  it  consists  of  two  equivalents  of  peroxide  and  one  of  sesqui. 
oxide  of  manganese,  united  in  the  mineral  with  an  equivalent  of  water. 
(Phil.  Mag.  and  Annals,  v.  209,  vi.  281,  and  vii.  284.) 

It  has  been  inferred  from  some  experiments  of  Berzelius  and  John,  t*"* 
there  are  two  other  oxides  of  manganese,  which  conlain  less  oxyger 
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the  green  or  protoxide.  We  have  no  proof^  howerer,  of  the  eiigtonwi  of 
■nch  compounds. 

Manganic  Acid. — ^Mmngineee  is  one  of  those  metals  which  ii  capable  of 
&rmin(|r  sn  acid  with  oxygen,  Manganate  of  potassa  is  generated  when 
hydrate  or  carbonate  of  potassa  is  heated  to  redness  with  peroxide  of  man- 
ganese; and  nitre  may  be  used  successfully,  provided  the  heat  be  high 
enough  to  decompose  the  nitrate  of  potassa.  The  materials  absorb  oxygen 
from  the  air  when  fused  in  open  vessels;  but  manganate  of  potassa  is  equal- 
ly well  formed  in  close  vessels,  one  portion  of  oxide  of  manganese  then 
supplying  oxygen  to  another.  The  product  has  been  long  known  under  the 
name  of  mtnioral  ckameUan,  from  the  property  of  its  solution  to  pass  rapidly 
through  several  shades  of  colour:  on  the  first  addition  of  cold  water,  a 
green  solution  is  formed  which  soon  becomes  blue|,  purple,  and  red;  and 
ultimately  a  brown  flooculent  matter,  hydrated  peroxide  of  manganese,  sub- 
sides, and  the  liquid  becomes  colourless.  These  changes,  which  are  more 
rapid  by  dilution  and  with  hot  water,  have  been  successively  elucidated 
by  Chevillot  and  Edwards,  Forchammer,  and  Mitscherlich.  (An.  de  Ch.  et 
de  Ph.  viii ,  and  xlix.  113,  and  An.  of  Phil,  xvi.) 

The  phenomena  above  mentioned  are  owing  to  the  formation  of  manga- 
nate of  potassa  of  a  green  colour,  and  to  its  ready  teonversion  into  the  red 
permanganate  of  potassa,  the  blue  and  purple  tints  being  doe  to  a  mixture  of 
these  compounds.  Manganic  acid  i(seif  cannot  be  obtsined  in  an  uneom- 
bined  state,  because  it  is  then  resolved  into  the  hydrated  peroxide  and  oxy- 

Sn,  a  property  which  Mitscherlich  availedhimself  of  in  analyzing  this  acid  ; 
t  Mitscherlich  has  proved  that  it  is  anal<<gous  in  composition  to  sulphuric 
acid,  and  its  salts  isomorphous  with  the  sidphates.  Manganate  of  potassa 
is  obtained  in  crystals  by  forming  a  concentrated  soluticm  of  mineral  charoe- 
leon  in  cold  water,  very  pure  and  free  from  carbonic  acid,  allowing  it  to 
subside  in  a  stoppered  bottle,  and  evaporating  the  clear  green  solution  in 
▼actto  with  the  aid  of  sulphuric  acid.  All  contact  of  paper  and  other  orsranic 
matter  must  be  carefully  avoided,  since  they  deoxidize  the  acid,  and  the 
process  be  conducted  in  a  cool  apartment.  The  crystals  are  anhydrous, 
and  permanent  in  the  dry  state ;  but  in  solution  the  carbonic  acid  of  the 
air  suffices  to  decompose  the  acid,  or  even  simple  dilution  with  cold  water. 
Mixed  with  a  solution  of  potassa,  the  manganate  may  be  crystallized  a 
second  time  in  vacuo  without  change. 

Permanganic  Acid, — ^This  acid  is  more  stable  than  the  manganic,  though 
itself  very  prone  to  decomposition.  Contact  with  paper  or  linen  as  in  filter- 
ing, particles  of  cork,  organic  particles  floating  in  the  atmosphere  decompose 
it  rapidly ;  colouring  matters  are  bleached  by  it ;  and  in  pure  water  its  de- 
composition begins  at  66°,  and  is  complete  at  212^.  On  these  occasions 
oxygren  gas  is  abstracted  or  given  out,  and  hydrated  peroxide  of  manganese 
subsides.  The  acid  has  a  rich  red  colour,  and  is  obtained  by  adding  to  a 
Bohition  of  permanganate  of  baryta,  a  quantity  of  dilute  sulphuric  acid  ex- 
actly sufficient  for  precipitating  the  baryta. 

The  salts  of  permanganic  acid  are  more  permanent  than  the  free  acid  $ 
so  that  most  of  them  may  be  boiled  in  solution,  especially  if  concentrated. 
Permanganate  of  potassa  is  obtained  by  heating  a  green  solution  of  mineral 
chameleon  however  prepared ;  but  a  very  Rood  process  has  been  indicated 
by  Wohlcr.  (Pog.  Annalen,  xxviL  636.)  It  consists  in  fusing  chlorate  of 
potassa  in  a  platinum  crucible,  introducing  a  few  fragments  of  hydrate  of 
potassa,  and  then  adding  peroxide  of  manganese  in  fine  powder.  Manga- 
nate of  potassa  is  instantly  formed ;  and  after  decomposing  any  excess  of 
chlorate  of  potassa  by  a  red  heat,  the  soluble  parts  are  taken  up  in  pure 
water,  the  manganate  converted  by  boiling  into  permanganate  of  potassa, 
aiid  the  hot  solution,  decanted  from  the  insoluble  oxide  of  manganese,  is  set 
aside  to  crystallize.  As  the  permanganate  is  much  less  soluble  than  the 
chloride  of  potassium  in  cold  water,  the  former  separates  in  <^que  prisma- 
tic crystals,  and  the  latter  is  left  in  solution.    These  crystals  have  so  intense 

colour  that  they  appear  black,  and  have  a  lustre  like  bronze ;  bat  their 
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powder  has  a  purple-red  tint  Tbcy  are  permanent  at  common  tempera- 
tures; but  when  heated  give  out  oxygen  gas,  and  are  reconverted  into 
manganate  of  potassa.  They  deflagrate  like  nitre  with  burning  charcoal, 
and  detonate  powerfallj  with  phosphorus.  Their  colour  in  scdution  is  a 
rich  purple,  and  a  small  quantity  of  the  salt  imparts  this  colour  to  a  verr 
large  quantity  of  water.  When  mixed  witli  dilute  nitric  acid  and  boiled, 
oxygen  gas  is  evolved,  and  hydrated  peroxide  of  manganese  subsides,  from 
the  respective  quantities  of  which  Mitscherlich  ascertained  the  composition 
of  the  acid.  In  addition  to  the  remarkable  analogy  which  its  constitutioa 
bears  to  perchloric  acid,  Mitscherlich  finds  that  permanganate  and  per- 
chlorate  of  potaasa  are  isomorphous,  an  observation  confirmed  by  Mr. 
Miller. 

Prtdoehloride  of  Manganete, — ^This  compound  is  best  prepared  by  evapo- 
rating a  solution  of  the  chloride  to  dryness  by  a  gentle  heat,  and  heating  the 
residue  to  redness  in  a  glass  tube,  while  a  current  of  hydrochloric  acid  gas 
is  transmitted  through  it  The  heat  of  a  spirit-lamp  is  sufficient  for  the 
purpose.  It  fuses  readily  at  a  red  heat,  and  forms  a  pink-coloured  lameU 
lated  mass  on  cooling.  It  is  deliquescent,  and  of  course  very  soluble  in 
water. 

Perehloride  of  Hanganeoe. — ^Dnmas  discovered  this  compound,  which  is 
readily  formed  by  putting  a  solution  of  permanganic  into  strong  sulphuric 
acid,  and  then  adding  fused  sespsalt  The  hydrochloric  and  permanganio 
acids  mutually  decompose  each  other ;  water  and  perehloride  of  manganese 
are  generated,  and  the  latter  escapes  in  the  form  of  vapour.  The  best  mode 
of  preparation  is  to  form  the  green  mineral  chameleon,  and  acidulate  with 
sulphuric  acid :  the  solution,  when  evaporated,  leaves  a  residue  of  sulphate 
and  permanganate  of  potassa.  This  mixture,  treated  bv  strong  sulphurio 
acid,  yields  a  solution  of  permanganic  acid,  into  whlcn  are  added  small 
fragments  <^  sea-salt,  as  long  as  coloured  vapour  continues  to  be  evolved* 
(E!ain.  Joum.  of  Science,  viii.  179.) 

The  perehloride,  when  first  formed,  appears  as  a  vapour  of  a  copper  or 
greenish  colour ;  but  on  traversing  a  glass  tube  cooled  to  5^  or  —4°,  it  is 
condensed  into  a  greenish-brown  coloured  liquid.  When  generated  in  a 
capacious  tube,  its  vapour  gradually  displaces  the  air,  and  soon  fills  the  tube. 
If  it  is  then  poured  into  a  large  flask,  the  sides  of  which  are  moist,  the  colour 
of  the  vapour  changes  instantly  on  coming  into  contact  with  the  moisture,  a 
dense  smoke  of  a  pretty  rose-tint  appears,  and  hydrochloric  and  permanga- 
nic acids  are  g^erated.  It  is  hence  analogous  in  composition  to  perman- 
ganic acid,  its  elements  being  in  such  a  ratio  that 

1  eq.  perehloride  and  7  «q.  water  S  1  «q.  permang.  acid  and  7  eq.  hjrdroctilnrtc  acid- 
2Mn+7a  7CH-f  O)  «  2Mii+70  7(H+a). 

Per/luoride  of  Manganese, — ^This  gaseous  compound,  discovered  by  Diu 
mas  and  Wohler  (Edin.  Joum.  of  ^ence,  ix.),  is  best  formed  by  mixing 
common  mineral  chameleon  with  half  its  weirbt  of  fluor  spar,  and  decom- 
posing the  mixture  in  a  platinum  vessel  by  fuming  sulphuric  acid.  The 
fluoride  is  then  disengaged  in  the  form  of  a  greenish-yellow  gas  or  vapour, 
of  a  more  intensely  yeOow  tint  than  chlorine.  When  mixed  with  atmo- 
spheric air,  it  instantly  acquires  a  beautiful  purple-red  colour;  and  it  is  fi-eely 
absorbed  by  water,  yielding  a  solution  of  the  same  red  tint  It  acts  instantly 
on  glass,  with  formation  of  fluosilicic  acid  gas,  a  brown  matter  being  at  tfaie 
same  time  deposited,  which  becomes  of  a  deep  purple-red  tint  on  the  addi- 
tion of  water. 

It  may  be  inferred  fhmi  the  experiments  of  Wohler  that  this  yellow  gas  is 
a  fluoride  of  manganese ;  that  when  mixed  with  water  both  compounds  are 
decomposed,  and  hydrofluoric  and  permanganic  acids  generated,  which  are 
dissolved;  that  a  similar  formation  of  the  two  acids  ensues  from  the  admix- 
tore  of  the  yellow  gas  with  atmospheric  air,  owing  to  the  moisture  contained 
in  the  latter ;  and  that  by  contact  with  glass,  fluosilicic  acid  gas  is  produced, 
and  anbydroas  permanganic  add  depoaited.    In  oooseqoenoe  of  its  acting 
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flo  powerfaUj  oo  glass,  its  other  properties  have  not  been  isoertained;  but 
from  those  abo?e  mentioned,  its  composition  is  obvionslj  similar  to  that  of 
the  gaseous  chloride  of  manganese. 

ProiMulfkurtt  of  MsmgtmeH  maj  be  procured  by  igniting  the  sulphate 
with  one-Bizth  of  its  weight  of  charcoal  in  powder.  (Berthier.)  It  is  also 
formed  by  the  action  of  hydrosulphuric  acid  ^na  on  the  protosulphate  at  a 
red  heat  (Arfwedson  in  Ann.  of  Phil.  vol.  vii.  N.  S.)  It  occurs  native  in 
Cornwall,  and  at  Naygajg  in  Transylvania.  It  dissolves  completely  in  dilute 
sulphuric  or  hydrocUoric  acid,  witL  disengagement  of  very  pure  hydrosuU 
phono  acid  gas. 


SECTION   XII. 

IRON. 

Iftoii  has  been  known  from  the  remotest  antiquity.  It  has  a  peculiar  gray 
colour,  and  strong  metallic  lustre,  which  is  susceptible  of  being  heightened 
by  poJiihing.  In  ductility  and  malleability  it  is  mferior  to  several  metals, 
ceeds  them  all  in  tenacity.  (Pase  2S2.)  At  common  temperatures  it 
^  hard  and  unyielding,  and  its  hardness  may  be  increased  bv  being 


bint  exceeds  them  all  in  tenacity.  (Page  2&.)  At  common  temperatures  it 
is  very  hard  and  unyielding,  and  its  hardness  may  be  increased  bv  being 
lieated  and  then  suddenl)r  cooled ;  but  it  is  at  the  same  time  rendered  brittle. 
When  heated  to  redness  it  is  remarkably  soft  and  pliable,  so  that  it  may  be 
beaten  into  any  form,  or  be  intimately  moorporated  or  welded  with  another 
piece  of  red-hot  iron  by  hammering.  Its  texture  is  fibrous.  Its  specific 
gravity  may  be  estimated  at  7.7 ;  but  it  varies  slightly  according  to  the  de- 

nwith  which  it  has  been  rolled,  hammered,  or  drawn,  and  it  is  increased 
iision.  In  its  pure  state  it  is  exceedingly  infusible,  requiring  for  fusion 
the  highest  temperature  of  a  wind  furnace.  It  is  attracted  by  the  magnet, 
and  may  itself  be  rendered  permanently  magnetic  by  several  processes  ^— « 
property  of  great  interest  and  importance,  and  which  is  possessed  by  no 
other  metal  exceptinir  cobalt  and  nickel 

The  occurrence  of  native  iron,  except  that  of  meteoric  origin,  which  al- 
ways contains  nickel  and  cobalt,  is  exceedingly  rare ;  and  few  of  the  speci- 
mens said  to  be  such  have  been  well  attested.  In  combination,  however, 
especially  with  oxygen  and  sulphur,  it  is  abundant ;  being  contained  in  ani* 
mals  and  plants,  and  being  diffused  so  universally  in  the  earth,  that  there 
are  fisw  mineral  substances  in  which  its  presence  may  not  be  detected. 
Minerals  which  contain  iron  in  such  form,  and  in  such  quantity,  as  to  be 
employed  in  the  }»eparation  of  the  metal,  are  called  ores  tf  iron  ;  and  of 
these  the  principal  are  the  following.  The  red  oxides  or  iron,  included 
under  the  name  of  red  hematite ;  the  brown  hematite  of  mineralogists,  con- 
sisting of  hydrated  peroxide  of  iron ;  the  Uack  oxide,  or  magnetic  iron  ore ; 
and  carbonate  of  protoxide  of  iron,  either  pure,  or  in  the  form  of  clay  iron 
ore,  when  it  is  mixed  with  siliceous,  aluminous,  and  other  foreign  sub- 
stances.  The  three  former  occur  most  abundantly  in  primary  districts,  and 
supply  the  finest  kinds  of  iron,  as  those  of  Sweden  and  India;  while  day- 
iron  stone,  from  which  most  of  the  English  iron  is  extracted,  occurs  in  se- 
oondary  depositee,  and  chiefly  in  the  coal  fiirmation. 
^  The  extraction  of  iron  from  its  ores  is  effected  by  exposing  the  ore,  pre% 
vioosly  roasted  and  reduced  to  a  coarse  powder,  to  the  acti|Mi  of  charcoal  or 
coke,  and  lime  at  a  high  temperature.  The  action  of  carbonaceous  matter  in 
depriving  the  ore  of  its  oxygen  is  obvious ;  and  the  lime  plays  a  part  equally 
important  It  acts  as  a  flux  by  combining  with  all  the  impurities  of  the  ore, 
and  forming  a  fusible  compound  called  a  olmg.  The  whole  mass  being  thus 
in  a  fused  sUte,  the  particles  of  itiiduced  metal  descend  by  reason  of  their 
greater  density,  and  collect  at  the  bottom;  while  the  slag  fixnns  a  stratum 
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above,  protactiiijr  tlie  melted  metal  from  the  aetion  of  the  air.  The  latter, 
•a  it  coUecta,  runs  out  at  an  apertare  in  the  aide  of  the  furnace ;  and  the 
filled  iron  b  let  off  by  a  hole  in  the  bottom,  which  waa  prerioualy  filled  with 
■and.  The  prooeee  ia  never  aucoeeBfal  unleaa  the  flax,  together  with  the  im- 
poritiee  of  Uie  ore,  are  in  auch  'proportion  aa  to  constitute  a  fbaible  com- 
pound. The  mode  of  aeoomplishing  thia  object  ia  learned  only  by  expe* 
rienoe ;  and  ae  different  ores  commonly  differ  in  the  nature  or  quantity  of 
their  imporitiea,  the  workman  b  obliged  to  vary  his  flux  according  to  the 
compoaition  of  the  ore  with  which  be  operatea.  Thus  if  the  ore  is  deficient 
in  eiliceoua  matter,  aand  moat  be  added ;  and  if  it  contain  a  large  quantity 
of  lime,  proportionally  leaa  of  that  earth  will  be  required.  Much  ia  often  ao- 
compliiiied  by  the  admixture  of  different  orea  with  each  other.  The  alag 
oonaiats  of  a  compound  of  earthy  aalts,  similar  to  aome  siliceooa  minerals,  in 
which  silicic  acid  is  combined  with  lime,  alamina,  magnesia,  protoxide  of 
manganeae,  and  sometimes  oxide  of  iron.  The  most  usual  combination,  ac- 
cording to  Mitscberlich,  is  bisilicate  of  lime  and  magnesia,  sometimes  with 
a  little  protoxide  of  iron ;  a  compound  which  he  haa  obtained  in  ciystals, 
having  the  precise  form  and  composition  of  pjrroxen.  Artificial  minerals 
may  in  ftct  by  such  proeesses  be  procured,  similar  in  form  and  comi>osition 
to  those  which  occur  in  the  earth.  We  are  indebted  to  Mitacherlidi  for 
some  Taloable  facts  on  this  subject  (An.  de  Ch.  et  de  Ph.  xxiv.  355.) 

The  iron  obtained  by  this  process  is  the  cast  iron  of  commerce,  and  con- 
taina  a  considerable  quantity  of  carbon,  unreduced  ore,  and  earthy  sub- 
stances.   It  is  couTerted  into  soft  or  malleable  iron  by  exposure  to  a  strong 
heat  while  a  current  of  air  plays  upon  its  sur&ce.    fiy  this  meana  any  un- 
decomposed  ore  ia  reduced,  earthy  impurities  rise  to  the  sur&ce  as  slag, 
and  carbonaoeoua  matter  is  burned.    The  exposed  iron  is  also  more  or  less 
oxidized  at  iU  surface,  and  the  resulting  oxide,  being  stirred  with  the  fused 
metal  below,  facilitates  the  oxidation  of  the  carbon.    As  the  purity  of  the 
iron  increase^  ita  fusibility  diminishes,  until  at  length,  though  the  tempera- 
ture continue  the  same,  the  iron  becomes  solid.    It  is  then  subjected,  while 
■till  hot,  to  the  operation  of  rolling  or  hammering,  by  which  ita  partides  are 
approximated,  and  its  tenacity  greatly  iocreaaed.    It  b  then  tne  malleable 
iron  of  commerce.  It  b  not,  however,  absolutely  pure ;  for  Berzelius  has  de- 
tected in  it  about  one-half  per  cent  of  carbon,  and  it  likewise  contains  traces 
of  nlicium.    The  carbonaceous  matter  may  be  removed  by  mixing  iron 
filings  with  a  quarter  of  its  weight  of  black  oxide  of  iron,  and  fusing  the 
mixture,  confined  in  a  coTcred  Hessian  crucible,  by  meana  of  a  blast  fur- 
nace.  A  little  powdered  green  glass  should  be  laid  on  the  mixture,  in  order 
that  the  iron  may  be  completely  protected  from  the  air  by  a  covering  of 
melted  glaas,  and  any  unreduced  oxide  dissolved.    But  the  best  and  reameat 
mode  of  procuring  iron  in  a  state  of  perfect  purity,  b  by  transmitting  hy- 
drogen gas  over  the  pure  oxide  heated  to  redneaa  in  a  tube  of  porcelain. 
The  oxygen  of  the  oxide  unitea  with  hydrogen,  and  the  metal  is  left  in  the 
form  of  a  poroua  apongy  mass.    Magnus  naa  observed  that  the  reduction 
takea  place  at  a  heat  considerably  below  that  of  redness;  and  that  when  the 
iron,  thua  reduced,  b  expoeed  to  the  air,  it  takea  fire  apontaneously,  and  the 
oxide  b  inatantly  reproduced.    Thia  singular  property,  which  Magnus  haa 
also  remarked  in  nickel  and  cobalt  prepared  in  a  similar  manner,  appeara  to 
depend  on  the  extremely  divided  and  expanded  atate  of  the  metallic  masa; 
for  when  the  reduction  ia  effected  at  a  red  heat,  which  enablea  the  metal  to 
acquire  its  natural  degree  of  compactness,  the  phenomenon  is  not  observed. 
If  the  oxide  be  mixed  with  a  little  alumina,  and  then  reduced  at  a  red  heat, 
the  presence  of  the  earth  prevents  that  contraction  which  would  otherwise 
ensue  :  the  metal  is  in  the  same  mechanical  condition  aa  when  it  ia  deoxi- 
dised at  a  low  temperature,  and  its  spontaneoua  combustibility  b  preserved 
But  iron,  in  its  m^inary  state,  has  a  strong  affinity  for  oxygen.    In  a  per- 
fectly dry  atmosphere  it  undergoes  no  change ;  but  when  mobture  b  like- 
wise preaent,  its  oxidation,  or  ruBiing,  is  rapid.    In  the  first  part  of  the 
change  carbonate  of  protoxide  of  iron  b  generated ;  but  tho  protoxide  gra- 


336 


i«oir. 


dually  pesiet  into  hydreted  peroxide,  and  the  earbonie  acid  at  the  same  time 
li  evolred.  Rust  of  iron  alwayi  contains  ammonia^  a  circumstance  which 
indicates  that  tlie  oxidation  is  probably  accompnnied  by  decomposition  of 
water ;  and  M.  Chevalier  has  observed  that  ammonia  is  also  present  in  the 
native  oxides  of  iron.  Heated  to  redness  in  the  open  air,  iron  absorbs  oxy- 
gen rapidly,  and  is  converted  into  Mack  scales,  called  the  black  oxide  of  iron ; 
and  in  an  atmosphere  of  oxygen  gas  it  burns  with  vivid  scintillations.  It 
decomposes  the  vapour  of  water,  by  uniting  with  its  oxygen,  at  all  tempera- 
tures, from  a  dull  red  to  a  white  heat ;  a  singular  fact,  when  it  is  considered, 
that,  at  the  very  same  temperatures,  the  oxides  of  iron  are  reduced  to  the  me- 
tallic state  by  hydrogen  gas.  (Gay-Lussac  in  An.  deCh.  et  de  Physique,  i.  36.) 
These  opposite  effects,  various  instances  of  wtiich  are  known  to  chemists, 
are  accounted  for  by  a  mode  of  reasoning  similar  to  that  explained  on  a  for- 
mer occasion.  (Page  131.) 

The  equivalent  of  iron  has  not  yet  been  determined  with  sccuracy.  From 
the  analysis  of  ita  oxides  by  Berzeliiis,  Stromeycr,  and  Gav-Lussac,  it  may 
be  estimated  at  27.16,  27.8,  and  28.3.  In  the  uncertainty  as  to  which  of 
these  numbers  is  the  most  accurate,  I  shall  continue  to  use  28,  the  number 
generally  adopted  in  this  country.  The  composition  of  the  compounds  of 
iroD  described  iti  tliis  section  is  as  follows : — 
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28  1  cq.+Oxy.  8  1  eq. 

56  2  eq.+do.  24  3  eq. 

I  Protoxide     ...  36  1  eq. 

» Peroxide      ...  80  1 


eq.} 
eq.J 

I   28  1  eq.+Chlor.    35.42  1  eq. 

I   56  2  eq.+do.       106.26  3  eq. 

I   28  1  eq+Iodine  126.3    1  eq. 

56  2  eq.+da       378.9    3  eq. 

I    28  1eq.+Brom.    78.4    1  eq. 

56  2  eq.+da      235.2    3  eq. 

28  1  eq.-f  Fluor.  18.68  1  eq. 

56  2  eq.+da  56.04  3  eq. 
.  112  4  eq.+Sulph.  16.1  1  eq. 
I  56  2eq.+do.  16.1  1  eq. 
I  28  leq.4-do.  16.1  1  eq. 
>   56  2  eq.-f  do.       48.3    3  eq. 

;    28  1  eq.+do.       32i2    2  eq. 

I  Bisalpb.  of  iron     60.2    1  eq. 
^  Protosulph.  of 


Eqniv.  Formulc 

=  36         Fe+Oorfe. 

«=  80  2Fe+30orJ^. 

=116  fe-fte. 

=  63.42    Fe+ClorFeCL 

=162.26  2Fe+3aorFe'a3. 

=154.3      Fe+I  or  Fel. 
=434.9    2Fe+3IorFeSl3. 
=  106.4      Fe+Br  or  FeBr. 

=2315    2Fe+3BrorFe«Br3. 

=  46.68    Fe+F  or  FeF. 

=112.04  2Fe+3F  or  Fc»F3. 

1=128,1    4Fe4-SorFe*S. 

=:  72.1    2Fc+S  or  Fc  S. 

s=  44.1      Fe+SorFeS. 

=  104.3    2Fe+3SorFe«S3. 

=  60.2      Fe+26orFeSS. 
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56  2  eq.+PhospL  15.7     1  eq. 

84  3  eq.+da       62.8    4  eq. 
Constitution  not  determined. 


eq.> 


280.7     5FeS+FeS«. 

=  71.7    2Fe+PorFe«P. 
=  146.8    3F€4-4PorFe3P*. 
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Iron.  EqniT.      Forronle. 

^'^^*-  i  28  1  eq.+Cyan,  26.39  1  eq«54^9  Fe+Cy  or  FeCy. 

ph^yaVu.  I  28  1  cq. )  ^^"JJ;^^  5  58.59  1  eq.= 86.59  Fe+CyS«. 
phSy^u.  I  56  2  cq.  >  ^^^^^^^^  1 175.77  3  eq.=231.77  2Fe+3CyS«. 

OXIDES  OF  IRON. 

Protoxide^ — ^This  oxide  is  the  base  of  the  native  carbonate  of  iron,  and  of 
the  green  vitriol  of  commerce.  Its  ezist^ce  was  inferred  some  years  ago 
by  Gay-Luasac ;  (An.  de  Ch.  vol  Ixzz.)  but  it  is  doubtful  if  it  has  ever  been 
obtained  in  an  insulated  form.  Its  salts,  particularly  when  in  solution,  ab- 
sorb oxygen  from  the  atmosphere  with  such  rapidity  that  they  may  even  be 
employed  in  eudiometry.  This  protoxide  is  always  formed  with  evolution  of 
hydrogen  gas  when  metallic  iron  is  put  into  dilute  sulphuric  acid ;  and  its 
composition  may  be  determined  by  collecting  and  measuring  the  gas  which 

Protoxide  of  iron  is  precipitated  from  its  salts  as  a  white  hydrate  by  pure 
alkalies,  as  a  white  carbonate  by  alkaline  carbonates,  and  as  a  white  ferro- 
cyanuret  by  ferrocyanuret  of  potassium.  The  two  former  precipitates  be- 
come  first  green  and  then  red,  and  the  latter,  green  and  blue  by  exposure  to 
the  air.  The  solution  of  gall-nuts  produces  no  change  of  colour.  Hydro- 
sulphuric  acid  does  not  act  if  the  protoxide  is  united  with  any  of  the  stronsfer 
acids ;  but  alkaline  hydrosulphates  cause  a  black  precipitate,  protosulphu- 
ret  of  iron. 

Peroxide. — The  red  or  peroxide  is  a  natural  product,  known  to  mineralo- 
gists under  the  name  of  red  Jutmalite.  It  sometimes  occurs  massive,  at  other 
times  fibrous,  and  occasionally  in  the  form  of  beautiful  rhomboidal  crystals. 
It  may  be  made  chemically  by  dissolving  iron  in  nitro-hydrochloric  acid, 
and  adding  an  alkali.  The  hydrate  of  the  red  oxide  of  a  brownish-red  co- 
lour subsides,  which  is  identical  in  composition  with  the  mineral  called 
brown  hasmatitey  and  consists  of  80  parts  or  one  equivalent  of  the  peroxide, 
and  ]8  parts  or  two  equivalents  of  water. 

Peroxide  of  iron  is  not  attracted  by  the  magnet.  Fused  with  vitreous 
substances,  it  communicates  to  them  a  red  or  yellow  colour.  It  combines 
with  most  of  the  acids,  forming  salts,  the  greater  number  of  which  are  red. 
Its  presence  may  be  detected  by  very  decisive  tests.  The  pure  alkalies, 
fixed  or  voUtile,  precipitate  it  as  the  hydrate.  Alkaline  carbonates  have  a 
similar  effect,  peroxide  of  iron  not  forming  a  permanent  salt  with  carbonic 
acid.  With  ferrocyanuret  of  potassium  it  forms  Prussian  blue.  Sulphocya- 
nuret  of  potassium  causes  a  deep  blood-red,  and  infusion  of  gall-nuts,  a  black 
colour.  H^drosulphuric  acid  converts  the  peroxide  into  protoxide  of  iron, 
with  deposition  of  sulphur.  These  reagents,  and  especially  ferrocyanuret 
and  sulphocyanoret  of  potassium,  afford  an  unerring  test  of  the  presence  of 
minute  quantities  of  peroxide  of  iron.  On  this  account  it  is  customary,  in 
testing  for  iron,  to  convert  it  into  the  peroxide,  an  object  which  is  easily  ac- 
complished by  boiling  the  solution  with  a  smell  quantity  of  nitric  acid. 

Black  Oxide. — ^This  substance,  the  oxidum  ferroso-ferrieum  of  Berzelius, 
long  supposed  to  be  protoxide  of  iron,  contains  more  oxygen  than  the  pro- 
toxide, and  less  thaft  the  red  oxide.  It  cannot  be  regarded  as  a  definite 
compound  of  iron  and  oxygen ;  but  it  is  composed  of  the  two  real  oxides 
united  in  a  proportion  which  is  by  no  meaiis  constanL  It  occurs  native, 
frequently  crystallized  in  the  form  of  a  regular  octohedron ;  and  it  is  not  only 
attracted  by  the  maffnet,  but  is  itself  sometimes  magnetic  It  is  always 
formed  when  iron  is  heated  to  redness  in  the  open  air ;  and  is  likewise  gene- 
rated by  the  contact  of  watery  vapour  with  iron  at  elevated  temperatures. 
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The  oompouUon  of  the  product,  however,  varies  with  the  damtion  of  the 
process  and  the  temperature  which  is  emplojed.  Thus,  according  to  Buch^ 
nolz,  fienetias,  and  Thomson,  100  parts  of  iron,  when  oiidized  by  steam, 
unite  with  nearly  30  of  oxygen ;  whereas  in  a  similar  experiment  performed 
by  Gay-Lussac,  37.8  parts  of  oxygen  were  absorbed.  The  oxide  of  Gay- 
Lussac  has  the  composition  stated  in  the  table;  and  Berzelius  thinks  that  of 
magnetic  iron  ore  to  be  similar.  M.  Mosander  states,  that  on  heating  a  bar 
of  iron  in  the  open  air,  the  outer  layer  of  the  scales  contains  a  greater  quan- 
tity of  peroxide  than  the  inner  layer.  The  former  consists  of  one  equivalent 
of  peroxide  to  fouc  of  the  protoxide,  and  in  the  latter  are  contained  one  equi- 
valent of  peroxide  to  six  equivalents  of  protoxide.  The  inner  layer  seems 
uniform  in  composition ;  but  the  outer  is  variable,  its  more  exposed  parts 
being  richer  in  oxvgen. 

The  nature  of  the  black  oxide  is  farther  elucidated  by  the  action  of  acids. 
On  digesting  the  black  oxide  in  sulphuric  acid,  an  olive-coloured  solution  is 
formed,  containing  two  salts,  sulphate  of  the  peroxide  and  protoxide,  which 
may  be  separated  from  each  other  by  means  of  alcohol  (Proust  and  Gay- 
Lussac)  The  solution  of  these  mixed  salts  gives  green  precipitates  with 
alkalies,  and  a  very  deep  blue  ink  with  infusion  of^gall-nntk  The  black 
oxide  of  iron  is  tlie  cause  of  the  dull  green  colour  of  bottle  glass. 

Protoehloride  of  Iron, — This  compound  is  formed  by  transmitting  dry 
hydrochloric  acid  gas  over  iron  at  a  red  heat,  when  hydrogen  gas  is  evolved 
and  the  surface  of  the  iron  is  covered  with  a  white  crystalline  protoehloride 
which  at  a  stronger  heat  is  sublimed.  Also,  on  acting  with  hydrochloric 
acid  on  iron,  which  is  dissolved  with  evolution  of  hydrogen  gas,  evaporating 
to  dryness,  and  heating  to  redness  in  a  tube  without  exposure  to  the  air,  a 
gray  crystalline  protoehloride  is  lefl ;  but  it  contains  some  protoxide  formed 
bv  an  interchange  of  elements  between  the  last  portions  of  water  and  the 
chloride,  hydrochloric  acid  being  also  generated. 

Protoehloride  of  iron  dissolves  freely  in  water,  yielding  a  pale  green  solu- 
tion, from  which  rhomboidal  prisms  of  the  same  colour  are  obtained  faj 
evaporation.  The  crystals  contain  several  equivalents  of  water  of  crystaUi- 
zation,  deliquesce  by  exposure  to  the  air,  owing  to  the  formation  of  perchlo- 
ride,  and  are  soluble  in  alcohol  as  well  as  water.  The  aqueous  solution  ab- 
sorbs oxygen  from  the  air,  and  becomes  yellow  from  the  formaticm  of  perchlo- 
ride  of  iron:  one  portion  of  iron  takes  oxygen  from  the  air,  and  yields  its 
chlorine  to  another  portion  of  iron,  whereby  perchloride  and  peroxide  of  iron 
are  generated,  and  the  latter  falls  as  an  ochreous  sediment  combined  with 
some  of  the  perchloride.  A  solution  of  the  protoehloride  of  iron  dissolves 
binoxide  of  nitrogen  with  the  same  phenomena  as  the  protosulphate  (page 
178),  a  circumstance  favourable  to  the  view  entertained  by  many  tluil 
protoehloride  of  iron  is  converted  by  water  into  hydrochbrate  of  the  pro- 
toxide. 

PerckUride  of  hen, — ^It  is  formed  by  the  combustion  of  iron  wire  in  dry 
chlorine  f^  and  by  transmitting  that  gas  over  iroh  moderately  heated ;  when 
it  is  obtamed  in  small  iridescent  plates  of  a  red  colour,  which  are  volatile 
at  a  heat  a  little  above  212°,  deliquesce  readily,  and  dissolve  in  water,  alcohol, 
and  ether.  On  agitating  ether  with  a  strong  aqueous  solution  of  the  per- 
chloride,  the  ether  abstracts  a  part  of  it,  and  acquires  a  gold-yellow  colour. 
The  readiest  mode  of  obtaining  a  solution  of  the  perchloride  is  to  dissolve 
peroxide  of  iron  in  hydrochloric  acid.  On  concentrating  to  the  consistence 
of  syrup  and  cooling,  it  separates  as  red  crystals,  which  by  distillation  yield 
at  first  water  and  hvdrochloric  acid,  and  then  anhydrous  percliloride  of  iron, 
leaving  a  compound  of  peroxide  and  perchloride  of  iron  in  crystallme  lamine. 
The  formation  of  peroxide  appears  due  to  an  interchange  of  elements  be- 
tween it  and  water.  The  same  kind  of  interchange  ensues  between  the 
vapours  of  water  and  the  perchloride  at  a  high  temperature ;  and  this  is  pro- 
bably the  source,  as  Mitacherlich  suggests,  of  the  crystals  of  peroxide  of 
iron  found  in  volcanie  products. 

Proticdide  of  ihm.— It  existe  as  a  pale  green  sohition  when  iodine  is  di- 


gested  with  water  and  iron  wire,  the  latter  beings  in  excen ;  and  on  OTapo^ 
rating  the  solution,  without  exposure  to  the  air,  to  dryness,  and  heating  mode- 
rately, the  protiodide  is  fused,  and  on  cooling  becomes  an  opaque  crystalline 
nass  of  an  iron*gray  colour  and  metallic  lustre.  It  is  deliquescent  and  very 
aoluble  in  water  and  alcohol.  Its  aqueous  solution  attracts  oxygen  rapidly 
from  tlie  air,  undergoing  the  same  kind  of  chan|fe  as  the  protochloride :  to 
preserve  a  solution  of  protiodide  as  such,  a  long  piece  of  iron  wire  should.be 
kept  permanently  in  the  liquid.  This  compound  has  been  very  succesefhlly 
employed  in  medical  practice  by  my  colleague  Dr.  A.  T.  Thomson. 

The  periodide^  of  a  yellow  or  orange  colour  according  to  the  strength  of 
the  solution,  is  obtained  by  freely  exposing  a  solution  of  the  protiodide  to  the 
air,  or  digesting  iron  wire  with  excess  of  iodine,  gently  evaporating,  and  sub- 
liming the  periodide.  It  is  a  volatile  red  compound,  deliquesoen^  and  solu- 
ble in  water  and  alcohol. 

The  bromidea  of  iron  are  formed  under  similar  conditions  to  the  diloridee 
and  iodides,  and  are  very  analogous  to  them  in  their  properties. 

Protq/iuoride  of  Iron  is  best  prepared  by  dissolving  iron  in  a  solution  of 
hydrofluoric  acid,  out  of  which  it  crystallizes  as  the  acid  becomes  saturated, 
in  small  white  square  tables,  which  are  sparingly  soluble  in  water,  and  be- 
come pale  yellow  by  the  action  of  the  air.  By  heat  they  part  with  their 
water  of  crystallization,  and  afterwards  bear  a  red  heat  without  deeompoai- 
tion.  (Bcnelius.) 

The  perfluoride  is  formed  by  dissolving  peroxide  of  iron  in  hydrofluoric 
acid,  and  yields  a  colourless  solution  even  when  saturated.  By  evaporation 
it  is  left  as  a  crystalline  mass  of  a  pale  flesh-colour,  and  of  a  mild  astringent 
taste.    It  is  sparingly  soluble  in  water. 

Sulphureie  of  Iron. — These  elements  have  for  each  other  a  remarkably 
strong  affinity,  and  unite  under  various  circumstances  and  in  several  propor- 
tions. The  two  lowest  degrees  of  sulphuration,  the  teirtuulphurei  and  diwU 
pkurtt,  were  prepared  by  Arfwedson  by  transmitting  a  current  of  hydrogen 
gas,  at  a  red  neat,  over  the  anhydrous  disulpbate  of  peroxide  of  iron  to  pro- 
cure the  tetrasulphuret,  and  over  anhydrous  sulphate  of  protoxide  of  irou  for 
the  disulphuret  In  both  cases  sulphurous  acid  and  water  are  evolved,  and 
the  resulting  snlphurets  are  lef\  as  grayish-black  powders,  susceptible  of  a 
metallic  lustre  by  friction.  They  both  dissolve  in  dilute  sulphuric  acid  with 
evolution  of  hydrogen  and  hydrosulphuric  acid  gases. 

PrlmulphurH  of  Iron  is  prepared  by  heating  thin  laminas  of  iron  to  red- 
ness with  sulphur  in  a  covered  Hessian  crucible,  and  continuing  the  heat 
until  any  excess  of  sulphur  is  expelled.  The  iron  is  found  with  a  crust  of 
protosulphuret,  which  is  brittle,  of  a  yellowish-gray  colour  and  metallic  lustre, 
and  is  attracted  by  the  magnet.  When  pure  it  is  completely  dissolved  by 
dilute  sulphuric  acid,  yielding  pure  hydrosulphuric  acid.  The  protosulphu- 
ret  of  iron  exists  in  nature  as  an  ingredient  in  variegated  copper  pyrites ; 
and  it  falls  on  mixing  hydrosulphate  of  ammonia  with  sulphate  of  protoxide 
of  iron  as  a  black  precfpitate,  which  oxidizes  rapidly  by  absorbing  oxygen 
from  the  air,  as  soon  as  the  excess  of  hydrosulphate  of  ammonia  is  removed 
by  washing. 

The  tetquUttlphurft  is  formed  in  the  moist  way  by  adding  perchloride  of 
iron  drop  by  drop  to  hydrosulphate  of  ammonia  or  sulphuret  of  potassium 
in  excess,  and  falls  as  a  black  precipitate,  which  is  oxidized  readily  by  the 
air.  In  the  dry  way  it  is  slowly  produced  by  the  action  of  hydrosulphuric 
acid  gas  on  peroxide  of  iron  at  a  heat  not  exceeding  212^,  water  being  also 
formed ;  and  by  the  action  of  the  same  gas  on  the  hydrated  peroxide  at 
common  temperatures.  This  sulphuret,  when  anhydrous,  has  a  yellowisfa. 
gray  eolonr,  is  not  attracted  by  the  magnet,  and  dissolves  in  dilute  sulphuric 
or  hydrochloric  scid,  yielding  hydrosulphuric  acid  and  a  residue  of  bisul- 
phuretof  iron.  (Berzelius.) 

BUiUpkMr^  of  Iron^  iron  ftyritet  of  mineralogists,  exists  abundantly  in 
the  earth.  It  occurs  in  cubes  or  some  allied  form,  has  a  yellow  colour, 
metaUic  lastre,  a  density  of  4981,  and  is  so  hard  that  it  stnkes  fire  with 
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■teel.  Some  vurietiM  have  a  white  colour;  bnt  these  uiuaOy  ooDtain 
araenic  Othen  occnr  in  rounded  nodules,  have  a  radiated  structure 
divergent  from  a  common  centre,  are  often  found  in  beds  of  clay,  and  are 
much  disposed  bj  the  influence  of  air  and  moisture  to  yield  sulphate  of 
oxide  of  iron :  these  are  suspected  by  Berxelins  to  be  compounds  of  proto- 
sulpburet  and  bisulphuret  of  iron. 

Bisulphuret  of  iron  is  not  attacked  by  an^  of  the  acids  except  the  nitric, 
and  its  best  solvent  is  the  nitro-hydrochloric  acid.  Heated  in  close  vessels 
it  gives  off  nearly  half  its  sulphur,  and  is  converted  into  magnetic  iron 
pyrites.    By  heat  and  air  together  it  yields  peroxide  of  iron. 

Magnetic  Iran  Pyriiet, — ^This  is  a  natural  product,  termed  magnetic 
pyrites  from  being  attracted  by  the  magnet,  and  was  formerly  regarmd  as 
protosulphuret  of  iron ;  but  Stromeyer  has  shown  that  its  elements  are  in 
such  a  ratio,  that  it  may  be  regarded  as  a  componnd  of  bisulphuret  and  pro- 
tosulphuret. It  is  formed  by  heating  the  bisulphuret  to  redness  in  close 
vessels,  bv  fusing  iron  filing^s  with  half  their  weight  of  sulphur,  or  by  rub- 
bing sulphur  upon  a  rod  of  iron  heated  to  whiteness.  It  is  soluble  in  dilute 
sulfuric  acid,  yielding  hydrosulphuric  acid  gas  and  a  residue  of  sulphur. 
It  is  much  more  oxidable  by  air  and  moisture  than  the  pure  bisulphuret. 

DiphoBjfhuret  of  Iran.— It  is  prepared  by  exposing  the  phosphate  of  pro- 
toxide of  iron  to  a  strong  heat  in  a  covered  crucible  lined  with  charcoal,  the 
excess  of  phosphorus  being  dissipated  in  vapour.  It  is  a  fused  granular 
mass,  of  the  colour  and  lustre  of  iron,  but  very  brittle,  and  is  not  attacked 
by  hydrochloric  acid.  It  is  sometimes  contained  in  metallic  iron,  to  the 
properties  of  which  it  is  very  injurious  by  rendering  it  brittle  at  common 
temperatures. 

The  perpkotphurei  has  been  obtained  by  Rose  by  the  action  of  phosphu- 
retted  hydrogen  gas  on  sulpliuret  of  iron  at  a  moderate  temperature,  and 
resembles  the  former  in  its  properties. 

CarbureU  itf  hon, — Carbon  and  iron  unite  in  very  various  proportions; 
bat  there  are  thtec  compounds  very  distinct  from  each  other — namely, 
graphite,  cast  or  pig  iron,  and  steel. 

Graphite,  also  known  under  the  name  of  pLumbago  and  blackhead,  occura 
not  unirequently  as  a  minersl  production,  and  is  found  in  great  purity  at 
Borrowdale  in  Cumberland.  It  may  be  made  artificially  by  exposing  iron 
with  excess  of  charcoal  to  a  violent  and  long-continued  heat;  and  it  is  com- 
monly generated  in  small  quantity  during  the  preparation  of  cast  iron. 
Pure  specimens  contain  about  four  or  five  per  cent  of  iron,  but  sometimes 
its  quantity  amounts  to  10  per  cent.  Most  chemists  believe  the  iron  to  be 
chemically  united  with  the  charcoal;  bnt  according  to  the  researches  of  Dr. 
Karsten  of  Berlin,  native  graphite  is  only  a  mechanical  mixture  of  charcoal 
and  iron,  while  artificial  graphite  is  a  real  carburet 

Graphite  is  exceedingly  unchangeable  in  the  air,  and  like  charcoal  is  at- 
tacked with  difficulty  by  chemical  reagents.  It  may  be  heated  to  any  ex- 
tent in  dose  vessels  without  change ;  but  if  exposed  at  ihe  same  time  to 
the  air,  its  carbon  is  entirely  consumed,  and  oxide  of  iron  remains.  It  has 
an  iron-gray  colour,  metallic  lustre,  and  granular  texture;  and  it  is  sofl  and 
unctuous  to  the  touch.  Its  chief  use  is  in  the  manufacture  of  pencils  and 
crucibles;  and  in  burnishing  iron  to  protect  it  from  rust 

Cast  iron  is  the  product  of  the  process  for  extracting  iron  from  its  ores, 
and  is  commonljr  regarded  as  a  real  compound  of  iron  and  charcoal.  It 
always  contains  impurities,  such  as  charcoal,  undecomposed  ore,  and  earthy 
matters,  which  are  often  visible  by  mere  inspection;  and  sometimes  traces 
of  chromium,  mancanese,  sulphur,  phosphorus,  and  arsenic  are  present  It 
fuses  readily  at  2786o  F.  (Daniell),  whioh  is  a  full  red  heat,  and  in  cooling 
it  acquires  a  crystalline  granular  texture.  The  quality  of  different  speci- 
mens is  by  no  means  uniform;  and  two  kinds,  white  and  gray  oast  iron,  are 
in  particular  distinguished  from  each  other.  The  former  is  exceedingly 
hard  and  brittle,  sometimes  breaking  like  glass  from  sudden  change  of  tem- 
perature; while  the  latter  is  softer  and  much  more  tenaciottf.    This  <'"*" 
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voce  appears  oving  to  the  mode  of  coiubinatioii,  rather  than  to  a  difierence 
in  the  proportion  m  carbon;  for  the  white  variety  may  be  conyerted  into  the 
gray  by  expoeore  to  a  strong  heat  and  cooling  slowly,  and  the  gray  may  be 
changed  into  the  white  by  being  heated  and  rapidly  cooled.  According  to 
Karsteo,  the  carbon  of  the  latter  is  combined  with  the  whole  mass  of  iron, 
and  amounts  as  a  maxinmm  to  SJSiS  per  cent ;  but  in  some  specimens  its 

r'oportion  is  considerably  less.  The  former,  on  the  contrary,  contains  from 
15  to  4.65  por  cent,  of  carbon,  of  which  about  Chree-foarths  are  in  the 
state  of  graphite,  and  are  left  as  sach  after  the  iron  is  dissoWed  by  acids ; 
while  the  remaining  fourth  is  in  combination  with  the  whole  mass  of  metal, 
ooDstitoting  a  carlniret  which  is  very  similar  to  steel.  Gray  cast  iron  may 
hence  be  regarded  as  a  kind  of  steel,  in  which  graphite  is  mechanically 
mixed. 

Steel  is  commonly  prepared  in  this  oomitry  by  the  process  of  cements- 
lion,  which  consists  in  filling  a  large  furnace  with  alternate  strata  of  bars  of 
the  porest  malleable  iron  and  powdered  charcoal,  closing  every  aperture  "so 
as  perfectly  to  exclude  atmospheric  air,  and  keeping  the  whole  during  seve« 
ral  days  at  a  red  beat.  By  this  treatment  the  iron  gradually  combines  with 
from  1.3  to  1.75  per  cent,  of  carbon,  its  texture  is  greatly  changed,  and  its 
surface  is  blistered.  It  is  subsequently  hammered  at  a  red  heat  into  small 
bars,  and  may  be  welded  either  with  other  bars  of  steel  or  with  malleable 
iron.  Mr.  Mackintosh  of  Glasgow  has  introduced  an  elegant  process  of 
forming  steel  by  exposing  heated  iron  to  a  current  of  coal  gas;  when  carbn* 
retted  hydrogen  is  decomposed,  its  carbon  enters  into  combination  with 
iron,  and  hydrogen  gas  is  evolved. 

In  ductility  and  malleability  it  is  far  inferior  to  iron;  but  exceeds  it 
greatly  in  hardness,  sonoroufcness,  and  elasticity.  Its  texture  is  also  more 
compact,  and  it  is  susceptible  of  a  higher  polish.  It  sustains  a  fuU  red  heat 
without  fusing,  and  is,  therefore,  less  fusible  than  cast  iron ;  but  it  is  much 
mora  so  than  malleable  iron.  By  fusion  it  forms  cast  steel,  which  is  more 
uniform  in  composition  and  texture,  and  possesses  a  closer  grain  than  ordir 
nary  steel. 

Frotoeyanuret  of  Inm. — This  compound  is  obtained  as  a  yellow  hydrate 
by  mixing  in  solution  cyanuret  of  potassium  with  sulphate  of  protoxide  of 
iron ;  but  by  the  action  of  the  air,  it  passes  into  Prussian  blue.  Berzclius 
obtains  it  as  a  yeUowish*gray  powder  by  heating  in  a  tube  the  double 
cyanuret  of  iron  and  hydrocyanate  of  ammonia  until  the  latter  is  ex* 
pelled. 

PrmUmdphoeyanurtt  of  Iron, — Hydrosulphocyanic  acid  dissolves  iron 
with  evolution  of  hydrogen  fas,  yielding  a  pale  green  solution,  which  may 
be  obtained  in  a  dry  state  hy  evaporation  in  vacuo.  Atmospheric  oxygen 
reddens  it  rapidly,  and  an  ochreous  sediment  falls. 

SemistUpkecyanuret  of  Iron* — This  compound,  of  a  blood-red  colour,  is 
formed  by  mixing  in  solution  any  salt  of  the  peroxide  of  iron  with  sulphol 
cyanuret  of  potaesiom,  its  intense  colour  affording  a  very  delicate  test  of 
iron  (page  277).  By  dissolving  hydrated  peroxide  of  iron  in  hydrosulpho- 
cyanic acid,  and  evaporating,  the  sesquisulphocyanuret  is  obtained  as  a  red 
■mass,  deliquescent,  and  soluhle  In  water  and  alcohol. 


SECTION  XIII, 
zinc.-x:admium. 

ZINC. 

Tflia  metal  was  first  mentioned  under  the  term  xintium  in  the  sixteenth 
eentory  fay  ParacelsuB;  but  it  was  probably  known  at  a  nuieb  curlier  period. 

89* 
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In  oomaeroe  it  is  often  called  tpelier,  and  is  obtained  either  from  eaUminef 
native  carbonate  of  zinc,  or  from  the  native  aulphuret,  zinc  Uende  of  mine- 
ralogifts.  It  is  procured  fi*om  the  former  by  heat  and  carbonaceous  mat- 
ters; and  from  the  latter  by  a  similar  process  after  the  ore  has  been  pre- 
viously  oxidized  by  roaglingf  that  is,  by  exposure  to  the  air  at  a  low  red 
heat  Its  preparation  affords  an  instance  of  what  is  called  dislillaiion  by 
descent.  The  furnace  or  crucible  for  reducing  the  ore  is  closed  above,  and 
in  its  bottom  is  fixed  an  iron  tube,  the  upper  aperture  of  which  is  in  the  in- 
terior of  the  crucible,  and  its  lower  terminates  just  above  a  voasel  of  water. 
The  vapour  of  zinc,  together  with  all  the  gaseous  products,  passes  through 
tliis  tube,  and  the  zinc  is  condensed.  The  first  portions  are  commonly  very 
impure,  containing  cadmium  and  arsenic,  the  period  of  their  disengage- 
ment being  indicated  by  what  the  workmen  call  the  brown  blaze;  but  when 
the  Uue  blaze  begins,  that  is,  when  the  metallic  vapour  burns  with  a  bluish- 
white  flame,  the  zinc  is  collected.  As  thus  obtained,  it  is  never  quite  pure : 
it  frequently  contains  traces  of  charcoal,  sulphur,  cadmium,  arsenic,  lead, 
and  copper ;  and  iron  is  always  present.  It  may  be  fireed  from  these  impu- 
rities by  diBtillation,~*by  exposing  it  to  a  white  heat  in  an  earthen  retort,  to 
which  a  receiver  full  of  water  is  adapted ;  but  the  first  portions,  as  liable  to 
contain  arsenic  and  cadmium,  should  be  rejected. 

Zinc  has  a  strong  metallic  lustre,  and  a  bluish-white  colour.  Its  texture  is 
lamellated,  and  its  density  about  7.  It  is  a  hard  metal,  being  acted  on  by 
the  file  with  difficulty.  At  low  or  high  degrees  of  heat  it  is  brittle ;  but  at 
temperatures  between  210^  and  300°  F.  it  is  both  malleable  and  ductile,  a 
property  which  enables  zinc  to  be  rolled  or  hammered  into  sheets  of  consid- 
erable thinness.  Ite  malleability  is  considerably  diminished  by  the  impu- 
rities which  the  zinc  of  commerce  contains.  It  fuses  at  773^  F.  (Danicll), 
and  when  slowly  cooled  crystallizes  in  four  or  six-sided  prisms.  Exposed  in 
close  vessels  to  a  white  boat,  it  sublimes  unchanged. 

Zinc  undergoes  little  change  hy  the  action  oi  air  and  moisture.  When 
fused  in.  open  vessels  it  absorbs  oxygen,  and  forms  the  white  oxide,  called 
flowers  of  zinc.  Heated  to  full  redness  in  a  covered  crucible,  it  bursts  into 
flame  as  soon  as  the  cover  is  removed,  and  burns  with  a  brilliant  white  light. 
The  combustion  ensues  with  such  violence,  tliat  the  oxide  as  it  is  formed  is 
mechanically  carried  up  into  the  air.  The  heat  at  which  it  begins  to  burn 
is  estimated  by  Daniell  at  941^  F.  Zinc  is  readily  oxidized  by  dilute  sol- 
pliuric  or  hydrochloric  acid,  and  the  hydrogen  which  is  evolved  contains  a 
small  quantity  of  metallic  zinc  in  combination. 

Gay-Lussac  and  Berzelius  found  that  the  protoxide  of  zinc  consists  of  100 
parts  of  metallic  zinc  and  24.8  of  oxygen,  being  a  ratio  of  32.3  to  8.  Its 
other  combinations  justify  the  adoption  of  32.3  as  the  equivalent  of  zinc. 
The  composition  of  its  compounds  described  in  this  section  is  as  follows  :-* 

Zinc.  Equiv.       Formuls. 

Protoxide  32.3  leq.+ Oxygen         8  1  eq.=  40.3     Zn+OorZn. 

Peroxide  Composition  uncertain. 

Chloride  32.3  1  eq.^  Chlorine  35.42  1  eq.=  67.72  Zn4-Clor  ZnCI. 

Iodide  32.3  1  oq.  4.  Iodine  126.3  1  eq.=  158.6     Zn-f-IorZnl. 

Bromide  32^  1  eq.  4-  Bromine  78.4  1  eq.=r  1 1 0.7    Zn  4-  Br  or  Zn  Br. 

Fluoride  32.3  1  eq.  + Fluorine  18.68  1  eq.=  50.98  Zn  4.  F  or  ZnF. 

Sulphuret  32.3  I  eq.  + Sulphur  16.1  1  eq.=  48.4    Zn  +  SorZna 

Cyanuret  32.3  1  eq.^Cyanogen  26.39  1  eq.r=  58.69  Zn^CyorZnCy. 

Protoxide  of  Zinc, — ^This  is  the  only  oxide  of  zinc  which  acts  as  a  sali- 
fiable base,  and  the  only  one  of  known  composition.  It  is  generated  during 
the  solution  of  zinc  in  dilute  sulphuric  acid,  and  mjy  be  obtained  in  a  dry 
stste  by  collecting  the  flakes  which  rise  during  the  combustion  of  zinc,  or 
by  heating  the  carbonate  to  redness.  At  common  temperatures  it  is  white  ; 
but  when  heated  to  low  redness,  it  assumes  a  yellow  colour,  which  gradually 
disappears  on  cooling.    It  is  quite  fixed  in  the  fire.    It  is  insoluble  in  water. 
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«nd,  thorafore,  does  not  affect  the  blue  colour  of  plants ;  but  it  is  a  stron^f  sali- 
fiable base,  forminj^  regular  salts  with  acids,  most  of  which  are  colourless. 
It  combines  also  with  some  of  the  alkalies. 

The  presence  of  sine  is  easily  recognized  by  the  following  charaAer& — 
Tbe  oxide  is  precipitated  from  its  solutions  as  a  white  hydrate  by  pure  po- 
tassa  or  ammonia,  and  as  carbonate  by  carbonate  of  ammonia,  but  is  com- 
pletely redissolved  by  an  excess  of  the  precipitant  The  fixed  alkaline 
carbonates  precipitate  it  permanently  as  white  carbonate  of  oxide  of  zinc. 
Hydrusulpbate  of  ammonia  causes  a  white  precipitate,  a  hydrated  sulphuret 
of  zinc.  Hydrosulphuric  acid  acts  in  a  similar  manner,  if  the  solution  is 
quite  neutral ;  but  it  has  no  effect  if  an  excess  of  any  strong  acid  is  present 

When  metallic  zfnc  is  expjsed  for  some  time 'to  air  and  moisture,  or  is 
kept  under  water,  it  acquires  a  superficial  coating  of  a  gray  matter,  which 
Berxelius  describes  as  a  sub-oxide.  It  is  probably  a  mixture  of  metallic 
sine  and  the  white  oxide,  into  which  it  is  resolved  by  the  action  of  acids. 
The  peroxide  is  prepared,  according  to  Thenard,  by  acting  on  hydrated 
white  oxide  of  zinc  with  peroxide  of  hydrogen  diluted  with  water.  It  re- 
solves  itself  so  readily  into  oxygen  and  the  oxide  already  described,  that  it 
cannot  be  preserved  even  under  the  surface  of  water ;  and  its  composition  is 
quite  unknown. 

Chloride  of  Zinc. — ^This  compound  is  formed,  with  evolution  of  heat  and 
light,  when  zinc  filings  are  introduced  into  chlorine  gas ;  and  it  is  readily 
prepared  by  dissolving  zinc  in  hydrochloric  arid,  evaporating  to  dryness, 
and  heating  the  vesidue  in  a  tube  through  which  dry  hydrochloric  acid  gas 
is  transmitted.  It  is  colourless,  fusible  at  a  heat  a  little  above  212^,  has  a 
soft  consistence  at  common  temperatures,  hence  called  imUer  of  stnr, 
sublimes  at  a  red  heat,  and  deliquesces  in  the  air. 

Iodide  of  Zinc  is  prepared  by  digesting  iodine  in  water  with  zinc  filings 
in  excess.  A  colourless  solution  results,  which  by  evaporation  yields  a  deU- 
quescent  iodide.  By  heat  in  close  vessels  it  may  be  sublimed,  and  then 
crystallizes  in  brilliant  needles;  but  if  healed  in  the  open  air,  oxide  of  zinc 
is  formed,  and  iodine  expelled.  If  zinc  is  digested  in  water  with  an  excess 
of  iodine,  a  brown  solution  results,  which  probably  contains  a  biniodide. 

Bromide  of  Zinc  may  be  formed  by  a  process  similar  to  that  for  the  iodide, 
but  its  properties  have  not  been  studied. 

Fluoride  of  Zinc  is  obtained  by  acting  directly  on  oxide  of  zinc  witli  hy. 
drofluoric  acid,  and  is  a  white  compound  of  sparing  solubility. 

Sulphuret  of  Zinc. — This  compound  is  well  known  to  mineralogists  under 
tbe  name  of  zinc  blertde,  and  occurs  in  dodecahedral  crystals  or  some  allied 
form.  Its  structure  is  lamellated,  lustre  adamantine,  and  colour  variable, 
being  sometimes  yellow,  red,  brown,  or  black.  It  may  be  formed  artifi- 
cially  by  igniting,  in  a  closed  crucible,  a  mixture  of  oxide  of  zinc  and  suU 
pbur,  or  sulphate  of  oxide  of  zinc  and  charcoal,  or  by  drying  the  hydrated 
sulphuret  of  zinc 

CADMIUM. 

Cadmium  so  called  (from  aae/yufiat,  a  term  applied  both  to  calamine  and  to 
the  volatile  matters  which  rise  from  the  furnace  in  preparing  brass)  because 
it  is  associated  with  zinc,  was  discovered  in  the  year  1817  by  Stromeyer  in 
an  oxide  of  zinc  which  had  been  prepared  for  medical  use ;  and  he  has  since 
found  it  in  several  of  the  ores  of  that  metal,  especially  in  a  radiated  blende 
from  Bohemia,  which  contains  about  five  per  cent,  of  cadmium.  The  late 
Br.  Clarke  detected  its  existence  in  some  of  the  zinc  ores  of  Derbyshire, 
and  in  the  common  zinc  of  commerce.  Mr.  Herapath  has  found  it  in  consi- 
derable quantity  in  the  zinc  works  near  Bristol.  Dorine  the  reduction  of 
calamine  by  coal,  the  cadmium,  which  is  very  volatile,  flies  off  in  vapour 
mixed  with  soot  and  some  oxide  of  zinc,  and  collects  in  the  roof  of  the 
vault,  just  above  the  tube  leading  from  the  crucible.  Some  portions  of  this 
substance  yielded  from  13  to  20  per  cent  of  cadmium.  (An.  of  PhlL  xiv.  and 
xvii.) 
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The  proceM  by  which  Slromeycr  teparatei  cadmium  ftom  xtnc  or  oHier 
metalt  u  the  fbllowtn^.  The  ore  of  caidmium  in  diitolved  in  dilute  sulphii- 
ric  or  hydrochloric  acid,  and  after  adding  a  portion  of  free  acid,  a  current  of 
hydroaulpburic  acid  gas  is  transmitted  through  the  liquid,  by  which  means 
the  cadiniam  is  precipitated  as  suiphuret,  while  Uie  zinc  continues  in  eola- 
tion. Tlie  suiphuret  of  cadmium  is  then  decomposed  by  nitric  acid,  and  the 
solution  evaporated  to  dryness.  The  dry  nitrate  is  dissolved  in  water,  and 
an  excess  of  carbonate  of  ammonia  added.  The  white  carbonate  of  oxide  of 
cadmium  subsides,  which,  when  heated  to  redness,  yields  a  pure  oxide.  By 
mixing  this  oxide  with  charcoal,  and  exposing  the  mixture  to  a  red  heat, 
metallic  cadmium  is  sublimed. 

A  very  elegant  process  for  separating  zinc  from  cadmium  was  proposed  by 
VVoUaston.  The  solution  of  the  mix^  metals  is  put  into  a  platinum  cap- 
sule, and  a  piece  of  metallic  zioc  is  placed  in  it.  If  cadmium  is  present,  it 
is  reduced,  and  adheres  so  tenaciously  to  the  capsule,  that  it  may  be  washed 
with  water  without  danger  of  being  losL  It  may  then  be  dtsaolved  either 
by  nitric  or  dilute  hydrwshloric  acid 

Cadmium,  iti  colour  and  lustre,  has  a  strong  rcsemblanoe  to  tin,  but  is 
somewhat  harder  and  more  tenacious.  It  is  very  ductile  and  malleable.  Its 
specific  gravity  is  8.604  before  being  hammered,  and  8.694  afterwards.  It 
melts  at  about  the  same  temperature  as  tin,  and  is  nearly  as  volatile  as 
mercury,  condensing  like  it  into  globules  which  have  a  metallic  lustre.  Its 
vapour  has  no  odour.  When  heated  in  the  open  air,  it  absorbs  oxygen,  and  is 
converted  into  an  oxide.  Cadmium  is  readily  oxidized  and  dissolved  by  ni- 
trie  acid,  which  is  its  proper  solvent.  Sulphuric  and  hydrochloric  acids  aet 
upon  it  less  easily,  and  the  oxygen  is  then  derived  from  water. 

The  equivalent  of  cadmium,  deduced  from  Stromeyer*s  analysis  of  its 
oxide,  is  55.8.  The  composition  of  its  compounds  described  in  this  section 
is  as  follows : — 

Cadmium.  Equiv.        Formalse. 

^cSdmfl     55.8    leq.-f  Oxygen     8         1  eq«  63.8    Cd+OorCd. 

Chloride        55.8    1  eq.  4.  Chlorine  35.42  1  eq.=  91J^  Cd-fClorCda. 

Iodide  55.8    leq.  + Iodine    126.3  1  eq.=  182.1     Cd  +  IorCdI. 

Suiphuret      55.8    1  eq. 4- Sulphur   16.1  1  oq.=±  71.9     Cd^-SorCdS. 

Oxide  of  Cmdmium. — ^This,  the  only  known  oxide  of  cadmium,  is  pre- 
pared by  igniting  its  carbonate,  has  an  orange  colour,  is  fixed  in  the  fire, 
and  is  insoluble  in  water.  It  has  no  action  on  test  paper,  but  is  a  strong 
alkaline  base,  forming  neutral  salts  with  acids.  It  is  precipitated  as  a  white 
hydrate  by  pure  ammonia,  but  is  redissolved  by  excess  of  that  alkali.  It  is 
precipitated  permanently  by  pure  potassa  or  soda  as  a  hydrate,  and  by  all 
the  alkaline  carbonates  as  carbonate  of  oxide  of  cadmium. 

Chloride  of  Cadmium,^By  dissolving  oxide  of  cadmium  in  hydrochloric 
acid  and  concentrating  duly,  the  chloride  with  water  of  crystallization  crys- 
tallizes in  transparent  four-sided  rectangular  prisms,  which  lose  their  water 
by  heat  and  even  in  a  dry  air,  fuse  at  a  heat  short  of  redness,  and  acquire  a 
hunellated  texture  in  cooling.    At  a  high  temperature  it  is  sublimed. 

Iodide  of  Cadmium  may  be  formed  in  the  same  manner  as  iodide  of 
zinc,  is  soluble  in  water  and  alcohol,  and  crystaUizes  by  evaporation  in  large, 
colourless,  transparent,  hexagonal  tables,  which  do  not  change  in  the  air, 
and  have  a  pearly  lustre.    By  heat  they  lose  water  and  then  fuse. 

Suiphuret  of  Cadmium  occurs  in  mixture  or  combinatton  in  some  kinds 
of  zinc  blende,  snd  is  easily  prepared  by  the  action  of  hydrosulphurie  acid 
oo  a  salt  of  cadmium.  It  has  a  yellowish-orange  ook>ur,  and  is  distinguish- 
ed from  the  suIphnreU  of  arsenic  by  being  insoluble  in  pare  potassa,  and  by 
sustainiog  a  white  heat  without  subliming.  (Stromeyer.) 


TIK.  346 


^     SECTION  XIV. 

TIN. 

Tim  was  known  to  the  ancients,  who  obtained  it  principally,  if  not  solely, 
from  Cornwall.  The  tin  of  commerce  is  distinguished  into  two  varietieii, 
called  block  and  grain  ftn,  both  of  which  are  procured  from  the  native  oxide 
by  means  of  heat  and  charcoal.  In  Cornwall,  which  has  been  celebrated  for 
its  tin  mines  during  many  centuries,  the  ore  is  botli  cztractejd  from  veins, 
and  found  in  the  form  of  rounded  grains  among  beds  of  rolled  materials, 
which  have  been  deposited  by  the  action  of  water.  These  grains,  common- 
ly  called  ttretttn  tin^  contain  a  very  pure  oxide,  and  yield  the  purest  kind  of 
Rain  tin.  An  inferior  sort  is  prepared  by  heating  bars  of  tin,  extracted 
from  the  common  ore,  to  very  near  their  point  of  fusion,  when  the  more 
fusible  parts,  which  are  the  purest,  flow  out ;  and  the  less  fusible  portions 
constitute  block  tin.    The  usual  impurities  are  iron,  copper  and  arsenic. 

Tin  has  a  white  colour,  and  a  lustre  resembling  that  of  silver.  The  bril- 
liancy of  its  surface  is  but  very  slowly  impaired  by  exposure  to  the  atmo- 
sphere, nor  is  it  oxidized  even  by  the  combined  agency  of  air  and  moisture. 
Its  malleability  is  very  considerable ;  for  the  thickness  of  common  tin-foil 
does  not  exceed  1-lOOOth  of  an  inch.  In  ductility  and  tenacity  it  is  inferior 
to  several  metals.  It  is  sod  and  inelastic,  and  when  bent  backwards  and 
forwards,  emits  a  peculiar  crackling  noise.  Its  specific  gravity  is  about 
ISL  At  442^  F.  it  fuses,  and  if  exposed  at  the  rame  time  to  the  air,  its  sur- 
face tarnishes,  and  a  gra^  powder  is  formed.  When  heated  to  whitencM,  it 
takes  fire  and  bums  with  a  white  flame,  being  converted  into  peroxide 
of  tin. 

The  equivalent  of  tin  deduced  by  Berzclius  from  his  analysis  of  its  oxides 
is  57.9.  The  composition  of  tlie  compounds  of  tin  described  in  this  section 
is  as  follows: — 

Tin.  Equiv.        Formulas. 

Protoxide     .    57.9   1  eq.  + Oxygen    8      1  eq.=  65.9    Sn  +  OorSn. 
Sesquioxide    115.8  2  cq.+     do.      24      3  eq.&=139.8   2Sn  +  30orSn. 

Binoxide      .    57.9  1  eq.-f     do.      16      2  eq.aa  73.9    Sn  +  SOorSn. 

Protochloride  57.9  1  eq.-f  Chlorine  35.42  1  eq.=  93.32  Sn  +  Clor  SnCI. 

Bichloride    .    57.9  1  eq.-f     do.      70.84  2  cq.=«  128.74  Sn-f2Cl or  SnCl«. 

Protiodide    .    57.9  1  eq.-f  Iodine  126.3   1  eq.=sl84j3    Sn-florSnI. 

Biniodide     .    57.9  1  eq.-f     do.    252.6   2  eq.=s3l0.5    Sn-f  21  or  SnK 

Proloeulphurct  57.9  1  eq.-f  Sulphur  16.1    1  eq.=:  74.      Sn-fSorSnS. 

Sesquisulph.   115.8  2  eq.-f     do.       48.3    3  eq.=164.l    2Sn  +  3R  or  Sn«S^ 

Bisulphuret      57.9  1  eq.-f     do.       32.2   2  eq.s=  90.1    Sn -f  28  or  SnS«. 

Terphosphuret  57.9  1  eq.  -f  Phosph.  47.1    3  eq.=105.      Sn  -f  3P  or  SnPa. 

Protoxide  of  Tin. — When  chloride  of  tin  in  solution  is  mixed  with  an 
alkaline  carbonate,  hydratcd  oxide  of  tin  falls,  which  may  be  obtained  as 
such  in  a  dry  form  by  washing  with  warm  water,  and  drying  at  a  heat  not 
above  196<^,  with  the  least  possible  exposure  to  the  air.  This  hydrate  is 
white,  bums  like  tinder  when  suddenly  heated,  snd  isdecomposed  by  being 
boiled  in  water.  The  best  mode  of  obtaining  the  anhydrous  oxide  is  by 
beating  the  hydrate  to  redness  in  a  tube  from  which  air  is  excluded  by  a 
current  of  carbonic  acid  gas.  The  same  oxide  is  formed  when  tin  is  kept 
for  some  time  fused  in  an  open  vessel. 

Protoxide  of  tin  has  a  sp.  gravity  of  6.666.  At  common  temperatures  it 
is  permanent  in  the  air,  but  if  touched  by  a  red  hot  body,  it  takes  fire  and 
is  eonverted  into  the  peroxide.  It  is  dissolved  by  the  sulphuric  and  hydro- 
chloric  acids,  aa  also  by  dilute  nitric  acid ;  and  the  pure  fixed  alkalies  like- 
wise dissolve  it.  From  the  alkaline  solution,  metallic  tin  is  gradually  de^ 
podted,  and  peroxide  of  tin  remains  in  solution.    Its  salts  are  remarkably 
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prone  to  abiorb  oxygen,  both  from  the  air  and  from  compounda  which  yield 
oxygen  readily.  Tnaa  it  coo?erta  peroxide  of  iron  into  protoxide,  and 
throwa  down  mercury,  ailver,  and  platinum  in  the  metallic  state  from  theit 
aalta.  With  a  aolutioo  of  gold  it  causes  a  purple  precipitate,  the  purple  of 
Coaatua,  which  appears  to  be  a  compound  of  peroxide  of  tin  and  protoxi& 
of  |foId.  By  this  character  protoxide  of  tin  is  recognized  with  certainty. 
It  IS  thrown  down  by  hydrosulpfauric  acid  -as  black  protosulphuret  of  tin. 

8e§quiax%de  of  Tin. — Fuchs  has  lately  succeeded  in  preparing  this  oxide 
by  mixing  recently  precipitated  and  moist  hydrated  peroxide  of  iron  with  a 
■olntion  of  protochloride  of  tin  as  free  as  possible  from  hydrochloric  acid ; 
when  by  an  interchange  of  elements 

1  eq.  perox.  iron  *;  Seq.  chloride  of  tin  S  1  eq.  leanuioK.  tin  *;  2eq.  chlo.  iron. 
2FC+30  2(Sn+Cl)         £       2Sn  +  30  2CFe-fCl). 

The  aeaquioxide  falls  as  a  slimy  gray  matter,  and  in  general  rather  yellow 
from  adhering  oxide  of  iron.  Berzelius  obtained  it  purer  by  usinef  a  solu- 
tion made  by  saturating  hydrochloric  acid  as  far  as  possible  with  hydrated 
peroxide  of  iron.  The  sesquioxide  of  tin,  while  moist,  is  soluble  in  hydro- 
chloric acid,  and  the  solution  strikes  the  purple  of  Cassius  with  gold ;  and  it 
is  readily  soluble  in  a  solution  of  ammonia,  which  distinguishes  it  from  the 
protoxide  of  tin,  just  as  its  action  on  gold  does  from  the  binoxide«  (Pog. 
Annalcn,  xxviii.  443.) 

Binoxide  of  7Hn  is  most  conveniently  prepared  by  the  action  of  nitric 
acid  on  metallie  tin.  Nitric  acid,  in  its  most  concentrated  state,  does  not 
act  eaaily  upon  tin ;  but  when  a  amall  quantity  of  water  is  added,  violent 
eflbrvescenoe  takes  place  owing  to  the  evolution  of  nitrous  acid  and  bin- 
oxide  of  nitrogen,  and  a  white  powder,  the  hydrated  binoxide,  is  produced. 
On  edulcorating  this  substance,  and  heating  it  to  redness,  watery  vapour  b 
expelled,  and  the  pure  binoxide,  of  a  straw-yellow  colour,  remains.  In  this 
process  ammonia  is  generated,  a  circumstance  which  proves  water  as  well 
M  nitric  acid  to  be  decomposed.  Binoxide  of  tin  may  likewise  be  obtained 
by  precipitation  from  a  solution  of  perchloride  of  tin  by  potassa,  ammonia, 
or  the  alkaline  carbonates;  but  in  this  case  it  falls  as  a  very  bulky  hydrate, 
diflforent  from  the  other  hydrate  both  in  appearance  and  several  of  its 
chemical  properties.  Thus  the  latter  dissolves  readily  in  sulphuric,  nitric, 
and  hydrochloric  acid,  even  when  diluted ;  while  the  former  is  completely 
insoluble  in  the  same  acids,  even  when  concentrated.  It  unites,  indeed, 
with  hydrochloric  acid,  and  the  compound  is  soluble  in  pure  water. 

Binoxide  of  tin  has  very  little  disposition  in  any  state  to  unite  with  acids, 
and,  when  dissolved  by  them,  is  very  apt  to  separate'  itself  spontaneously  as 
Ji  gelatinous  hydrate.  It  acts  the  part  of  a  feeble  acid :  it  reddens  litmoa 
when  its  hydrate  moistened  is  laid  upon  it,  and  it  unites  with  the  pure  alka- 
lies, forming  soluble  compounds  which  are  called  stannaUs, 

Binoxide  of  tin  is  recognized  by  its  insolubility  in  acids  in  its  anliydroos 
state ;  by  separating  from  its  solution  by  means  of  hydrochloric  acid  as  a 
bulky  hydrate  by  any  of  the  alkalies  or  alkaline  carbonates,  which  is  easily 
and  completely  dissolved  by  pure  potassa  or  soda  in  excess;  and  by  yielding 
with  hydrosulphuric  acid  the  yellow  bisulphurct  of  tin,  which  is  also  solubw 
in  pure  potassa. 

Binoxide  of  tin,  when  melted  with  glass,  forms  a  white  enamel. 

Protochloride  of  Tin. — This  compound  is  obtained  by  transmitting  hydro- 
chloric acid  gas  over  metallic  tin  heated  in  a  glass  tube,  when  hydrogen  gas 
is  evolved;  or  by  distilling  a  mixture  either  of  granulated  tin  with  an  equal 
weight  of  bichloride  of  mercury,  or  of  an  amalgam  of  tin  with  calomel, 
nrgmg  the  heat  till  the  mercury  is  expelled.  Iti  this  state  it  is  a  gray  solid, 
of  a  resinous  lustre,  which  fuses  below  redness,  and  at  a  high  temperature 
■iiblimes.  It  is  obuined  by  crystallization  from  a  concentrated  sokKioB  of 
the  chloride  in  crystals,  which  are  aomettmes  in  small  white  needles,  and  at 
others  in  large  transparent  prisms,  and  consist  of  93.32  parts  or  one  eq.  of 
protochloride  of  tin  and  27  parts  or  throe  eq.  of  water.    On  beating  these 
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eryvtsls,  tliey  not  anly  Iom  watsr,  but  reaction  ensneo  between  the  elementi 
of  water  and  the  chloride,  hydrochloric  acid  raa  is  evolved,  and  protoxide 
of  tin  remains  oombiDed  with  the  chloride.  The  same  kind  of  compound  ie 
formed  when  a  large  qnantitj  of  the  water  is  ponred  upon  the  crystals :  the 
■oiution  contains  protochloride  of  tin  and  hydrochloric  acid,  and  a  white 
powder  snbsides  which  consists  of  one  eq.  of  the  protochloride,  one  eq.  of 
protoxide,  and  two  eq.  of  water.  (Berzelius.) 

A  solution  of  protochloride  of  tin  is  obtained  by  heating  granulated  th) 
in  strong  hydrochloric  acid  as  long  as  hydrogen  gas  continues  to  be 
evolved.  This  solution  is  much  employed  as  a  deoxidizing  agent,  being 
more  powerful  than  the  sulphate  or  nitrate  of  the  protoxide  ;  owing  appa« 
rently  to  the  tendency  of  the  protochloride  of  tin  to  resolve  itself  mto  bi- 
chloride and  metallic  tin,  the  latter  taking  oxygen  or  chlorine  from  any  me- 
tallic  solutions  which  yield  them  readily. 

Bichloride  of  Tin, — When  protochloride  of  tin  is  heated  in  chlorine  gas, 
or  on  distilling  a  mixture  of  8  parts  of  granulated  tin  with  24  of  bichloride 
of  mercury,  a  very  volatile,  colourless  liquid  passes  over,  which  is  bichlo- 
ride of  tin.  In  an  open  vessel  it  emits  dense  white  fumes,  caused  by  the 
moisture  of  the  air,  and  hence  it  was  formerly  called  the  fuming  liqmor  of 
Libavius,  who  discovered  it.  At  348^  it  boils,  and  the  sp.  gravity  of  its  va- 
pour was  found  by  Dumas  to  be  9.1997.  With  one-third  of  its  weight  of 
water  it  forms  a  solid  hydrate,  and  in  a  larger  quantity  of  water  dissolves. 

The  solution  of  bichloride  of  tin,  commonly  called  permuriate  of  <tn,  is 
much  used  in  dyeing,  and  is  prepared  bv  dissolving  tin  in  nitro-hydrochlo- 
ric  acid.  The  process  requires  care ;  for  if  the  action  be  very  rapid,  as  is 
sure  to  happen  if  strong  acid  be  employed  and  much  tin  added  at  once, 
the  peroxide  will  be  spontaneously  deposited  as  a  bulky  hydrate,  and  be 
subsequently  redissolved  with  great  difficulty.  But  the  operation  will  rarely 
fail  if  the  acid  is  made  with  two  measures  of  hydrochloric  acid,  one  of  nitric 
acid,  and  one  of  water,  and  if  the  tin  is  gradually  dissolved,  one  portion  dis- 
appearing before  another  is  added.  The  most  certain  mode  of  prepara- 
tion, however,  is  to  prepare  a  solution  of  the  protochloride,  and  convert  it 
into  the  bichloride  either  by  chlorine,  or  by  gentle  heat  and  nitric  acid. 

Iodides  of  Tin. — ^The  protiodide  is  formed  by  heating  granulated  tin  with 
about  2^  times  its  weight  of  iodine,  and  is  a  brownish-red,  translucid  sub- 
stance, very  fusible,  volatile  at  a  high  temperature,  and  soluble  in  water. 

The  bintodide  is  prepared  by  dissolving  in  hydriodic  acid  the  hydrate  of 
the  peroxide,  precipitated  by  alkalies  from  the  bichloride.  It  crystallizes  in 
yellow  crystals  of  a  silky  lustre,  which  are  resolved  by  boiling  water  into 
hydriodic  acid  and  peroxide  of  tin. 

Prnto&ulphuret  of  Tin, — ^This  compound  is  prepared  by  pouring  melted 
tin  upon  its  own  weight  of  sulphur,  and  stirring  rapidly  with  a  stick  during 
the  action ;  as  some  tin  usually  escapes  the  sulphur  from  the  latter  being 
rapidly  expelled,  the  product  should  be  pulverized,  mixed  with  its  weight  of 
sulphur,  and  projected  in  successive  portions  into  a  hot  Hessian  crucible, 
and  then  heated  to  redness.  It  is  a  brittle  compound,  of  a  bluish.gray, 
nearly  black,  colour  and  metallic  lustre,  which  fuses  at  a  red  heat,  and  ac- 
quires a  lamelhited  texture  in  cooling.  It  is  dissolved  by  hydrochloric  acid 
with  evolution  of  hydrosulphuric  acid.  The  same  sulphuret  is  obtained  in 
the  moist  Vfky  by  adding  hydrosulphuric  acid  to  a  solution  of  protoc^^loride 
of  tin.  The  oeoquisulphuret  is  formed  by  mixing  the  protosulphuret  in  fine 
powder  with  a  tliird  of  its  weight  of  sulphur,  and  heating  the  mixture  to 
low  redness  until  sulphur  ceases  to  escape.  Its  colour  is  of  a  deep  grayish- 
yellow;  it  is  reconverted  by  a  strong  heat  into  the  protosulphuret,  and  dis- 
solves in  hydrochloric  acid  gas,  yielding  hydrosulphuric  acid  gas  and  a  resi- 
due of  bisulphuret  of  tin. 

Bioulpkuret  of  T\n,  formerly  called  mosaic  gold,  is  prepared  by  heating  in 
a  glass  or  earthen  retort  a  mixture  of  3  parts  of  peroxide  of  tin,  2  of  sul. 
I^nr,  and  1  part  of  sal  ammoniac,  and  maintaining  a  low  red  heat  until  sul- 
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pharout  acid  ceaaet  to  be  evolved.  Theae  materials  are  aometiinea  employed 
without  aal  ammoniac,  but  Berzelius  laya  that  the  latter  is  eaaential  for  ob- 
taioingf  tlie  bisolphuret  The  product  when  aucceaafullj  prepared,  is  in  crya-  ~ 
talline  acales,  and  aometimes  even  in  regular  aiz-sided  tables,  of  a  golden- 
yellow  oolour  and  metallic  lustre.  It  is  soluble  in  pure  potasaa  and  in  its 
carbonate  by  boiling ;  but  its  only  solvent  among  the  acids  is  the  nitro- 
hydrochloric  The  blsulphuret  is  obtained  as  a  bulky  hydrate  of  a  dirty 
yellow  colour  by  the  action  of  hydrosulphuric  acid  or  hydrosolphate  of  am. 
monia  on  bichloride  of  tin  in  solution. 

Terpkuphuret  of  Tin, — ^Rose  formed  this  compound  by  acting  on  a  solu- 
tlon  of  protochloride  of  tin  by  phosphuretted  hydrogen.  It  is  readily  oxidized 
by  the  action  of  the  air. 


SECTION    XV. 

COBALT.-^NICKEL. 

COBALT. 

This  metal  is  met  with  in  the  earth  chiefly  in  combination  with  arsenic, 
constituting  an  ore  from  which  all  the  cobalt  of  commerce  is  derived.  It  is  a 
constant  ingredient  of  meteoric  iron,  though  in  very  small  quantity.  (Stro- 
moyer.)  Its  name  is  derived  from  the  term  Kobola,  an  evU  spirit^  applied 
to  it  by  the  German  miners  at  a  time  when  they  were  ignorant  of  its  value, 
and  considered  it  unfavourable  to  the  presence  of  valuable  metals. 

When  native  arseniuret  of  cobalt  is  broken  into  small  pieces,  and  exposed 
in  a  reverberatory  furnace  to  the  united  action  of  heat  and  air,  its  elements 
are  oxidized,  most  of  the  arscnious  acid  is  expelled  in  the  form  of  vapour, 
and  an  impure  oxide  of  cobalt,  called  zaffre^  remains.  On  heating  this  sub- 
stance with  a  mixture  of  sand  and  potash,  a  beautiful  bluccoloured  glass  is 
obtained,  which,  when  reduced  to  powder,  is  known  by  the  name  ofamalt. 

Metallic  cobalt  may  be  obtained  by  dissolving  zaffire  in  hydrochloric  acid, 
and  transmitting  through  the  solution  a  current  of  hydrosulphuric  acid  gas 
until  the  arsenioas  acid  is  completely  separated  in  the  form  of  orpiment. 
The  filtered  liquid  is  then  boiled  with  a  little  nitric  acid,  in  order  to  convert 
the  protoxide  into  peroxide  of  iron,  and  an  excess  of  carbonate  of  potasaa  it 
added.  The  precipitate,  consisting  of  peroxide  of  iron  and  carbonate  of  pro- 
toxide of  cobalt,  afier  being  well  washed  with  water,  is  digested  in  a  solution 
of  oxalic  acid,  which  dissolves  the  oxide  of  iron  and  leaves  the  oxide  of  co- 
balt in  the  form  of  an  insoluble  oxalate.  (Laugier.)  On  heating  this  oxalate 
in  a  retort  from  which  atmospheric  air  is  excluded,  a  large  quantity  of  car- 
bonic acid  is  evolved,  and  a  black  powder,  metallic  cobalt,  is  lefl.  (Thomson 
in  Annals  of  Philosophy,  N.  S.  i.)  The  pure  metal  is  easily  procured  also  by 
pusing  a  current  of  dry  hydrogen  gas  over  oxide  of  cobalt  heated  to  redness 
m  a  tube  of  porcelain.  In  this  state  it  is  porous,  and  if  formed  at  a  low 
temperature  it  inflames  spontaneously,  as  stated  in  the  section  on  iron  (page 
335). 

A  solution  of  cobalt  may  also  be  made  by  acting  on  the  native  arseniuret 
with  sulphuric  mixed  with  a  fourth  part  of  nitric  acid,  separating  as  much 
arsenious  acid  as  possible  by  evaporation,  and  conducting  the  remainder  of 
the  process  as  above  described.  The  arseniuret  from  Tunaberg  should  be 
preferred  for  this  purpose,  as  it  is  in  general  free  from  nickel,  which  alwajs 
accompanies  the  cobalt  ores  of  Germany. 

Cobalt  is  a  brittle  metal,  of  a  reddish-gray  colour,  and  weak  metallic  lustre. 
Its  density,  according  to  my  observation,  is  7.834.  It  fuses  at  a  heat  rather 
lower  than  iron,  and  when  slowly  cooled  it  crystallizcst    It  ia  attracted  by 
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the  magnet,  and  is  susceptible  of  being  rendered  permanently  magnetic.  It 
undergoes  little  change  in  the  air,  bat  absorbs  oxygen  when  heated  in  open 
yessels.  It  is  attacked  with  difficulty  by  sulphuric  or  hydrochloric  acid,  but 
is  readily  oxidized  by  means  of  nitric  acid.  Like  iron  and  the  other  metals 
of  this  order,  it  decomposes  water  at  a  red  heat  with  disengagement  of  hy- 
drogen gas.   (Despretz.) 

According  to  the  analyses  of  RothofT  on  the  oxides  of  cobalt,  its  equiva- 
lent  is  inferred  to  be  29.5  (Ann.  of  Phil.  iii.  356.)  The  composition  of  its 
compounds  described  in  this  section  is  as  follows  :— 


Cobalt. 


(29.5  I  eq.-f  Oxygen    8 

88.5  3eq.-f  do.  32 

59     2eq.4-do.  24 

29i»  leq.+Chlor.    35.42 
29.5  leq.  4.  Sulphur  16.1 


Equiv. 
I  eq.=  37.5 

4  eq.=120.5 
3eq.=  83 
1  eq.i=  64.92 
1  eq.=r  45.6 


Formuls. 
Co+Oor  Co. 

3Co+40orCo304. 

2Co+30orCo. 
Co+Cl  or  CoCl 
Co+SorCoS. 


59     2eq.+do.         48.3        3  eq.=107.3     2Co-f  3SorCoaS3. 


^29.5  leq.+do.  32.2        2  eq.= 


:61.7         Co+2SorCoSa. 
Subphos- 1  88i»  3  eq. + Phosp.    31.4       2  eq.=:  1 19.9    3Co + 2P  or  Co3 Pa. 

Protozie  of  Cobalt, — ^This  oxide  is  of  an  ash-gray  colour,  and  is  the  basis 
of  the  salts  of  cobalt,  most  of  which  are  of  a  piok  hue.  When  heated  to  red- 
ness in  open  ?e8sels  it  absorbs  oxygeo,  and  is  converted  into  the  peroxide.  It 
may  be  prepared  by  decomposing  carbonate  of  the  protoxide  by  heat  in  a  ves- 
sel firom  which  atmospheric  air  is  excluded.  It  is  easily  recognized  by  giving 
a  blue  tint  to  borax  when  melted  with  it ;  and  is  employed  in  the  arts,  m  the 
form  of  smalt,  for  communicating  a  similar  colour  to  glass,  earthenware, 
and  porcelain. 

Protoxide  of  cobalt  is  precipitated  from  its  salts  by  pure  potassa  as  a  blue 
hydrate,  which  absorbs  oxygen  from  the  air,  and  gradually  acquires  a  dirty 
green  tint.  Pure  ammonia  likewise  causes  a  blue  precipitate,  which  is  re- 
dissolved  by  the  alkali  if  in  excess.  It  is  thrown  down  as  a  pale  pink  car- 
bonate by  carbonate  of  potassa,  soda,  or  ammonia ;  but  an  excess  of  the 
last  redissolves  it  with  facility.  Hydrosulphuric  acid  produces  no  change, 
unless  the  solution  is  quite  neutral,  or  the  oxide  is  combined  witli  a  weak 
acid.  Alkaline  hydrosulphates  always  precipitate  it  as  a  black  protosulphuret 
of  cobalt 

^Oxide  tf  CobaU^—li  is  said  that  when  protoxide  of  cobalt,  or  the  nitrate, 
carbonate,  or  oxalate  of  that  oxide,  is  gently  ignited  in  an  open  fire,  peroxide 
of  cobalt  results;  but  M.  Hess  has  lately  shown  that  the  oxide  then  obtained 
is  analogous  in  composition  to  the  red  oxide  of  manganese.  The  peroxide  of 
cobalt  is  converted  into  it,  with  loss  of  oxygen,  by  a  full  red  heat,  whether 
exposed  to  the  air  or  not ;  so  that  of  the  oxides  of  cobalt  it  is  the  most  stable. 
The  same  compound  is  obtained  as  a  dirty  green  hydrate  by  the  action  of 
the  air  on  the  hydrated  protoxide.  It  is  probably  a  compound  of  peroxide 
and   protoxide  of  cobalt,  since  3Co4-40  obviously  contain  the  elements 

Co-t-Co.    This  intermediate  oxide  is  of  a  dark  brown  colour^  and  does  not 
unite  with  acids  or  alkalies.    (Pog.  Annalen,  xxvi.  542.) 
Peroxide. — ^This  oxide  is  obtained  as  a  black  hydrate  containing  two  eq. 

of  water,  Co-)-2H,  when  chloride  of  «>balt  in  solution  is  decomposed  by 
chloride  of  lime,  or  chlorine  is  transmitted  into  water  in  which  hydrated 
protoxide  of  cobalt  is  suspended.    In  this  case 

30 
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3  eq.  protoxide  &  1  eq.  chlorine      S     1  eq.  peroxide  &  1  eq.  Chloride 
3(Co+0)  CI.  g,       2Co+30  Co+CL 

This  hydrate  has  a  black  colour,  and  yields  the  black  anhydrous  peroxide 
by  exposure  to  a  heat  of  600P  or  700^ ;  but  it  is  difficult  to  drive  off  all  the 
water,  without  also  losing  oxygen.  It  combines  with  none  of  the  acids,  and 
when  digested  with  hydrochloric  acid  it  emits  chlorine  gas,  and  chloride  of 
cobalt  is  generated. 

When  a  salt  of  cobalt  is  treated  with  pure  ammonia  in  close  vessels,  part 
of  the  cobalt  is  dissolved,  and  part  subsides  in  form  of  a  blue  powder.  On 
admitting  atmospheric  air,  this  substance  passes  to  a  higher  state  of  oxidation, 
and  is  gradually  dissolved.  If  nitrate  of  cobalt  is  UMd,  a  double  salt  may 
be  obtained  in  crystals,  which  L.  Gmclin,  to  whom  we  are  indebted  for  these 
remarks,  believes  to  consist  of  nitrate  and  cebaltate  of  ammonia.  The  ex- 
istence of  this  acid,  however,  has  not  yet  been  satisfactorily  established. 

Chloride  of  Cobalt. — It  is  obtained  in  solution  on  dissolving  metallic  co- 
balt, its  protoxide,  or  cither  of  the  other  oxides  in  hydrochloric  acid,  with 
evolution  of  hydrogen  gas  with  the  first  and  of  chlorine  with  the  latter.  It 
yields  a  pink-coloured  solution,  and  by  evaporation  small  crystals  of  the  same 
colour  containing  water  of  crystallization.  When  deprived  of  water  its  colour 
is  blue,  a  character  on  which  is  founded  its  use  as  a  sympathetic  ink :  when 
letters  are  written  with  a  dilute  solution  of  the  chloride,  the  colour  is  so  pale 
that  it  is  invisible  in  the  cold ;  but  on  heating  gently,  the  letters  appear  of  a 
blue  colour,  and  disappear  as  soon  as  the  chloride  has  recovered  its  moisture 
lh>m  the  atmosphere.  When  iron  or  nickel  is  present,  the  dry  chloride  of 
oobalt  is  green  instead  of  blue. 

SulphureU, — Cobalt  appears  to  unite  with  sulphur  in  three  proportions ; 
the  first  being  a  protosulphuret,  the  second  a  sesquisulphuret,  and  the  third  a 
bisulphureL  The  protosulphuret  has  a  gray  colour,  a  metallic  lustre,  and  a 
crystalline  texture.  It  may  be  formed  in  the  dry  way  either  by  throwing 
fragments  of  sulphur  on  red-hot  cobalt,  or  by  igniting  protoxide  of  cobalt  with 
sulphur;  and  it  is  thrown  down  as  a  black  precipitate  from  the  salts  of  cobalt 
by  alkaline  hydrosulphates,  or  even  by  hydrosulphuric  acid  gas  if  the  salt  is 
quite  neutral,  or  the  oxide  united  with  any  of  the  feebler  acids. 

Arfwedson  has  observed  that  when  hydrogen  gas  is  transmitted  over  sul- 
phate of  oxide  of  oobalt  heated  to  redness,  water  and  sulphurous  acid  are 
evolved,  and  a  compound  remains,  called  an  oxyndfAuret,  consisting  of  ox- 
ide of  cobalt  united  with  sulphuret  of  cobalt.  When  this  substance  is  exposed 
to  hydrosulphuric  acid  gas  at  a  red  heat,  the  oxide  is  decomposed,  and  the 
wsquisulphuret  is  formed. 

The  bisulphuret  is  prepared,  according  to  Setterberg,  by  heating  2  parts 
of  carbonate  of  oxide  of  cobalt  intimately  mixed  with  3  parts  of  sulphur.  The 
process  is  conducted  in  a  glass  retort,  and  the  heat  continued  as  long  as 
sulphur  is  expelled  ;  but  the  temperature  should  not  be  suffered  to  reach  that 
of  redness. 

Subphotphuret  of  Cobalt. — Rose  obtained  this  phosphuret  by  the  action  of 
hydrogen  gas  on  subphosphate  of  oxide  of  cobalt  heated  in  a  tube,  water  be- 
ing also  generated.    In  this  case 

1  eq.  phosphate  and   8  eq.  hydrogen    S     1  eq.  phosphuret  and  8  eq.  water. 
3(Co+0)  +  (2P-f50)        8H  •»         3Co-f2P  8(H  +  0). 

This  phosphuret  is  pulverulent  and  of  a  gray  colour,  and  is  also  obtained 
by  the  action  of  phosphuretted  hydrogen  gas  on  chloride  of  cobalt 

NICKEL. 

Nickel  is  a  constituent  of  meteoric  iron ;  but  its  principal  ore  is  the  copper 
coloured  mineral  of  Westphalia,  termed  kujifer-fiickel^  copper  nickel;  nickel 
being  an  epithet  of  detraetion,  applied  by  the  older  German  miners,  because 
ibe  mineral  looked  like  an  ore  of  copper,  and  yet  they  could  extract  none 
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from  it  The  preparations  of  nickel  may  eitheY  be  prepared  from  copper 
nickel,  which  is  an  arseniaret  of  nickel  oofitaining  small  quantities  of  sulphur, 
copper,  cobalt,  and  iron,  or  from  the  artificial  arseniuret  called  spetss,  a 
metallurgic  production  obtained  in  forming  smalt  from  the  roasted  ores  of 
GobalL  Various  prooesaes  have  been  devised  for  procuring  a  pure  salt  of 
nickel,  but  the  following  appears  to  me  as  simple  and  perhaps  as  successful 
as  anv.  Afler  reducing  speiss  to  fine  powder,  it  is  digested  in  sulphuric  acid, 
to  which  a  fourth  part  of  nitric  acid  is  added ;  and  when  the  solution  is 
saturated  with  nickel,  it  is  set  aside  for  several  hours  in  order  that  arsenious 
acid  may  separate,  and  is  then  filtered.  The  clear  liquid  is  subsequently 
mixed  with  a  solution  of  sulphate  of  potassa,  and  set  aside  to  crystallize 
spontaneously ;  when  a  double  salt,  sulphate  of  oxide  of  nickel  and  potassa 
is  depojtited.  Dr.  Thomson,  who  proposed  tliis  process,  states  that  the 
crystals  thus  obtained  are  quite  free  from  arsenic  and  iron,  and  contain  no 
impurities  except  copper  and  cobalt  The  former  is  precipitated  as  sulphuret 
by  a  current  of  hydrosulphuric  acid  gas,  a  little  free  sulphuric  acid  being 
previously  added ;  and  at  the  same  time  any  traces  of  arsenic,  if  present, 
would  likewise  subside  as  orpiment  The  filtered  liquor  is  then  heated  to 
expel  free  hydrosulphuric  acid,  and  the  oxides  of  nickel  and  cobalt  precipi- 
tated by  carbtinite  of  potassa.  The  separation  of  these  oxides  ma^  then 
be  effected  by  the  method  suggested  by  Bcrthier ;  namely,  by  precipitating 
them  together  by  pure  potassa,  and,  after  washing  the  mixed  hydrates,  sus- 
pending them  in  water  through  which  chlorine  gas  is  transmitted  to  satu- 
ration. All  the  cobalt  and  generally  some  nickel  is  converted  into  perox- 
ide and  thus  rendered  insoluble;  while  the  greater  part  of  the  nickel  is 
dissolved  in  the  form  of  chloride,  and  may  be  removed  from  the  insoluble 
peroxides  by  filtration. 

Metallic  nickel,  which  may  be  prepared  either  by  heating  the  oxalate  in 
dose  vessels,  or  by  the  combined  action  of  heat  and  charcoal  or  hydrogen 
on  oxide  of  nickel,  is  of  a  white  colour,  intermediate  between  that  of  tin  and 
ailver.  It  has  a  strong  metallic  lustre,  and  is  both  ductile  and  malleable.  It 
is  attracted  by  the  magnet,  and  like  iron  and  cobalt  may  be  rendered  mag- 
notic.  Its  specific  gravity  afler  fusion  is  about  8J279,  and  is  increased  to 
near  9.0  by  hammering. 

Nickt  I  is  very  infusible,  but  less  so  than  pure  iron.  It  suffers  no  changa 
at  common  temperatures  by  exposure  to  air  and  moisture ;  but  it  absorbs 
oxygen  ut  a  red  heat,  though  not  rapidly,  and  is  partially  oxidized.  It  de- 
coropoiscs  water  at  the  same  temperature.  Hydrochloric  and  sulphuric  acids 
act  upon  it  with  difficulty;  but  by  nitric  acid  it  is  readily  oxidized,  and  forms 
a  nitrut<>  of  the  protoxide  of  nickel. 

From  the  analyses  of  the  oxides  of  nickel  by  Rothoff  and  Tupputi,  the 
equivalent  of  nickel  may  be  estimated  at  29.5.  The  composition  of  its  com- 
pounds described  in  this  section  is  as  follows : — 

NiekeL  Equiv.        Formnls. 

Protoxide  99.5  1  eq.  -h  Oxygen     8      1  eq.  =  37.5      Ni  -f  O  or  Ni. 

Peroxide  59    2eq.+do.  24     3  eq.=  83         2Ni+30or^. 

Chloride  29.5  1  eq.  +  Chlorine  35.42  ]  eq.=  64.92    Ni  4.C1  or  NiCI. 

Protosulphuret  29.5  1  eq.  + Sulphur  16 J    1  eq.s  45.6     Ni-f  S  or  NiS. 
Disulphuret       59     2eq.+do  16.1     1  eq.»  75.1     2Ni  +  SorNiSS. 

Sttbphmiphuret  88.5  3  eq.+Phos.      31.4    2  eq.=>  119.9  3Ni+2P  or  Nisps. 
Cyanuret.  29.5  1  eq.+Cyanog.  26.39  1  eq.=s  55.89  Ni^-Cy  orNiCy. 

Protoxide  €f  Nickel. — ^This  oxide  may  be  formed  by  heating  the  carbonate, 
oxalate,  or  nitrate  to  redness  in  an  open  vessel,  and  is  then  of  an  ash-gray 
colour ;  but  afler  exposure  to  a  white  heat,  its  colour  is  a  dull  olive-green. ' 
It  is  not  reducible  by  beat  unaided  by  combustibles.  It  is  not  attracted  by 
the  magnet.  It  is  a  strong  alkaline  base,  and  nearly  all  its  salts  have  a  green 
tint  It  is  precipitated  as  a  hydrate  of  a  pale-green  colour  by  the  pure  alkalies. 
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but  is  redl88ol?cd  by  ammonia  in  excess  ;  as  a  pale  green  carbonate  by  alka- 
line carbonates,  but  is  dissolved  by  an  excess  of  carbonate  of  ammonia ;  and 
as  a  black  sulphuret  by  alkaline  hydrosulphates.  Hydrosulphuric  acid  oc- 
casions no  precipitate,  unless  the  solution  is  quite  neutral,  or  the  oxide  com- 
bined  with  a  weak  acid. 

Peroxide. — this  oxide  has  a  black  colour,  and  is  formed  by  transmitting 
chlorine  gas  through  water  in  which  the  hydrate  of  the  protoxide  is  suspend 
ed.  The  peroxide  docs  not  unite  with  acids,  is  decomposed  by  a  red  heat, 
and  with  hot  hydrochloric  acid  forma  the  chloride  with  disengagement  of 
chlorine  gas. 

Thenard  succeeded  in  preparing  a  peroxide  by  the  action  of  peroxide  of 
hydrogen  on  hydrated  protoxide  of  nickel;  but  it  is  uncertain  whether  the 
composition  of  Uiis  peroxide  is  identical  with  that  above  described,  or  differ, 
ent  Two  suboxides  have  likewise  been  enumerated ;  but  their  existence  is 
exceedingly  problematical. 

Chhride  of  Nickel. — ^This  compound  is  formed  by  acting  with  hydro, 
chloric  acid  on  metallic  nickel,  its  protoxide,  or  peroxide ;  hydrogen  gas 
being  evolved  with  the  former,  and  chlorine  with  the  latter.  It  forms  an 
cmerald.green  solution,  and  by  evaporation  yields  crystals  of  the  same  tint, 
which  lose  water  or  deliquesce,  according  as  the  air  is  dry  or  moist.  In  its 
anhydrous  state  it  is  yellow  ;  but  a  small  admixture  with  cobalt  causes  a 
green  tint.  At  a  low  red  heat  it  sublimes,  and  condenses  in  brilliant  scales 
of  a  gold-yellow  colour. 

Protosulphuret  of  Nickel  is  formed  by  processes  similar  to  those  described 
for  preparing  protosulphuret  of  cobalt  The  precipitated  sulphuret  is  dark 
brown  or  nearly  black,  and  is  dissolved  by  hydrochloric  acid  with  evolution 
of  hydrosulphuric  acid;  while  that  procured  in  the  dry  way  is  of  a  grayish- 
yellow  colour,  and  requires  for  solution  nitric  or  nitro-hydrochloric  acid.  It 
occurs  as  a  natural  production  in  very  delicate  acicuUir  crystals,  the  haarkiea 
of  the  Germans. 

Arfwedson  obtained  the  disulphuret  by  transmitting  hydrogen  gas  over 
sulphate  of  oxide  of  nickel  at  a  red  heat.  It  is  of  a  lighter  yellow  and  more 
fusible  than  the  former. 

Suhpho$phuret  of  Nickel. — ^Rose  obtained  it  by  the  action  of  hydrogen  gas 
on  subphosphate  of  oxide  of  nickel,  the  same  change  ensuing  as  with  cobalt ; 
and  it  is  generated  by  the  action  of  phosphurettcd  hydrogen  gas  on  chloride 
of  nickel.  It  has  a  black  colour,  is  insoluble  in  hydrochloric  acid,  but  dis- 
solves  in  nitric  acid.    Heated  by  the  blowpipe  it  burns  with  flame. 

Cyanuret  of  NickeL — It  is  obtained  by  mixing  in  solution  a  salt  of  nickel 
with  cyanuret  of  potassium,  and  falls  as  a  pale  apple-green  precipitate,  which 
aoqttires  a  yellow  tint  in  drying. 
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CLASS  n. 


ORDER  11. 

METALS  WHICH  DO  NOT  DECOMPOSE  WATER  AT  ANY 
TEMPERATURE,  AND  THE  OXIDES  OF  WHICH  ARE  NOT 
REDUCED  TO  THE  METALLIC  STATE-  BY  THE  SOLE  AC- 
TION OF  HEAT. 

SECTION  XVI. 

ARSENIC. 

Mktaluo  arsenic  lometiines  occurs  nativei  but  more  frequently  it  is 
found  in  combination  with  other  metals,  and  especially  with  cobalt  and 
iron.  On  roa<9tin^  these  arsenical  ores  in  a  revorbcratory  furnace,  the 
arsenic,  from  its  volatility,  is  expelled,  combines  with  oxygen  as  it  rises,  and 
condenses  into  thick  cakes  on  the  roof  of  the  chimney.  The  sublimed  mass, 
after  being  purified  by  a  second  sublimation,  is  the  virulent  poison  known  by 
the  name  of  arsenic,  or  white  oxide  of  arsenic.  From  this  substance  the 
metal  itself  is  procured  by  heating  it  with  charcoal.  The  most  convenient 
process  is  to  mix  the  white  oxide  with  about  twice  its  wciffht  of  black  flux^ 
and  expose  the  mixture  to  a  red  heat  in  a  Hessian  crucible,  over  which  is 
luted  an  empty  crucible  for  receiving  the  metaL  The  reduction  is  easily 
effected,  and  metallic  arsenic  collects  in  the  upper  erucible,  which  should  be 
kept  cool  for  the  purpose  of  condensing  tlie  vapour. 

Arsenic  is  an  exceedingly  brittle  metal,  of  a  strong  metallic  lustre,  and 
white  colour,  running  into  steel-gray.  Its  structure  is  crystalline,  and  when 
slowly  sublimed  it  is  said  to  crystallize  in  rhonibohedrons.  Its  sp.  gravity  is 
5.8843.  When  heated  to  356^,  it  sublimes  without  previously  liquefying ; 
for  its  point  of  fusion  is  far  above  that  of  its  sublimation,  and  has  not  hitherto 
been  determined.  Its  vapour  has  a  strong  odour  of  garlic,  a  property  which 
affords  a  distinguishing  character  for  metallic  arsenic,  as  it  is  not  possessed 
by  any  other  metal,  with  the  exception  perhaps  of  zinc,  which  is  said  to  emit 
a  similar  odour  when  thrown  in  powder  on  burning  charcoal.  In  closs 
vessels  it  may  be  sublimed  without  change,  but  if  atmospheric  air  be  ad- 
mitted it  is  rapidly  converted  into  the  white  oxide.  According  to  Hahoe- 
man  it  is  slowly  oxidized  and  dissolved  by  being  boiled  in  water.  In 
general  it  speedily  tarnishes  bv  exposure  to  air  and  moisture,  acquiring 
upon  its  surface  a  dark  film,  which  is  extremely  superficial;  but  Berzeliua 
remarks  that  he  has  kept  some  specimens  in  open  vessels  for  years  without 
loss  of  lustre,  while  others  are  oxidized  through  their  whole  substance,  and 
fall  into  powder.  The  product  of  this  spontaneous  oxidation,  which  is  known 
abroad  under  the  name  of  fly-powder^  is  supposed  by  Berzelius  to  be  an 
oxide ;  but  it  is  more  generally  regarded  as  a  mixture  of  white  oxide  and 
metallic  arsenic. 

The  equivalent  of  arsenic,  as  inferred  by  Berzelius  from  the  composition 
of  arson ious  and  arsenic  acids,  is  37.7.  The  compounds  of  this  metal  de- 
scribed in  this  section  are  thus  constituted : — 

Arsenic.  Equiv.  Formulas. 

Arseni. .    {  754  2  eq.-f  Oxyg.       24      3  eq.=  99.4    2As+30  or  as. 
ous  acid  \  ^  w  ^  — 

Arsenic     /  75.4  2  eq.+do.  40      5eq.=115.4    2As+50orAs. 

acid        J  — 

^•hkride  I  ^''•^  ^  eq.H-Chlorine   35.42 1  eq.»  73.12  As+Cl  or  AsCl 

30» 
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Sesqui- 

chloride 
Periodlde 
Sesqui- 

bromide 
Prolo- 

hydurct 
Arsen. 

Hydr. 
ProtofluU 

phurct 
SesquU 
sulphuret 
FeniuU 

phuret 


Arsenic. 
ilSA  2eq.+Chlor. 
75.4  2  eq.4- Iodine 

175.4  2eq.  +  Brom. 
37.7  1  eq.+Hydr. 
\l5A  2eq.  +  do 
J  37.7  leq.  +  Sulph. 
75.4  2  cq.-fdo. 
75.4  2eq.+do. 


Equiv.  Formule. 

106.26  3  eq.=  181.66  2A8  4.3Clor  AssCP. 
631.5    5eq.=706.9    2A8+5I  or  A8«I*. 
235.2  3eq.=310.6    2A8+3BrorA8>Br3. 

1  .    1  eq.=  38.7    As+H  or  AbH. 

3      3eq.=»78.4   2A£+3Hor  AssH^. 
16.1    1  cq.=  53.8    As+S  or  AsS. 
48.3    3eq.»123.7    2A8+3S  or  Ab2S3. 

80.5    5eq.=155.9    2A8+5S  or  AsSS'. 


Ar$eniou§  Acid^ — ^This  compound,  frequently  called  white  araenie  and 
white  oxide  of  arsenic^  is  always  generated  when  arsenic  is  heated  in  open 
vessels,  and  may  be  prepared  by  digesting  the  metal  in  dilute  nitric  acid. 
The  white  arsenic  of  commerce  is  derived  from  the  native  arseniurets  of 
cobalt,  being  sublimed  during  the  roasting  of  these  ores  for  the  preparation 
of  zaiTre,  and  it  is  purified  by  a  second  sublimation  in  iron  vessels.  It  is 
commonly  sold  in  a  state  of  fine  white  powder;  but  when  first  sublimed,  it 
is  in  the  lorm  of  brittle  masses,  more  or  less  transparent,  colourless,  of  a 
vitreous  lustre,  and  conchuidal  fracture.  7'his  glass,  which  may  also  be  ob- 
'  tained  by  fusion,  gradually  becomes  opaque  without  undergoing  any  appa- 
rent change  of  constitution,  either  with  respect  to  water  or  any  other  sub- 
stance;  but  the  change  is  certainly  promoted  by  exposure  totlie  atmosphere. 
Its  sp.  gravity  is  3.7.  At  380^  it  is  volatilized,  yielding  vapours  which  do 
not  possess  the  odour  of  garlic,  and  which  condense  unchanged  on  cold  sur- 
faces. Its  point  of  fusion  is  rather  higher  tlian  that  at  which  it  sublimes  ; 
and,  therefore,  in  order  to  be  fused,  it  must  cither  be  heated  under  pressure, 
or  its  temperature  be  suddenly  raised  above  380^.  Arsenioos  acid  is  dimor- 
phous j  that  is,  susceptible  of  assumingf  two  crystalline  forms  belonging  to 
different  systems  of  crystallization.  By  slow  sublimation  in  a  glass  tube,  it 
is  always  obtained  in  distinct  octohedral  crystals  of  adamantine  lustre  and 
perfectly  transparent.  Its  unusual  form  is  that  of  six-sided  scales  derived 
from  a  rhombic  prism,  and  was  first  lately  found  by  Wohler  among  the  pro- 
ducts in  a  manufacture  o£  smalt :  the  conditions  for  enabling  it  to  assume 
this  form  are  unknown,  and  by  subliming  the  crystals,  they  crystallized  in 
octohedrons.     (An.  de  Ch.  et.  de  Ph.  li.  201 .) 

The  taste  of  arsenious  acid  is  stated  differently  by  different  persons.  It 
is  prevalently  thought  to  be  acrid :  but  I  am  satisfied  from  personal  obser- 
vation that  it  may  be  deliberately  tasted  without  exciting  more  than  a  very 
faint  impression  of  sweetness,  and  perhaps  of  acidity.  The  acrid  taste  as- 
cribed to  it  has  probably  been  confounded  with  the  local  inflammation,  by 
which  its  applieation,  if  of  some  continuance,  is  followed.  (Christison  on 
Poisons.)  It  reddens  vegetable  blue  colours  feebly,  an  effect  which  is  best 
shown  by  placing  the  acid  in  powder  on  moistened  litmus  paper.  It  com- 
bines with  salifiable  bases,  forming  salts  which  are  termed  arsenUes, 

According  to  the  experiments  of  Klaproth  and  Buchholz,  1000  parts  of 
boiling  water  dissolve  77.75  of  arsenious  acid ;  and  the  solution,  after  having 
cooled  to  60^  F.,  contains  only  30  parts.  The  same  quantity  of  water  at 
60,  when  mixed  with  the  acid  in  powder,  dissolves  only  two  parts  and  a 
half.  Guibourt  has  lately  observed  tliat  the  transparent  and  opaque  varieties 
of  arsenic  diSor  in  ^solubility.  He  found  that  1000  parts  of  temperate 
water  dissolve ,  durmg  36  hours,  9.6  of  the  transparent,  and  12.5  of  the 
opaque  variety  :  that  the  same  quantity  of  boiling  water  dissolves  97  parts  of 
the  transparent  variety,  retaining  18  when  ooid,  but  takes  op  115  of  the 
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opaque  Tariety,  and  retains  29  on  cooling.  By  the  presence  of  organic  sub- 
stances, such  as  milk  or  tea,  its  solubility  is  materially  impaired.  (Christison 
on  Poisons.) 

When  metallic  arsenic  is  sharply  heated  with  hydrate  of  potassa,  pure 
hydrogen  gas  is  evolved,  and  a  mass  is  led  consisting  of  arseniuret  of  po- 
tassium and  arsenite  of  potassa,  facts,  which  prove  that  a  portion  of  arsenic 
JB  oxidized,  and  derives  its  oxygen  partly  from  water  and  partly  from  potassa. 
If  the  heat  is  raised  io  redness,  the  arsenious  acid  is  resolved  into  arsenic 
acid  and  metal,  the  former  remaining  as  an  arseniate,  while  the  latter  is 
expelled.  Similar  phenomena  ensue  with  the  hydrates  of  soda,  baryta,  and 
lime ;  except  that  with  the  two  latter  no  arsenic  acid  is  produced.  (Soubeiran 
in  An.  dc  Ch.  et  de  Ph.  xliii.  410.) 

The  frequent  exhibition  of  arsenious  acid  as  a  poison  renders  the  detection 
of  this  compound  an  object  of  great  importance  to  medical  practitioners  as 
well  as  to  the  chemist.  In  this  as  in  all  similar  inquiries,  the  object  to  be 
held  in  view  is  the  discovery  of  a  few  decisive  characters,  by  means  of 
which  the  poison  may  be  distinguished  from  all  other  bodies;  and  when 
present  but  in  small  quantity,  either  in  pure  water,  or  in  any  fluids  like- 
^  to  be  met  with  in  the  stomach,  may  with  certainty  be  detected. 
The  attention  should  be  fixed  on  one  or  two  tests  of  admitted  value, 
and  all  others  be  set  aside.  With  this  feeling  I  shall  indicate  tlie  mode 
of  applying  the  three  principal  tests,  namely,  the  ammoniaco-nitrate  of 
silver,  ammoniaco-sulphate  of  copper,  and  hydrosulphuric  acid. 

1.  ArscAiious  acid  is  not  precipitated  by  nitrate  of  oxide  of  silver,  unless 
an  alkali  is  present  to  neutralize  the  nitric  acid.  Ammonia  is  commonly 
employed  for  the  purpose;  but  as  arsenite  of  oxide  of  silver  is  very  soluble  in 
ammonia,  an  excess  of  the  alkali  would  retain  the  arsenite  in  solution.  To 
remedy  this  inconvenience,  Mr.  Hump,  of  Long  Acre,  proposed  to  employ 
the  ammoniacal  nitrate  of  silver,  which  is  made  by  dropping  ammonia  into 
a  rather  strong  solution  of  lunar  caustic  till  the  oxide  of  silver,  at  first 
thrown  down,  is  nearly  all  dissolved.  The  liquid  thus  prepared  contains 
the  precise  quantity  of  ammonia  which  is  required;  and  when  mixed  with 
arsenious  acid,  two  neutral  salts  result,  the  soluble  nitrate  of  ammonia,  and 
the  insoluble  yellow  arsenite  of  oxide  of  silver.  Ammoniacal  nitrate  of 
silver  likewise  diminishes  the  risk  of  fallacy  that  might  arise  from  the 
presence  of  phosphoric  acid.  Phosphate  of  oxide  of  silver  is  so  very  soluble 
in  ammonia,  that  when  a  neutral  phosphate  is  mixed  with  the  ammoniacal 
nitrate  of  silver,  the  resulting  phosphate  is  held  almost  entirely  in  solution 
by  the  free  ammonia. 

This  test,  however,  even  in  its  improved  state,  is  still  liable  to  objection. 
For  when  arsenious  acid  in  small  proportion  is  mixed  with  sea  salt,  or  animal 
and  vegetable  infusions,  the  arsenite  of  oxide  of  silver  either  docs  not  subside 
at  all,  or  is  precipitated  in  so  impure  a  state  tliat  its  characteristic  colour 
cannot  be  distinguished.  Several  methods  have  been  proposed  for  obviating 
this  source  of  fallacy ;  but  Dr.  Christison  has  shown,  that  this  test,  taken 
singly,  cannot  be  relied  on  in  practice. 

2.  Ammoniacal  sulphate  of  copper,  which  is  made  by  adding  ammonia  to 
a  solution  of  sulphate  of  oxide  of  copper  until  the  precipitate  at  first  thrown 
down  is  nearly  all  redissolved,  occasions  with  arsenious  acid  a  green  preci- 
pitate,  which  has  been  long  used  as  a  pigment  under  the  name  of  ScheeU^M 
^ettL  This  test,  thoujB^h  well  adapted  for  detecting  arsenious  acid  dissolved 
m  pure  water,  is  very  fallacious  when  applied  to  mixed  fluids.  Dr.  Chris- 
tison  has  proved  that  ammoniacal  sulphate  of  copper  produces  in  some  ani- 
mal and  vegetable  infusions,  containing  no  arsenic,  a  greenish  precipitate, 
which  may  be  mistaken  for  Scheele^s  green ;  whereas  in  other  mixed  fluids, 
such  as  tea  and  porter,  to  which  arsenic  has  been  previously  added,  it 
occasions  none  at  all,  if  the  arsenious  acid  is  in  small  quantity.  In  some  of 
these  liquids,  a  free  vegetable  acid  is  doubtless  the  solvent ;  but  arsenite  of 
oxide  of  copper  is  also  dissolved  by  tannin  and  perhaps  by  other  vegetable 
as  ivell  as  some  animal  principles. 
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3.  When  a  carrent  of  hydrosulphuric  acid  gna  is  conclacted  throagh  a 
■olution  of  arsGDiouB  acid,  the  fluid  immediately  acquires  a  yellow  colour, 
and  in  a  short  time  becomes  turbid,  owing  lo  the  formation  of  orpiment,  the 
■esquisulphuret  of  arsenic.  The  precipitate  is  at  first  partially  suspended  in 
the  liquid ;  but  as  soon  as  free  hydrosulphuric  acid  is  expelled  by  heating  the 
solution,  it  subsides  perfectly,  and  may  easily  be  collected  on  a  filter.  One 
condition,  however,  must  be  observed  in  order  to  ensure  success,  namely, 
that  the  liquid  does  not  contain  a  fire  alkali;  for  sulphuret  of  arsenic  is 
dissolved  with  remarkable  facility  by  pure  potassa  or  ammonia.  To  avoid 
this  ftllacy,  it  is  necessary  to  acidulate  the  solution  with  a  little  acetic  or 
hydrochloric  acid.  Hydrosulphuric  acid  likewise  acts  on  arsenic  in  ail 
vegetable  and  animal  fluids,  if^  previously  boiled,  filtered,  and  acidulated. 

But  it  does  not  necessarily  follow,  because  hydrosulphuric  acid  causes  a 
yellow  precipitate,  that  arsenic  is  present;  since  there  are  not  less  than  four 
other  substances,  namely,  selenium,  cadmium,  tin,  -and  antimony,  the  sul- 
phurets  of  which,  judging  from  their  colour  alone,  might  possibly  be  mista- 
ken for  orpiment  From  these  and  all  other  substances  whatever,  the 
sulphuret  of  arsenic  may  be  thus  distinguished. — On  drying  the  sulphuret, 
mixing  it  with  black  flux,  and  heating  the  mixture  contained  in  a  glass 
tube  to  redness  by  means  of  a  spirit-lamp,  decomposition  ensues,  and  a 
metallic  crust  of  an  iron-gray  colour  externally,  and  crystalline  on  its  inner 
surface,  is  deposited  on  the  cool  part  of  the  tube.  This  character  alone  is 
quite  satisfactory ;  but  it  is  easy  to  procure  additional  evidence,  by  recon- 
verting  the  metal  into  arscnious  acid,  so  as  to  obtain  it  in  the  form  of 
resplendent  octohedral  crystals.  This  is  done  by  holding  that  part  of  the 
tube  to  which  the  arsenic  adheres  about  three-fourths  of  an  inch  above  a 
very  small  spirit-lam  [inflame,  so  that  the  metal  may  be  slowly  sublimed;  As 
it  rises  in  vapour  it  combines  with  oxygen,  and  is  deposited  in  crystals  with- 
in  the  tube.  The  character  of  these  crystals,  with  respect  to  volatility, 
lustre,  transparency,  and  form,  is  so  exceedingly  well  marked,  that  a  prac- 
Used  eye  may  safely  identify  them,  though  their  weight  should  not  exceed 
the  100th  part  of  a  grain.  This  experiment  does  not  succeed  unlew  the 
tube  be  quite  dean  and  dry. 

The  only  circumstance  which  occasions  a  difficulty  in  the  preceding  pro- 
cess, is  the  presence  of  organic  substances,  which  cause  the  precipitate  to 
subside  imperfectly,  render  filtration  tedious,  and  froth  up  inconveniently 
during  the  reduction.  Hence,  if  so  abundant  as  materiallv  to  impede  filtra- 
tion  and  prevent  the  liquid  from  becoming  clear,  they  should  be  removed 
before  hydrosulphuric  acid  is  employed.  This  is  oflen  sufiiciently  effected 
by  acidulating  with  acetic  acid,  by  which  caseous  and  albuminous  sub- 
stances are  coagulated  ;  but  a  more  complete  separation  is  accomplished  by 
evaporating  the  solution  at  a  moderate  heat  to  dryness,  redissolving  snew  by 
boiling  successive  portions  of  distilled  water  on  the  residue,  and  then  filter- 
ing  the  solution  afler  it  has  cooled.  Most  of  the  organic  matters  are  thus 
rendered  insoluble.  It  is  of  course  necessary  towards  the  close  of  the 
desiccation  to  guard  against  too  high  a  temperature,  since  otherwise  the 
arsenic  itself  might  be  expelled.  (Christison  on  Poisons,  2nd  Edition,  252.) 

It  hence  appears,  that  Of  these  various  tests  for  arsenic,  the  only  one 
which  gives  uniform  results,  and  is  applicable  to  every  case,  is  hydro- 
sulphuric acid,  followed  by  reduction.  No  substance,  indeed,  nor  mixture 
of  substances,  is  known  to  produce  with  all  the  three  liquid  tests  the  same 
precipitate  as  arsenic,  and,  therefore,  their  indications,  when  taken  con- 
joitUly^  can  scarcely  be  considered  otherwise  than  conclusive ;  but  still  to 
most  persons  the  sight  and  characters  of  the  metal  itself  afford  a  higher 
degree  of  evidence  than  the  colour  and  appearance  of  precipitates,  and  it  is 
•ertain  that  a  quantity  of  arsenic  which  may  be  thrown  down  by  hydrosul- 
phuric acid,  and  obtained  in  the  metallic  state,  might  be  insufficient  to  yield 
characteristic  compounds  when  divided  into  three  parts  and  examined  by 
three  different  re-agents.  The  method  for  detecting  arsenic  should,  there- 
fore, be  principally  limited  to  the  last: — all  the  rest  may  be  dispensed  with. 
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For  this  great  improvement  ia  the  mode  of  testing  for  areenioos  acid,  we 
are  indebted  to  Dr.  Christison.  By  this  process  he  discovered  the  presence 
of  arsenioiu  acid  when  mixed  with  complex  fluids,  such  as  tea,  porter,  and 
the  like,  in  the  proportion  of  one-fourth  of  a  grain  to  an  ounce ;  and  more  re- 
cently he  has  twice  obtained  so  small  a  quantity  as  the  20lh  of  a  grain  frcnn 
the  stomachs  of  people  who  had  been  poisoned  wilh  arsenic. 

Theblack  flux  employed  in  the  processes  for  reducing  arsenic, is  prepared  by 
deflafi^rating  a  mixture  of  bitartrate  of  potassa  with  rather  less  than  half  its 
weight  of  nitre.  The  nitric  and  tartaric  acids  undergo  decomposition  and  the 
solid  product  is  charcoal  derived  from  tartaric  acid,  and  pure  carbonate  of  po- 
tassa. As  it  contains  a  deliquescent  salt,  it  should  be  kept  in  well  stopped  .bot- 
tles. When  this  substance  is  employed  in  the  reduction  of  arsenious  acid  or  its 
salts,  the  charcoal  is  of  coarse  the  decomposing  agent ;  but  the  alkali  is  of 
use  in  retaining  the  arsenious  acid  until  the  temperature  is  sufficiently  high 
for  its  decomposition.  With  sulphuret  of  arsenic,  on  tlie  contrary,  l]be 
alkali  is  the  active  principle,  the  potassium  of  which  unites  with  sulphur 
and  liberates  the  arsenic;  but  the  charcoal  operates  usefully  by  facilitating 
the  decomposition  of  the  alkaline  carbonate.  The  whole  of  the  arsenic, 
however,  is  not  sublimed ;  but  part  of  it  enters  into  union  with  potassium, 
and  remains  with  the  flux. 

Arsenic  Acid. — This  compound  is  made  by  dissolving  arsenious  acid  in  con* 
ccntrated  nitric,  mixed  with  a  little  hydrochloric  acid,  distilling  in  glass  till  it 
acquires  the  consistence  of  syrup,  and  then  exposing  it  in  a  platinum  cruci- 
ble for  some  time  to  a  heat  somewhat  short  of  low  redness  to  expel  the 
nitric  acid.  The  acid  thus  prepared  has  a  sour  metallic  taste,  reddens 
vegetable  blue  colours,  and  with  alkalies  forms  neutral  salts,  which  are 
termed  araeniates.  It  is  much  more  soluble  in  water  than  arsenious  acid, 
dissolving  in  five  or  six  times  its  weight  of  cold,  and  in  a  still  smaller  quantity 
of  hot  water.  It  forms  irregular  grains  when  its  solution  is  evaporated,  but 
does  not  crystallize.  If  strongly  heated  it  fuses  into  a  glass  which  is  deli- 
quescent When  urged  by  a  very  strong  red  heat  it  is  resolved  into  oxygen 
&nd  arsenious  acid.    It  is  an  active  poison. 

Arsenic  acid  is  decomposed  by  hydrosulphuric  acid  gas,  and  yields  a  sul- 
phuret of  arsenic  very  like  orpiment  in  colour,  but  containing  a  greater 
proportional  quantity  of  sulphur.  The  soluble  arscniates,  when  mixed  with 
the  nitrates  of  lead  and  silver,  form  insoluble  arseniatos,  the  former  of  which 
has  a  white,  and  the  latter  a  brick-red  colour.  They  dissolve  readily  in 
dilate  nitric  acid,  and  when  heated  with  charcoal  yield  metallic  arsenic. 

Protochloride  of  Araenic. — It  is  prepared,  according  to  Dumas,  by  intro- 
dacing  into  a  tubulated  retort  a  mixture  of  arsenious  acid  with  ten  times 
its  weight  of  concentrated  sulphuric  acid;  and  afler  raising  its  temperature 
to  near  212^,  fragments  of  sea-salt  arc  thrown  in  by  the  tubular.  If  the  salt 
is  added  in  successive  small  portions,  scarcely  any  hydrochloric  acid  gas 
is  evolved,  and  the  pure  chloride  may  be  collected  in  cooled  vessels.  Towards 
the  end  of  the  process  a  little  water  frequently  passes  over  with  the  chloride ; 
but  this  hydrated  portion  does  not  mix  with  the  anhydrous  chloride,  but 
swims  on  its  sur&ce.  The  hydrate  may  be  decomposed,  and  a  pure  chlo- 
ride obtained,  by  distilling  the  mixture  from  a  sufficient  quantity  of  concen- 
trated sulphuric  acid.  Dumas  considers  tliis  compound  a  protochloride  of , 
arsenic,  so  that  it  is  probably  different  from  that  obtained  by  means  of  cor- 
rosive sublimate.    (Quarterly  Journal  of  Science,  N.  S.  i.  235.) 

SeBquicUoride  of  Araenic, — When  arsenic  in  powder  is  thrown  into  a  jar 
full  of  dry  chlorine  gas,  it  takes  fire  and  sesquichloride  of  arsenic  is  gene- 
rated ;  and  the  same  compound  may  be  formed  by  distilling  a  mixture  of 
six  parts  of  corrosive  sublimate  with  one  of  arsenic.  It  is  a  colourless  vola- 
tile liquid,  which  fumes  strongly  on  exposure  to  the  air,  hence  calledyimiifig' 
liquor  of  araenic,  and  is  resolved  by  water  into  hydrochloric  and  arsenious 
acids.    (Dr;  Davv.) 

Periodide  of  Araenie  is  formed  by  bringing  its  elements  into  contact,  and 
promoting  union  by  gentle  heat    They  Form  a  deep-red  compound,  which 
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M  resolired  into  anenic  and  hydriodic  acids  by  the  action  of  water.   (Plitioa 
in  An.  de  Ch.  et  de  Ph.  zzxiz.  266.) 

Setquiltromide  of  Araenie. — ^The  elements  of  thb  compound  unite  at  the 
moment  of  contact,  with  vivid  evolution  of  heat  and  light  Serulhs  prepared 
it  by  adding  dry  arsenic  to  bromine  as  long  as  light  was  emitted,  the  former 
being  added  in  successive  small  quantities,  to  prevent  the  temperature  from 
rising  too  high.  The  bromide  is  then  distilled,  and  collected  hi  a  cool  re- 
ceiver.   (An.  de  Ch.  et  de  Ph.  xxxviii.  318.) 

This  compound  is  solid  at  or  below  68^,  liquifies  between  68^  and  77^, 
and  boils  at  428^.  As  a  liquid  it  is  transparent  and  slightly  yellow,  and 
yields  long  prisms  by  evaporation.  By  water  it  is  resolved  into  arsenious  and 
Lydrobromic  acids. 

PrUokyduret  of  Arovait. — ^This  compound,  which  is  solid  and  of  a  brown 
colour,  was  discovered  by  Davy  as  well  as  Gay-Lussac  and  Thenard.  The 
former  prepared  it  by  attaching  a  piece  of  arsenic  to  the  negative  wire  during 
the  decomposition  of  water  by  galvanism ;  and  the  French  chemists,  by  the 
action  of  water  on  an  alloy  of  potassium  and  arsenic. 

AntniuTtiitd  Hydrogren. — This  gas,  which  was  discovered  by  Scheele, 
bai  been  studied  by  Proust,  Trommsdorf,  and  others,  but  especially  by 
Stromeyer.  It  is  generally  made  by  digesting  an  alloy  of  tin  and  arsenic  in 
hydrochloric  acid ;  but  as  thus  prepared  it  is  always  mixed  with  free  hydro- 
gen. Soubeiran  generated  it  by  fusing  arsenie  with  its  own  weight  of 
granulated  zinc,  and  decomposing  the  alloy  with  strong  hydrochloric  acid. 
The  gas,  thus  developed,  is  quite  free  from  hydrogen,  being  absorbed  without 
residue  by  a  saturated  solution  of  sulphate  of  oxide  of  copper.  Its  sp.  gravity, 
according  to  Dumas,  is  2.695.  It  is  colourless,  and  has  a  fetid  odour  like 
that  of  garlic.  It  extinguishes  bodies  in  combustion,  but  is  itself  kindled  by 
them,  and  burns  with  a  blue  flame.  It  instantly  destroys  small  animals  that 
are  immersed  in  it,  and  is  poisonous  to  man  in  a  high  degree,  having  proved 
fttal  to  a  German  philosopher,  the  late  M.  Gehlen.  Water  absorbs  one-fiflh 
of  its  volume,  and  acquires  the  odour  of  the  gas.  It  wants  altogether  the 
properties  of  an  acid. 

Arseniuretted  hydrogen  is  decomposed  by  various  agents.  It  suffers  gra- 
dual decomposition  when  mixed  with  atmospheric  air,  water  being  formed, 
and  metallic  arsenic,  together  with  a  little  oxide,  deposited.  With  nitric 
acid,  water  is  generated,  and  a  depoeitc  of  metal  takes  place,  which  is  sub- 
sequently oxidized.  Chlorine  decomposes  it  instantly  with  disengagement  of 
heat  and  light,  hydrochloric  acid  being  generated,  and  the  metal  set  free. 
With  iodine  it  yields  hydriodic  acid  gas  and  iodide  of  arsenic,  and  sulphur 
and  phosphorus  produce  analogous  changes.  By  its  action  on  salts  of  the 
easily  reducible  metals,  such  as  silver  and  gold,  the  metal  is  revived,  and 
its  oxygen  uniting  with  the  elements  of  the  gas  constitutes  arsenious  acid 
and  water.  With  salts  of  copper  the  products  are  water  and  arseniuret  of 
copper;  and  with  several  other  metallic  salts  its  action  is  similar. 

Soubeiran  observed  that  arseniuretted  hydrogfen  in  a  glass  tube  is  com- 
pletely decomposed  by  the  heat  of  a  spirit-lamp,  and  that  its  hydrogen  oc- 
cupies one  and  a  half  as  much  space  as  when  in  combination.  He  has  also 
confirmed  the  observation  of  Dumaji  that  when  mixed  with  oxygen,  and 
detonated  by  the  electric  spark,  each  volume  of  the  gas,  in  forming  water 
and  arsenious  acid,  requires  one  and  a  half  its  volume  of  oxygen  gas.  The 
oxygen,  therefore,  is  equally  divided  between  the  arsenic  and  hydrogen ;  and 
arseniuretted  hydrogen  consists  of  one  equivalent  of  arsenic  and  one  and  ft 
half  of  hydrogen.  By  volume,  it  is  composed  of  quarter  of  a  volume  of  the 
vapour  of  arsenic,  and  one  and  a  half  of  hydrogen,  condensed  into  one  volume. 
(An.  de  Ch.  et  de  Ph.  xliii.  407.) 

Sulphureta  rf  Aroenie. — Sulphur  unites  with  arsenie  in  at  least  three  pro- 
portions, forming  compounds,  two  of  which  occur  in  the  mineral  kingdom, 
and  are  well  known  by  the  names  of  realgar  and  orpiment.  Realgar  or 
the  protomlphurei  may  be  formed  artificially  by  heating  arsenious  acid  with 
about  half  its  weight  of  sulphur,  until  the  mixture  is  brought  into  a  state 
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of  perfect  fusion.  The  cooled  mass  is  crystalline,  transparent,  and  of  a  mby 
red  colour ;  and  may  be  sublimed  in  close  vessels  without  change. 

Orpiment,  or  aet^iMulphyret  of  arsenic,  may  be  prepared  by  fusing  to- 
gether  equal  parts  of  arsenious  acid  and  sulphur ;  but  the  best  mode  of  ob- 
taining it  quite  pure  is  by  transmitting  a  current  of  hydrosulphuric  acid  gas 
through  a  solution  of  arsenious  acid.  Orpiment  has  a  rich  yellow  colour, 
fuses  readily  when  heated,  and  becomes  crystalline  on  cooling,  and  in  close 
Teaseb  may  be  sublimed  without  change.  It  is  dissolved  with  great  facility 
by  the  pure  alkalies,  and  yields  colourless  solutions. 

Orpiment  is  employed  as  a  pigment,  and  is  the  colouring  principle  of  the 
paint  called  King^9  yellow,  Braoonnot  has  proposed  it  likewise  for  dyeing 
silk,  woolen,  or  cotten  stuffs  of  a  yellow  colour ;  the  cloth  being  soaked  in  a 
solution  of  orpiment  in  ammonia,  and  then  suspended  in  a  warm  apartment. 
The  alkali  evaporates,  and  leaves  the  orpiment  permanently  attached  to  the 
cloth.    (An.  de  Gh.  et  de  Ph.  zii.) 

Penulpkuret  of  arsenic  is  prepared  by  transmitting  hydrosulphuric  acid 
gas  through  a  moderately  strong  solution  of  arsenic  acid ;  or  by  saturating 
s  solution  of  arseniate  of  potassa  or  soda  with  the  same  gas,  and  acidulating 
with  hydrochloric  or  acetic  acid.  The  oxygen  of  the  acid  unites  with  the 
hydrogen  of  the  gas,  and  presulphuret  of  arsenic  subsides.  In  colour  it  is 
very  similar  to  orpiment,  is  dissolved  by  pure  alkalies,  fuses  by  heat,  and 
may  be  sublimed  in  close  vessels  without  decomposition. 

The  experiments  of  Orfila  have  proved  thai  the  sulpburets  of  arsenic  are 
poisonoos,  though  in  s  much  less  degree  than  arsenious  acid.  The  precipi- 
taled  solphuret  is  more  injurious  than  native  orpiment. 


SECTION  XVII. 

CHROMIUM-— VANADIUM. 
CHROMIUM. 

Chromium*  was  discovered  in  the  year  1797  by  Vauqnelin  iu  a  beautiful 
red  mineral,  the  native  dichroroate  of  oxide  of  lead.  (An.  de  Ch.  xxv.  and 
Ixz.)  It  has  since  been  detected  in  the  mineral  called  ehr ornate  of  iron,  a 
compound  of  the  oxides  of  chromium  and  iron,  which  occurs  abundantly  in 
several  parts  of  the  continent,  in  America,  and  at  Unst  in  Shetland. 
(Hibbert) 

Metallic  chromium  may  be  obtained  by  exposing  its  oxide  mixed  witli 
charcoal  to  the  most  intense  heat  of  a  smith*s  forge ;  but  owing  to  its  Ftrong 
affinity  for  oxygen,  the  reduction  is  extremely  difficult  A  better  process, 
that  of  Vauquelin,  is  to  mix  the  dry  chloride  into  a  paste  with  oil,  place  the 
mass  in  a  crucible  lined  with  charcoal,  lute  on  a  cover,  and  to  expose  it  for 
an  hour  to  a  very  strong  heat  As  thus  obtained  chromium  has  a  white 
colour  with  a  shade  of  yellow,  and  a  distinct  metallic  lustre.  It  is  a  brittle 
metal,  very  infusible,  and  with  difficulty  attacked  by  acids,  even  by  the  nitro- 
hydrochloric.  Its  sp.  gravity  has  been  stated  at  5.9 ;  but  Thomson  found  it 
a  little  above  5.  When  fused  with  nitre  it  is  oxidized,  and  converted  into 
chromic  acid.  Liebig  has  obtained  the  metal  in  the  form  of  a  black  powder, 
which  acquires  the  metaUic  aspect  from  pressure,  by  heating  the  compound 
of  terchloride  of  chromium  and  ammonia  to  redness,  and  transmitting  over  it 
dry  ammoniacal  gas :  the  chlorine  unites  with  the  hydrogen  of  the  ammonia, 
hydrochloric  acid  and  nitrogen  gases  are  evolved,  and  pulverulent  chromium 

*  X{.^«  eoioiir,  from  its  remarkable  tendency  to  form  coloured  com- 
pounda. 
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rnnting.  A  stiU  more  eoovenient  procea  ig  to  decompose  the  fsesqaichloride 
bj  heat  and  ammoniaca]  gas,  in  which  case,  the  metal  has  a  chocolate-brown 
colour.  In  this  finely  divided  state,  it  takes  fire  when  heated  in  the  open  air. 
(An.  de  Ch.  et  de  Ph.  zlviii.  297.) 

Chromium  unites  with  oxjgen  in  two  proportions,  forming  the  green 
oxide  and  chromic  acid.  From  the  experiments  of  Berzelius  and  Thomson 
the  equivalent  of  chromic  aeid  may  be  estimated  at  53;  and  as  the  salts  of 
this  acid  are  isomorphoiis  with  the  sulphates  and  scleniatcs,  it  is  inferred 
that  chromic  acid  has  tlie  same  atomic  constitution  as  sulphuric  and  selenlc 
acids,  or  consists  of  one  atom  of  chromium  and  three  atoms  of  oxygen. 
Berzelius  has  moreover  remarked,  that  when  the  acid  is  converted  into  the 
green  oxide  of  chromium,  it  parts  with  exactly  half  of  its  oxygen.  Hence 
24  deducted  from  52,  leaves  28  as  the  equivalent  of  chromium.  The  com- 
pOBition  of  its  compounds  described  in  ^is  section  is  as  follows : — 

Chromium.  Equiv.  Formulas, 

^de         [^  2eq.+0xygen  24      3eq«  80      2Cr+30orCr. 

^add'^      [28  leq.+     do        24      3eq.=  52      Cr+30  or  Cr. 

dhSide       1 56  2  eq.-fChlor.  106.26  3  eq.=162iJ6  2Cr +  3a  or  CraCl*. 

^Ide*^^      (28  1  eq.+  da     106.26  3 eq«  134.26  Cr+3C1  or  CrQ^. 

Scjjuifluo-  Lg  2  eq.+Fluor.  56.04  3  eq.  =112.04  2Cr+3For  CrsFS. 

Terfluoride    28  1  eq.+    do.     56.04  3eq.=  84.04  Cr-f  3F  or  CrF3. 

^Sret"^'    i56  2  eq.+Sulph.  48.3  3eq.=104.3    2Cr+3S  or  CrsSs. 

^huret**^  [28    1  eq.4-Pho8ph.l5.7  1  eq.=  43.7   Cr+PorCrP. 

SeMquioxide  of  Chromium. — ^This,  the  only  known  oxide  of  chromium,  is 
prepared  by  dissolving  chromate  of  potassa  in  water,  and  mixing  it  with  a 
solution  of  nitrate  of  protoxide  of  mercury ;  when  an  orange-coloured  pre- 
cipitate, chromate  of  that  oxide,  subsides.  On  heating  this  salt  to  redness 
in  an  earthen  crucible,  the  mercury  is  dissipated  in  vapour,  and  the  chromic 
acid  is  resolved  into  oxygen  and  oxide  of  chromium. 

Oxide  of  chromium  is  of  a  green  colour,  exceedingly  infusible,  and  suffers 
no  change  by  heat.  It  is  insoluble  in  water,  and  afler  being  strongly  heated, 
resists  Uie  action  of  the  most  powerful  acids.  Deflagrated  witL  nitre,  or 
fused  with  chlorate  of  potassa,  it  is  oxidized  to  its  maximum,  and  is  thus  re- 
converted into  chromic  acid.  Fused  with  borax  or  vitreous  substances,  it 
communicates  to  them  a  beautiful  green  colour,  a  property  which  affords  an 
excellent  test  of  its  presence,  and  renders  it  exceedingly  useful  in  the  arts. 
The  emerald  owes  its  colour  to  the  presence  of  this  oxide. 

Oxide  of  chromium  is  a  salifiable  base,  and  its  salts,  which  have  a  green 
colour,  may  easily  be  prepared  in  the  following  manner.  To  a  boiling  so- 
lution of  chromate  of  potassa  in  water,  equal  measures  of  strong  hydro* 
chloric  acid  and  alcohol  are  added  in  successive  small  portions,  untU  th«  red 
tint  of  the  chromic  acid  disappears  entirely,  and  the  liquid  acquires  a  pure 
green  colour.  On  pouring  an  excess  of  pure  ammonia  into  this  solution,  a 
pale  green  bulky  hydrate  subsides,  whidi  consists  of  one  equivalent  of  the 
oxide  and  twenty -six  equivalents  of  water.  (Thomson.)  The  oxide,  in  this 
state,  is  readily  dissolved  by  acids.  On  expelling  the  water  by  heat,  the  sud- 
den approximation  of  the  particles,  which  abruptly  occurs  at  a  certain  tem- 
perature, causes  such  intense  evolution  of  heat  that  the  whole  mass  becomes 
vividly  incandescent 

The  anhydrous  oxide  is  formed  when  bichromate  of  potassa  is  briskly 
boiled  with  sugar  and  a  little  hydrochloric  acid.  At  fint  a  brown  matter 
&lla,  consisting  of  the  acid  and  oxide  of  chromium ;  bin  subsequently  th« 
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{freen  oxide  appears  in  the  §6tm  of  a  finely  divided  powder.  If  the  bichro- 
mate^ and  sogar  are  employed  without  hydrochloric  acid,  the  brown  matter 
ia  the  only  solid  product,  and  on  boiling  this  compound  with  a  little  carbo- 
nate of  potassa,  a  greenish-blue  carbonate  of  chromium,  of  a  very  fine  colour, 
is  obtained.  For  this  mode  of  preparation  I  am  indebted  to  my  late  pupil, 
Mr.  Thomas  Thomson,  of  Clitheroe,  near  Manchester. 

Cknmie  Acid, — ^This  acid  is  best  prepared  by  transmitting  the  gaseous 
fluoride  of  chromium  into  water  contained  in  a  vessel  of  silver  or  platinum, 
when  by  mutual  decomposition  of  the  gas  and  the  water,  hydrofluoric  and 
chromic  acids  are  generated :  the  former  is  then  expelled  by  evaporating  the 
solution  to  dryness,  and  the  latter  in  a  pure  state  remains.  If  the  gas  is  con- 
ducted into  a  silver  vessel  which  is  only  moistened  with  water,  and  the  aperture 
of  which  Is  closed  by  a  piece  of  moist  paper,  the  chromic  acid  is  obtained  in 
the  form  of  acicolar  crystals  of  a  cinnabar-red  colour,  which  are  so  volumi- 
nous and  abundant  as  to  fill  the  interior  of  the  vessel.  Another  method  of 
preparing  chromic  acid  has  been  suggested  by  M.  Arnold  Maus,  which  con- 
sists in  decomposing  a  hot  concentrated  solution  of  bichromate  of  potassa  by 
silicated  hydrofluoric  acid.  The  chromic  acid,  afler  being  separated  from 
the  sparingly  soluble  fluonde  of  silicium  and' potassium,  is  evaporated  to 
dryness  in  a  platinum  capsule,  and  then  redissolved  in  the  smallest  possible 
quantity  of  water.  By  this  means  the  last  portions  of  the  double  salt  are 
rendered  insoluble,  and  the  pure  chromic  acid  may  be  separated  by  dccanta- 
tion.  The  acid  must  not  be  filtered  in  this  concentrated  state,  as  it  then 
corrodes  paper  like  sulphuric  acid,  and  is  converted  into  chromatc  of  the 
green  oxide  of  chromium.  When  it  is  wished  to  prepare  a  lorge  quantity  of 
chromic  acid  by  this  process,  porcelain  vessels  may  be  safely  employed  in 
the  first  part  of  the  operation,  provided  care  is  taken  to  add  a  quantity  of 
silicated  hydrofluoric  acid  not  quite  sufficient  for  precipitating  the  whole  of 
the  potassa.     (Edinburgh  Journal  of  Science,  viii.  1 75.) 

This  acid  was  formerly  prepared  by  digesting  chromate  of  baryta  or 
oxide  of  lead  in  dilute  sulphuric  acid,  the  quantity  of  the  latter  being  regu- 
lated with  the  view  of  decomposing  the  chromate  without  being  in  excess. 
A  dark  ruby-red  solution  is  thus  obtained,  which  by  evaporation  yields  irre- 

£ular  crystals,  and  was  supposed  to  contain  pure  chromic  acid ;  but  Gay- 
lUssac  showed  that  the  acid  when  thus  procured  is  never  pure,  being  inti- 
mately combined  witli  sulphuric  acid.  On  endeavouring  to  expel  the  latter 
by  heat,  the  chromic  acid  itself  yields  oxygen,  and  is  more  or  less  completely 
converted  into  sulphate  of  the  green  oxide. 

Pure  dry  chromic  acid  is  black  while  warm,  and  of  a  dark  red  colour 
when  cold.  It  is  very  soluble  in  water,  rendering  it  red  or  yellow  according 
to  the  degree  of  dilution ; — when  the  solution  is  concentrated  by  heat  and  allow- 
ed to  cool,  it  deposites  red  crystals,  which  deliquesce  readily  in  the  air.  In 
alcohol  it  is  also  soluble,  but  the  action  of  heat  or  light  causes  its  conversion 
into  the  green  oxide.  Its  taste  is  sour,  and  with  alkalies  it  acts  as  a  strong 
acid.  It  is  converted  into  the  green  oxide,  with  evolution  of  oxygen,  by  ex- 
posure to  a  strong  heat  It  yields  a  chloride  when  boiled  with  hydrochloric 
acid  and  alcohol,  and  the  direct  solar  rays  have  a  similar  eflTect  when  hydro- 
chloric acid  is  present :  the  mutual  action  sets  chlorine  free,  and  hence  the 
solution  acquires  the  property  of  dissolving  gold.  With  sulphurous  acid  it 
forms  a  sulphate  of  the  oxide ;  and  it  is  more  or  less  completely  converted 
into  the  oxide  by  being  boiled  with  sugar,  starch,  or  various  other  organic 
principles.  It  destroys  the  colour  of  indigo,  and  of  most  vegetable  and 
animal  colouring  matters;  a  property  advantageously  employed  in  calico- 
printing,  and  which  manifestly  depends  on  the  facility  with  which  it  is  de- 
prived of  oxygen. 

Chromic  acid  is  characterized  by  its  colour,  and  by  forming  coloured  salts 
with  alkaline  bases.  The  most  important  of  these  salts  is  chromate  of  oxide 
of  lead,  which  is  found  native  in  small  quantity,  and  is  easily  prepared  bv 
mixing  chromate  of  potassa  with  a  soluble  salt  of  lead.    It  is  of  a  rich  yel- 
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low  ooloor,  and  is  emplojed  in  the  tits  of  painting  and  dyeing  to  great  ex- 
tent 

^  When  tulphuroai  add  gia  ia  transmitted  into  a  solution  of  chromate  or 
bichromate  of  potassa,  a  broarn  precipitate  aubeidea,  which  was  long  regard- 
ed as  a  distinct  oxide  of  chromium ;  but  Dr.  Thomson  has  proved  that  it  is 
the  green  oxide  combined  with  a  little  chromic  acid.  The  acid  may  in  a 
great  measure  be  washed  away  by  means  of  water,  and  by  ammonia  it  is 
entirely  removed ;  but  the  best  mode  of  separating  it,  is  to  dissolve  the  brown 
matter  with  hydrochloric  add,  and  then  precipitate  the  green  oxide  by  am- 
monia. The  brown  compound  may  be  formed  by  boiling  a  solution  of  bichro- 
mate of  potassa  with  alcohol;  and  it  is  also  rapidly  generated,  when 
bichromate  of  potassa  is  gently  boiled  with  sugar  and  a  very  little  hydro- 
chloric  acid. 

8e§quiehloride  of  Chromium. — It  is  prepared  by  transmitting  dry  chlorine 
gas  over  a  mixture  of  oxide  of  chromium  and  charcoal  heated  to  redness  in 
a  tube  of  porcelain ;  when  the  sesquichloride  gradually  collects  as  a  crystalline 
sublimate  of  a  peach-purple  colour,  which  in  thin  layers  is  transparent,  but 
in  thicker  masses  is  opaque.  Another  method  is  to  evaporate  the  green  iolu- 
tion  of  this  chloride  gently  to  dryness  at  a  temperature  of  212^,  when  a  green 
powder  remains,  consisting  of  one  eq.  of  the  sesquichloride  and  three  eq.  of 
water  (Cr*  CI>-f.3H),  theae  elements  being  exactly  in  tlie  ratio  to  form 
sesquioxide  of  chromium  and  hydrochloric  acid.  On  raising  the  temperature 
above  213^,  no  water  ivdost  until  it  reaches  400° :  the  powder  then  begins  to 
■well  up  from  the  escape  of  water,  the  colour  changes  from  green  to  the  red 
of  peach-blossoms,  and  pure  sesquichloride  remains.  This  part  of  the  pro- 
cess should  be  conducted  in  a  tube  from  which  air  is  excluded  by  a  current 
of  dry  carbonic  acid  |ras.  These  phenomena  are  quoted  by  Liebig  as  favour- 
ing the  notion  that  tne  green  aolntion  and  powder  are  a  hydrochlorate  of 
an  oxide  and  not  a  chloride  witli  water. 

The  sesquichloride  of  chromium  dissolves  slowly,  forming  a  deep  green 
solution.  The  same  ma^  be  prepared  by  directly  dissolving  the  hydrated 
oxide  in  hydrochloric  acid ;  or  by  digesting  chromate  of  oxide  of  lead  in 
strong  hydrochloric  acid,  adding  a  litUe  alcohol  from  time  to  time  to  promote 
the  deoxidation  of  chromic  acid,  and  then  separating  the  resulting  chloride 
of  chromium  from  that  of  lead  by  strong  alcohol,  which  together  with  any 
excess  of  hydrochloric  add  is  ultimately  expelled  by  evaporating  to  dryness. 
Traces  of  lead  which  may  have  been  dissolved  are  easily  precipitated  by 
hydrosulphuric  acid. 

Terehloride  of  Chromium — ^This  compound  is  formed  by  the  action  of 
fuming  sulphuric  acid  on  a  mixture  of  about  equal  weights  of  chromate  of 
oxide  of  lead  and  chloride  of  sodium  ;  or  by  fusing  bichromate  of  potassa 
with  twice  its  weight  of  chloride  of  sodium,  breaking  the  mass  into  coarse 
fragments,  and  decomposing  by  fuming  sulphuric  acid  aided  by  gentle  heat 
The  same  chancre  ensues  as  in  the  formation  of  terfluortde  of  chromium, 
and  a  red  vapour  passes  over^  which  is  readily  condensed  into  a  heavy  vola- 
tile liquid  of  the  same  colour.  It  yields  abundant  red  vapours  when  exposed 
to  the  air,  and  is  instantly  decomposed  by  water,  yielding  a  solution  of  hy- 
drochloric and  chromic  acids.  It  was  discovered  by  Unverdorben  at  the 
same  time  with  tcrfluoride  of  chromium. 

Seoquijluoride  of  Chromium  is  formed  by  dissolving  the  oxide  in  hydro- 
fluoric acid,  and  evaporating  the  solution  to  dryness,  when  the  sesquifluoride 
remains  as  a  green  crystalline  residue,  which  is  solul^le  in  water. 

Ttrfluoride  of  Chromium. — When  a  mixture  of  3  parts  of  floor  spar  and 
4  of  chromate  of  oxide  of  lead  is  distilled  with  5  parts  of  fugiing  or  even 
common  sulphuric  acid  in  a  leaden  or  silver  retort,  a  red-coloured  f^aa  is 
disengaged,  which  acts  rapidly  upon  glass,  with  deposition  of  chromic  acid 
and  formation  of  fluosilicic  acid  fr^.  It  is  decomposed  by  water,  and  the 
solution  is  found  to  contain  a  mixture  of  hydrofluoric  and  chromic  adds. 
The  watery  vapour  of  the  atmosphere  effects  its  decomposition ;  so  that  when 
mixed  with  air,  red  fumes  appear,  owing  to  the  separation  of  minute  crystals 
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of  ehroRiie  acid.  Iti  oompontioD  !■  inftrred  iWnii  tb«  produeU  which  it 
fbnoB  with  water ;  since 

I  eq.  terflaoride    &    3  eq.  water    S     1  eq.  chromic  &  3  eq.  hydrofl.  acid. 

Cr+3F;  3(H+0)     «  Cr  +  30  3(H+F). 

The  red  ooloar  ofterfluoride  of  chromium  naturally  excites  the  suspidoa 
that  the  ^as  itself  may  consist,  not  of  fluoride  of  chromium,  but  of  hydroflu- 
oric and  chromic  acids ;  and  its  production  by  means  of  hydrou$  sulphuric 
acid  is  consistent  with  this  idea.  But  since  the  g^M  may  also  be  rormed 
from  f!aor  spar,  chromate  of  oxide  of  lead,  and  anhydrou9  sulphuric  acid,  it 

II  clear  that  this  view  is  inadmissible.  The  changes  which  accompany 
Che  formation  of  the  gas  will  be  apparent  on  comparing  the  fbnnidsB  of  the 
ingredients  used  and  of  the  products  obtained.    Thus, 

leq.  chromate  ox.  lead  4  eq.  real  sulphuric  acid  3  eq.  fluor  spar 

(Pb+0)+(Cr+30),  4(S+30),  3(Ca+F), 

yield  by  mutual  reaction 
1  eq.  terfluoride  of  chromium ;  1  eq.  sulphate  ox.  lead ;  3  eq.  sulphate  of  lime. 

Cr + 3F ;  Pb + S ;  3(Ca + S). 

This  gas  was  discovered  in  the  year  1825  by  M.  Unverdorben.  (Ed. 
Journal  of  Science,  iv.  129.) 

Sesquiaulpkuret  of  Chromium  may  be  formed  by  transmitting  the  vapour 
of  bisulphuret  of  carbon  over  oxide  of  chromium  at  a  white  heat;  by  heating 
in  close  vessels  an  intimate  mixture  of  sulphur  and  the  hydrated  oxide;  by 
fusing  the  oxide  with  a  persulphuret  of  potassium,  and  dissolving  the  soluble 
parts  in  water ;  or  by  transmitting  hydrosulphuric  acid  gas  aided  by  heat 
over  the  sosquichloride  of  chromium.  It  cannot  be  prepared  in  the  moist 
way.  It  is  of  a  dark  gray  colour,  and  acquires  metallic  lustre  by  friction  in 
a  mortar.  It  is  readily  oxidized  wlien  heated  in  the  open  air,  and  is  dissolved 
by  nitric  or  nitro-h>-drochloric  acid. 

Protophosphuret  of  Chromium. — ^Rose  prepared  this  compound  by  acting 
on  the  sosquichloride  of  chromium  by  phospburetted  hydrogen  gas  at  a  rea 
heaL    By  mutual  interchange  of  elements 

1  eq.  sesquichloride        2  Cr.f  3C1  S  2  eq.  phosphuret  2(Ct+V) 

dt  1  eq.  phosph.  hyd.        3H4-2P    '^Sc3  eq.  hydrochloric  acid  3(H  4.CI) 

This  phosphuret  is  black,  insoluble  in  hydrochloric  acid,  feebly  attacked  by 
nitric  and  nitro-hydrochloric  acid,  and  burns  before  the  blowpipe  with  a 
flame  of  phosphorus. 

.  Another  phosphuret  of  a  gray  colour  may  be  formed  by  exposing  the 
phosphate  of  oxide  of  chromium  to  a  strong  heat  in  a  covered  crucible  lined 
with  charcoal.    Its  composition  is  unknown. 

VANADIUM. 

Vanadium,  so  called  from  Vanadis,  the  name  of  a  Scandinavian  Deity, 
was  discovered  in  the  year  1830  by  Professor  SefstrOm,  of  Fahlun,  in  iron 
prepared  from  the  iron-oro  of  Jabcrg  in  Sweden.  The  state  in  which  it 
occurs  in  the  ore  is  unknown ;  but  SefHtrOm  separated  it  from  the  iron  by 
dissolving  the  latter  in  hydrochloric  acid,  when  a  black  powder  came  into 
view  containing  a  small  quantity  of  vanadium,  together  with  iron,  copper, 
cobalt,  silica,  alumina,  and  lime.  He  aAerwards  found  a  more  abundant 
source  in  the  slag  or  cinder  formed  during  the  conversion  of  the  cast-iron 
of  Jaberg  into  malleable  iron.  Soon  after  SefstrOm*s  discovery,  the  same 
metal  was  found  by  Mr.  Johnston,  of  Durham,  in  a  mineral  from  Wanlock- 
head  in  Scotland,  where  it  occurs  as  a  vanadiate  of  oxide  of  lead.  A  similar 
mineral,  found  at  Zimapan  in  Mexico,  was  examined  in  the  year  1801  by 
Professor  del  Rio,  whoi  in  the  belief  of  having  discovered  a  new  metal,  gaxo 
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it  the  ntine  of  Erythronium^  apparently  from  the  red  colour  of  its  acid ;  bat 
aa  M.  Collet  Dencotils,  on  being  appealed  to,  declared  the  mineral  to  be 
chromate  of  lead,  del  Rio  abandoned  his  own  opinion  in  deference  to  a 
higher  authority.  Thua  have  three  persons  noticed  the  existence  of  vana- 
dium, without  the  knowledge  of  each  other's  labours;  but  the  merit  of  being 
the  first  discoverer  is  fairly  due  to  Professor  SefstrOm.* 

From  the  slag  above  mentioned  vanadic  acid  may  be  obtained  by  the  follow- 
ing process,  contrived  by  Sef&trOm  and  improved  by  Berzeliup.  The  slag  in 
fine  powder,  mixed  with  its  own  weight  of  nitre  and  twice  its  weight  of 
carbonate  of  potassa,  is  strongly  ignited  for  the  space  of  one  hour.  The 
soluble  parts  are  then  removed  by  boiling  water,  and  the  solution,  after 
being  filtered  and  neutralized  with  colourless  nitric  acid,  is  precipitated  by 
chloride  of  barium  or  acetate  of  lead.  The  precipitate,  which  consists  of 
vanodiate  and  phosphate  of  baryta  or  oxide  or  lead,  zirconia,  alumina,  and 
silicic  acid,  is  decomposed,  while  still  moist,  by  digestion  with  strong  sul- 
|>huric  acid ;  to  the  decp-red  solution  alcohol  is  then  added,  when  by  con- 
tinued digestion  ether  is  disengaged,  and  all  the  vanadic  acid  converted  into 
the  aalifiable  oxide,  the  solutions  of  which  are  blue ; — a  change  effected  in 
order  the  more  completely  to  remove  the  vanadic  acid  from  the  insoluble 
matters.  The  blue  liquid  is  then  evaporated,  and  when  it  acquires  a  syrupv 
consistence,  it  is  mixed  in  a  platinum  crucible  with  a  little  hydrofluoric  acid, 
and  sharply  heated  in  an  open  fire.  By  this  means  the  silicic  acid,  which 
can  only  be  got  rid  of  in  this  way,  is  converted  into  the  gaseous  fluoride  of 
silicium,  the  sulphuric  acid  expelled,  and  the  oxide  reconverted  into  the  acid 
of  vanadium. 

The  vanadic  acid  still  contains  phosphoric  acid,  alumina,  and  zirconia. 
For  its  further  purification  it  is  fused  with  nitre  added  in  successive  small 
portions,  until,  on  cooling  a  small  quantity,  the  red  tint  is  found  to  have 
di^ppeared.  In  this  process  the  acid  of  the  nitre  is  displaced  by  the  phos- 
phoric  and  vanadic  acids,  the  object  being  to  cause  those  acids  to  unite  with 
potassa  without  employing  an  excess  of  nitre.  The  vanadiate  and  phosphate 
of  potassa  are  then  taken  up  by  as  small  a  quantity  of  water  as  will  suffice, 
and  into  the  filtered  liquid  a  piece  of  sal  ammoniac,  larger  than  can  be  dis. 
solved  by  it,  is  introduced  :  as  it  dissolves,  vanadiate  of  ammonia,  insoluble 
in  a  saturated  solution  of  sal  ammoniac,  subsides  as  a  white  poWder,  leaving 
the  phosphoric  acid  in  ^he  liquid.  The  vanadiate  of  ammonia  should  be 
first  washed  with  a  solution  of  sal  ammoniac,  and  then  with  alcohol  of 
specific  gravity  0.86. 

By  heating  this  salt  in  an  open  platinum  crucible,  vanadic  acid  is  obtain- 
ed ;  but  the  temperature  ought  to  be  kept  below  that  of  redness,  and  the 
mass  be  well  stirred  until  it  acquires  a  dark  red  colour.  Heated  in  close 
vessels  the  vanadiate  of  ammonia  is  converted  principally  into  the  salifiable 
oxide ;  though  some  of  the  protoxide  and  acid  are  mixed  with  it  With  the 
zirconia  and  alumina,  lefl  by  the  water  after  fusion  with  nitre,  some  vana- 
dium remains :  it  may  be  extracted  by  fusion  with  sulphur  and  carbonate  of 
potassa,  when  a  double  s.lphuret  of  vanadium  and  potassium  is  generated, 
which  is  soluble  in  water.  On  adding  sulphuric  acid  to  the  solution,  sul- 
phuret  of  vanadium  is  precipitated. 

The  preparation  of  vanadium  from  the  native  vanadiate  of  lead  is  much 
less  complicated  than  the  process  above  described.  It  suffices  to  dissolve 
the  ore,  as  Mr.  Johnson  advises,  in  nitric  acid,  and  to  precipitate  the  lead 
by  hydroBulphuric  acid,  which  also  throws  down  any  arsenic  that  may  be 
present  As  vanadic  acid  is  deoxidized  by  hydrosulphuric  acid,  a  blue  solu- 
tion is  formed ;  but  by  evaporating  to  dryness,  the  acid  is  reproduced.  The 
residue  is  then  dissolved  by  a  solution  of  ammonia,  and  the  vanadiate  of 
ammonia  precipitated  as  before  by  a  piece  of  sol  ammoniac   "The  vanadic 

♦  Phil.  Mag.  and  Annals,  x.  321.  An.  de  Ch.  et  de  Ph.  xhiL  337.  Brew- 
■ter*s  Journal,  r.  3ia  N.  &    PoggendorCs  Annalen,  xzii.  1. 
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acid  is  that  sepwated  from  araentc,  phospboric,  and  hydrochlorie  acidi,  with 
which  in  the  ore  of  Wanlockbead  it  is  generally  asaociated. 

The  attempts  of  Bcrzelius  to  reduce  vanadic  acid  to  the  metallic  state  by 
the  agency  of  bj^drogen  or  charcoal  at  high  temperatures  proved  unsuccess- 
ful, as  the  protoxide  alone  was  obtained.  He  procured  the  metal,  however,  in 
the  form  of  heavy  black  powder,  by  placing  fragment  of  fused  vanadio  acid 
and  potassium  of  equal  size  in  alternate  layers  in  a  porcelain  crucible,  the  po- 
tassium being  in  the  largest  proportion :  a  cover  was  then  luted  on,  and  heat 
applied  by  means  of  a  spirit-lamp.  The  reduction  took  place  suddenly  and 
with  violence ;  and  when  the  mass  had  cooled,  the  potassa  and  redundant 
potassium  were  separated  bv  water.  But  Bcrzelius  succeeded  better  by  a  pro- 
cess similar  to  that  of  H.  Kose  for  procuring  metallic  titanium.  The  liquid 
chloride  of  vanadium  is  introduced  into  a  glass  bulb  blown  in  a  barometer 
tube,  and  through  it  is  transmitted  dry  ammoniacal  gas  until  a  white  saline 
mass  is  produced,  during  the  formation  of  which  the  gas  is  rapidly  absorbed, 
and  heat  disengaged.  A  spirit-lamp  flame  is  then  applied,  which  expels  a 
quantity  of  hydrochloratc  of  ammonia,  and  metallic  vanadium  is  left  ad- 
hering to  the  interior  of  the  bulb.  The  production  of  hydrochloric  acid  in 
obviously  owing  to  chlorine  leaving  the  vanadium  and  uniting  with  the 
hydrogen  of  part  uf  the  ammonia. 

The  pulverulent  vanadium,  produced  by  means  of  potassium,  has  but  little 
of  the  tenacity  and  appearance  of  a  metal ;  though  under  strong  pressure  it 
assumes  a  lustre  like  that  of  graphite.  Heated  in  the  open  air  to  com- 
mencing redness  it  takes  fire,  and  is  converted  into  the  black  protoxide.  It 
conducts  electricity  however,  and  is  strongly  electro-negative  in  relation  to 
zinc  As  procured  by  Rosens  process,  the  vanadium  has  a  strong  metallic 
lustre  and  a  white  colour  considerably  resembling  stiver,  but  still  more  like 
molybdenum.  It  is  so  extremely  brittle  that  it  cannot  be  removed  from  the 
glass  bulb  without  falling  into  powder.  It  is  not  oxidized  either  by  air  or 
water ;  although  by  coutmued  exposure  to  the  air  its  lustre  gradually  grows 
weaker,  and  it  acquires  a  reddish  tint  It  is  not  dissolved  by  boiling  sul- 
phuric, hydrochloric,  or  hydrofluoric  acid ;  but  by  nitric  and  nitro-hydro- 
chloric  acid  it  is  attacked,  and  the  solution  has  a  beautiful  dark  blue  colour. 
It  is  not  oxidized  by  being  boiled  with  caustic  potassa,  nor  by  carbonated 
alkalies  at  a  red  heat. 

The  equivalent  of  vanadium,  according  to  the  analysis  of  its  oxides  by 
Berzclius,  is  68.5;  and  its  compounds  described  in  this  section  are  thus 
constituted : — 


Vanadium. 


E>]uiv. 


FormulsB. 


Protoxide       68.5    1  eq.+Oxygcn       8        1  cq,=»  76.5      V-fO  or  Y. 


Binoxide        68.5    I  eq.4-do. 


16        2  eq.«  84.5      V+20  or  V. 


Vanadic  acid  68.5 
Bichloride  68.5 
Terchloride  68.5 
Bibromide  68.5 
Bisulphuiet  68.5 
Ter8ulphuret68.5 


.4- do. 


24        3eq.«  92.5  V-f  30  or  V. 

eq.4-Chlorine  70.81  2  eq.=  139.34  V-f  2C1  or  VCt» 

do.  |06i26   3  cq.=  174.76  V-f  3C1  or  VCl^ 

+  Bromine  1 56.8     2  eq  =  225.3  V+2Br  or  VBi:« 

Sulphur    325     2eq.=  100.7  V+2S  or  VS\ 

do.  48.3     3eq.=  116,8  V-f  3S  or  VS\ 


1  eq.- 

1 

leq.. 
1  eq.- 
1  eq. 
leq, 


Protoxide. — ^Tljis  compound  is  readily  formed  from  vanadic  acid  by  the 
combined  agency  of  heat  and  charcoal  or  hydrogen  gas.  By  means  of  the 
latter  Berzclius  found  that  the  reduction  is  effected  as  perfectly  at  a  tempe^ 
rature  short  of  ignition,  as  at  the  strongest  heat  of  a  wind  furnace.  When 
prepared  from  fused  vanadic  acid,  the  protoxide  retains  the  crystalline  struc- 
ture of  the  acid,  and  has  a  black  colour  and  a  semi-metallic  lustre ;  but  it  in 
easily  broken  down  into  a  fine  black  powder.  When  rendered  coherent  by 
compression  it  possesses  a  property  very  unusual  in  oxides,  that  of  conduct- 

31» 
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Ing  electricity,  and  in  relation  to  xinc  of  being  as  strongly  electro-negatiTe 
as  silver  or  copper. 

Thb  oxide  u  very  infusible.  When  heated  in  open  Tessels  it  takes 
fire  and  burns  like  tioder,  being  converted  into  the  binoxide.  On  exposure 
to  air  and  moisture  it  is  slowly  oxidized^  a  process  which  is  best  seen  by 
putting  it  into  water,  when  the  liquid  gradually  acquires  a  green  tint.  In 
both  cases  the  oxygen  is  derived  from  the  atmosphere.  A  similar  chan^ 
occurs  in  acid  and  alkaline  solutions,  which,  with  the  exception  of  nitric 
acid,  do  not  dissolve  it  even  at  a  boiling  temperature.  Heated  in  nitric  acid, 
oxidation  soon  ensues  with  escape  of  nitric  oxide  gas,  and  a  blue  nitrate  of 
the  binoxide  of  vanadium  is  generated.  The  character  of  an  alkaline  base 
seems  wholly  wanting  in  the  protoxide,  and  hence  Benelius  considers  it  as 
a  mhoxide. 

Binoxide. — ^This  oxide  is  best  prepared,  in  the  dry  way,  by  heating  to  full 
redness  an  intimate  mixture  of  10  parts  of  the  protoxide  with  12  of  vanadic 
acid  in  a  vessel  filled  with  carbonic  acidy  or  from  which  combustible  matter 
on  the  one  hand,  and  oxygen  gas  on  the  other,  are  carefully  excluded.  From 
the  salts  of  the  binoxide,  and  especially  the  sulphate,  it  is  precipitated  as  a 
ffrayuh-white  hydrate  by  means  of  a  very  slight  excess  of  carbonate  of  soda. 
The  residual  solution  is  colourless  when  the  process  has  been  properly 
conducted :  it  remains  blue,  from  undecompoeed  salt,  if  an  insufficient  quan- 
tity of  alkali  is  used;  it  is  brown  when  the  alkaline  carbonate  is  too  freely  em- 
ployed, because  some  of  the  binoxide  is  then  dissolved  by  the  free  alkali ;  and  if 
the  solution  contained  vanadic  acid,  its  colour  after  precipitation  is  green. 
The  presence  of  the  latter  is  avoided  by  transmitting  hydrosulphuric  acid 
gas  into  the  solution,  whereby  vanadic  acid  is  cfiectually  converted  into  the 
binoxide,  but  the  redundant  gas  should  be  expelled  by  gentle  heat  before  the 
oxide  is  precipitated.  As  the  hydrate,  while  moist,  readily  absorbs  oxygen, 
and  hence  acquires  a  tint  of  brown,  it  must  be  washed  and  dried  without 
exposure  to  the  air.  When  thus  prepared  it  retains  its  gray  tint  By  ex- 
posore  to  heat  in  a  vessel  from  which  the  air  is  excluded,  it  gives  out  water, 
and  acquires  all  the  characters  of  the  oxide  prepared  in  the  dry  way. 

The  binoxide  of  vanadium  is  a  black  pulverulent  substance,  very  infusi- 
ble, insoluble  in  water,  and  free  from  any  acid  or  alkaline  reaction.  When 
heated  in  the  open  air,  it  is  converted  into  vanadic  acid,  and  when  moist  it 
gradually  suffers  the  same  change  at  ordinary  temperatures.  It  is  dissolved 
by  acids  more  readily  as  a  hydrate  than  after  being  heated  to  redness,  and 
forms  salts,  most  of  which  have  a  blue  colour,  and  are  more  or  less  soluble  in 
water.  They  may  all  be  conveniently  formed  by  the  direct  action  of  acids 
on  the  hydrated  oxide.  The  nitrate  may  be  mode  by  acting  on  vanadium, 
or  either  of  its  oxides,  by  nitric  acid ;  the  salt,  when  diluted  with  water,  may 
be  boiled  without  change ;  but  when  evaporated,  even  spontaneously,  the 
blue  colour  passes  through  green  into  red,  owin^  to  the  production  of  vanadic 
acid.  The  sulphate  is  eaHily  prepared  by  dissolving  vanadic  acid  in  warm 
sulphuric  acid  diluted  with  an  equoJ  weight  of  water,  decomposing  the 
vanadic  acid  by  hydrosulphuric  acid,  concentrating  tlie  solution  in  order 
that  the  salt  may  be  deposited,  and  washing  away  adhering  sulphuric  acid 
by  means  of  alcohol.  The  dcoxidation  of  vanadic  acid  in  the  preceding 
process  may  also  be  effected  by  adding  pure  oxalic  acid  as  long  as  carbonic 
acid  gas  is  evolved. 

The  salts  of  the  binoxide  of  vanadium  are  distinguished  by  their  blue  colour, 
by  yielding  with  tlie  alkalies  or  their  carbonates  in  "very  slight  excess  the 
hydrated  binoxide,  which  becomes  red  by  oxidation,  and  by  forming  with 
solution  of  gall-nuts  a  black  compound,*  a  tannatc  of  the  binoxide,  very  simi- 
lar to  ink. 

The  binoxide  is  disposed  to  act  the  part  of  an  acid  by  uniting  with  alkaline 
bases,  with  which  it  forms  definite  and  in  some  cases  crystalline  compounds. 
On  diffesting  the  hydrated  binoxide  in  pure  potassa  or  ammonia,  combination 
is  readily  e&cted,  and  a  dark  brown  solution  is  formed.  These  compounds, 
mu^h  soluble  in  water,  are  very  sparingly  so  in  strong  and  cold  alkaline 
■olntions,  and  may  be  precipitated  by  them.  Most  of  the  other  saiU  formed  fay 
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the  binozide  and  salifiable  bases  are  iosoluble  in  water,  and  may  be  fmrn- 
ed  firom  theprecedio?  by  way  of  double  decomposition. 

Vanadie  Acid, — When  vanadiate  of  ammonia,  prepared  as  already  men- 
tioned, (page  364,)  is  heated  in  close  vessels,  the  acid  is  decomposed  by  the 
hydrogen  of  the  ammonia,  and  binoxide  of  vanadium  is  formed,  mixed  with 
a  little  protoxide  and  undecom posed  acid.  If  the  salt  is  heated  in  an  open 
vessel,  and  well  stirred,  the  whole  mass  acquires  a  dark  red  colour,  and  pure 
▼anadic  acid  is  obtained ;  but  a  red  heat  should  be  avoided,  since  fusion 
would  tiiereby  be  occasioned,  ahd  free  exposure  of  every  part  to  the  atmo- 
sphere prevented.  Ita  colour  in  the  state  of  fine  powder  is  a  light  rust-yellow ; 
but  the  fused  acid  is  red  with  a  shade  of  orange,  and  has  a  strong  lustre.  By 
liffhi  transmitted  through  thin  layers  it  appears  yellow.  In  the  fire  it  is  fuL- 
ed,  and  is  not  decomposed  by  a  very  strong  heat,  provided  combustible  mat- 
ers are  excluded.  It  fuses  at  a  heat  lower  than  that  of  redness,  and  crystal- 
lizes readily  as  it  cools.  In  the  act  of  becoming  solid  it  contracts  consider, 
ably  in  volume,  and  emits  so  much  heatof  fluidity  that  the  acid,  afler  ceasing 
to  be  luminous,  is  again  rendered  incandescent,  and  remains  so  until  the 
concrelation  is  complete. 

Anadic  acid  is  tasteless,  insoluble  in  alcohol,  and  very  slightly  soluble  in 
water,  which  takes  up  rather  less  than  1-1 000th  of  its  weight,  acquiring  a 
yellow  colour  and  an  acid  reaction  Heated  with  combustible  matter  it  is 
deoxidized,  being  converted  into  the  protoxide  or  binoxide,  or  mixtures  of 
these  oxides.  In  solutions  it  is  deprived  of  oxygen  by  all  deoxidizing  agents, 
such  as  alcohol,  sugar,  and  most  organic  substances,  including  the  oxalic  and 
several  vegetable  acids,  by  hydrosulphuric  acid  and  most  of  the  other 
hydracids,  not  excepting  the  hydrochloric,  by  sulphurous  and  phosphorous 
acids,  and  even  by  nitrous  acid.  Like  molybdic  and  tungstic  acids,  it  is  dis- 
posed to  act  as  a  base  to  such  of  the  stronger  acids  as  do  not  decompose  it, 
and  to  form  with  them  definite  compounds,  which  are  soluble  in  water.  It 
unites  on  this  principle  with  sulphuric  and  phosphoric  acid ;  and  Berzelius 
has  remarked  a  compound  of  the  phosphoric,  silicic,  and  vanadie  acids,  a 
sort  of  double  salt,  in  which  the  latter  acid  is  a  base  to  the  two  former,  and 
which  crystallizes  in  scales :  it  is  formed  in  SefstrOm*s  process  for  preparing 
vanadie  acid  (page  364),  and  its  solubility  opposes  a  great  obstacle  to  the 
separation  of  vanadie  from  silicic  aeid. 

Vanadie  acid  unites  with  salifiable  bases  oflen  in  two  or  more  proportions, 
forming  soluble  salts  with  the  alkalies,  and  in  general  sparingly  soluble  salts 
with  the  other  metallic  oxides.  Those  with  excess  of  acid  are  commonly  of 
a  red  or  orange-red  colour.  Most  of  the  neutral  salts  are  yellow ;  but  it  is 
singular  that  the  neutra)  vanadiates  of  the  alkalies,  the  alkaline  earths,  and 
the  oxides  of  lead,  zinc,  and  cadmium  may  be  yellow  at  one  time  and  colour- 
less at  another  witliout  suffering  any  appreciable  chnnge  in  composition. 
Thus,  on  neutralizing  vanadie  acid  with  ammonia  a  yellow  salt  is  obtained, 
the  solution  of  which  gradually  becomes  colourless  if  kept  for  some  hours, 
and  suffers  the  same  change  rapidly  when  heated.  The  solution,  as  it  is 
coloured  or  colourless,  gives  a  yellow  or  white  residue  by  evaporation,  and  a 
yellow  or  white  precipitate  with  a  salt  of  baryta  or  oxide  of  lead.  These 
changes  appear  to  be  of  the  same  kind  as  those  already  noticed  in  the  de- 
scription of  phosphoric  acid. 

Vanadie  acid  unites  in  different  proportions  wHh  binoxide  of  vanadium, 
and  forms  compounds  which  are  soluble  in  pure  water  but  sparingly  so  in 
■aline  solutions,  and  which  are  purple,  green,  yellow,  or  orange,  according 
as  the  acid  is  in  a  smaller  or  larger  proportion.  They  are  best  formed  by 
exposing  the  hydrated  binoxide  to  the  atmosphere,  when  these  different 
cmours  successively  appear,  as  a  gradually  increasing  quantity  of  the  acid  is 
generated. 

Vanadie  acid  is  distinguished  from  all  other  acids  except  the  chromic  by 
its  colour,  and  from  this  acid  by  the  action  of  deoxidizing  substances,  which 
frive  a  blue  solution  with  the  former  and  a  green  with  the  latter.  (Page  361.) 
When  heated  with  horttx  in  the  reducincr  flame  of  the  blowpipe,  both  '^^  *^'* 
acids  yield  a  green  glass  ;  but  in  the  oxidizing  flame  the  bead  becor 
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if  vBiiadittiii  if  present,  while  the  green  colour  produced  by  chrominm  ie 
permanent 

CklorideB, — The  bichloride  u  prepared  by  digesting  a  mixture  of  the 
Ysnadio  and  hydrochloric  acids,  deoxidizing  any  undecoinposed  Yanadic  acid 
by  hydrosulpharic  acid,  and  evaporating  tJie  solution  to  dryness.  A  brown 
residue  is  obtained^  which  yields  a  blue  solution  with  water,  part  being  left 
u  an  insoluble  subsalt.  It  may  also  be  generated  by  acting  directly  on  the 
ignited  binozide  with  strong  hydrochloric  acid.  As  thus  obtained  its  sola- 
tion  is  brown  instead  of  blue,  though  in  composition  it  seems  identical  with 
the  preceding. 

The  terehSnide  may  be  formed  by  transmitting  a  current  of  dry  chlorine 
gis  over  a  mixture  of  protoxide  of  vanadium  and  charcoal  heated  to  low  red- 
ness, when  the  tcrchloride  passes  over  in  vapour,  and  condenses  in  the  fbroi 
of  a  yellow  liquid,  from  which  free  chlorine  may  be  removed  by  a  current  of 
dry  air.  It  is  converted  by  water  into  hydrochloric  and  vanadic  acid,  and  at- 
mospheric humidity  produces  the  same  change,  which  is  indicated  by  the 
escape  of  red  fumes. 

A  bihromide  of  vanadium  may  be  formed  in  the  same  manner  as  the  bi- 
chloride, substituting  the  hydrobromic  for  hydrochloric  acid.  Similar  com- 
pounds may  be  procured  with  iodine,  fluorine,  and  cyanogen,  by  dissolving 
binoxide  of  vanadium  in  hydriodic,  hydrofluoric,  and  hydrocyanic  acid. 

Sulpkureta, — When  the  binoxide  of  vanadium  is  heated  to  redness  in  a 
current  of  hydrosulphuric  acid  gas,  it  is  converted  into  protoxide,  and  both 
water  and  sulphur  are  obtained  :  on  continuing  the  process  the  protoxide  is 
decomposed,  hydrogen  gas  and  water  pass  over,  and  bisulphuret  of  vanadium 
is  generated.  This  compound  may  also  be  procured  by  mixing  hydroeul- 
phate  of  ammonia  with  a  salt  of  the  binoxide  of  vanadium  until  the  precipi- 
tate  at  first  formed  is  rcdissolved,  and  then  decomposing  the  deep  purplc- 
eoloured  solution  by  sulphuric  or  hydrochloric  acid.  The  bisulphuret  of  a 
brown  colour  subndes,  which  becomes  black  when  it  is  dried.  It  is  un- 
changed at  common  temperatures  by  exposure  to  the  air,  but  takes  fire 
when  heated.  In  the  hydrated  state  it  is  dissolved  by  alkalies  and  alkaline 
■ulpfaurets;  but  it  is  insoluble  in  acids,  with  the  exception  of  the  nitric  and 
nitro-hydrocliloric,  by  which  it  is  converted  into  sulphate  of  the  binoxide. 

When  hydrosulphurio  acid  gas  is  transmitted  through  an  aqueous  solution 
of  vanadic  acid,  a  grayish-brown  precipitate  is  formed,  consisting  of 
hydrated  binozide  of  vanadium  mixed  mechanically  with  sulphur.  But  if  a 
solution  of  vanadic  acid  in  bydrosulphate  of  amraooia  is  acidulated  by 
hydrochloric  or  sulphuric  acid,  the  hydrated  tersulphuret  of  vanadium  sub- 
sides. Its  colour  is  of  a  much  lighter  brown  than  the  bisulphuret,  becomes 
almost  black  in  drying,  and  is  resolved  by  a  red  heat  in  close  vessels  into 
the  bisulphuret,  with  loss  of  water  and  sulphur.  It  is  soluble  in  alkalies 
and  alkaline  solphurcU*,  and  is  oxidized  by  nitric  acid. 

The  phosphurct  of  vanadium,  of  a  Icadon-gray  colour,  may  be  formed  by 
exposing  to  a  white  heat  phosphate  of  the  binoxide  of  vanadium  mixed  with 
a  small  quantity  of  sugar. 


SECTION  XVIII. 

MOLYBDENUM.— TUNGSTEN.-COLUMBIUM. 

MOLYCDENUM. 

When  native  sulphuret  of  molybdenum,  in  fine  powder,  is  digested  in 
nitro-hydrochloric  acid  until  the  ore  is  completely  decomposed,  and  the 
Msidue  is  briskly  heated  in  order  to  expel  sulphuric  acid,  molybdic  acid  re- 
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mains  in  the  ibnn  of  a  white  heavy  powder.  From  this  aci4  metallic  molyb- 
denum may  be  obtained  by  expoeingr  it  with  charcoal  to  the  strongeat  heat 
of  a  smithes  forffe ;  or  by  condactin^  over  it  a  current  of  hydro^n  gai 
while  aCrongly  heated  in  a  tube  of  porcelain.  (Berxelius.)  The  sulphuret, 
which  was  long  mistaken  for  graphite,  was  distinguished  in  1778  by 
Scfaeele ;  but  the  metal  was  first  obtained  in  a  separate  state  by  Hjelm.  It 
likewise  occurs  in  nature  in  tbe  form  of  roolybdate  of  oxide  of  lead. 

Molybdenum  is  a  brittle  metal,  of  a  white  colour,  and  so  yery  infusible, 
that  hitherto  it  has  only  been  obtained  in  a  state  of  semi-fusion.  In  this 
form  it  has  a  specific  gravity  varying  between  8.615  and  8.636.  When 
heated  in  open  vessels  it  absorbs  oxygen,  and  is  converted  into  molybdie 
acid ;  and  the  same  compound  is  generated  by  the  action  of  chlorine  or 
nitro-hydrochloric  acid.  It  has  three  degrrees  of  oxidation,  forming  two 
oxides  and  one  acid,  from  the  composition  of  which  Berzelius  estimates  the 
equivalent  of  molybdenum  at  47.7.  The  composition  of  its  compounds 
described  in  this  section  is  as  follows  :— 

Molybdenum.  Equiv.    Formulc 

Protoxide         47.7  1  eq.+Ox/gen      8      1  eq.s  55.7    Mo^-OorMo. 

Binoxide  47.7  1  eq.4.do.  16      2eq.=  63.7   Mo+20orMo. 

Molybdie  acid  47.7  1  eq.+do.  24      3eq.r=  71.7    Mo+30orMo. 

Protochloride   47.7  1  eq.+Chlorine  35.42  1  eq.»  83.12  Mo4-€l  or  Mod. 
Bichloride        47.7  1  eq  4.do.  70.84  2  eq.=:118.54  Mo+SCl  or  MoCls. 

Terchloride      47.7  1  eq.4.do.  106.26  3  eq.=  153.96  Mo4.3Clor  MoClS. 

Bisulphurct      47.7  1  eq^-Sulphur    32i2   2eq.=  79.9    Mo^2SorMoS9. 
Tersulphuret   47.7  1  eq  J.do.  48.3   3eq.==  96      M04.3S  or  MoS3. 

Persulphuret    47.7  1  e<].4.do.  64.4    4eq.=  U2.1    M04.4S  or  MoS«. 

Protoxide  of  Molyhdenum,  On  dissolving  molybdate  of  potassa  or  soda 
in  a  small  quantity  of  water,  adding  hydrochloric  acid  until  tbe  molybdie 
acid  at  first  thrown  down  is  redissolvcd,  and  digesting  with  a  piece  of  pure 
metalHc  zinc,  the  latter  deoxidizes  the  molybdie  acid,  the  liquid  chants  to 
blue,  Tcd^  and  black,  and  then  contains  chloride  of  zinc  and  protochloride  of 
molybdenum.  From  the  black  solotion  pure  potassa  throws  down  the  pro- 
toxide of  molybdenum  as  a  black  hydrate,  an  excess  of  the  alkali  being  used 
in  order  to  hold  the  zinc  in  solution.  The  hydrate  is  washed  with  the  least 
possible  exposure  to  the  air,  and  dried  in  vacuo  by  sulphuric  acid.  ^  When 
heated  to  low  redness  in  the  open  air,  it  takes  fire  and  is  converted  into  the 
binoxide;  but  if  not  exposed  to  the  air,  it  becomes  incandescent  at  the  mo- 
ment of  losing  its  water,  like  hydrated  oxide  of  chromium.  The  anhydrous 
oxide  is  black  and  insoluble  in  acids ;  but  in  the  state  of  hydrate  acids  dis- 
solve  it.  The  recently  precipitated  hydrate  is  soluble  in  the  cold  by  carbo- 
nate of  ammonia,  but  in  none  of  the  other  alkalies. 

Binoxide  of  Molybdenum, — It  is  obtained  as  a  deep  brown  anhydrous 
powder  by  mixing  molybdate  of  soda  with  half  its  weight  of  sal  ammoniac 
in  fine  powder,  projecting  the  mixture  into  a  red-hot  crucible  which  is  to  bo 
instantly  covered,  and  the  heat  continued  until  vapours  of  sal  ammoniac 
cease  to  appear.  In  this  process  chloride  of  sodium  is  generated,  and  mo- 
lybdie acid  is  reduced  by  the  ammonia  to  the  state  of  binoxide  :  by  addinff 
water  to  the  mass  when  cold,  chloride  of  sodium  is  dissolved,  and  the  dark 
brown,  nearly  black,  binoxide  left.  The  hydrate,  of  a  rust-brown  colour, 
may  be  formed  by  digesting  molybdenum  in  powder  with  molybdie  add 
dissolved  in  hydrochloric  acid,  until  the  liquid  acquires  a  deep  red  colour, 
and  then  adding  ammonia ;  or  by  adding  ammonia  to  a  solution  of  the 
bichloride;  or  digesting  with  metallic  copper  a  solution  of  molybdie  in 
hydrochloric  acid  until  a  deep  red  solution  is  formed,  and^  employing  an  ex* 
cess  of  ammonia  in  order  to  keep  oxide  of  copper  in  solution. 
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The  anhydrooi  binoxida  ii  tnaoluble  in  acids  and  is  changed  intomolybdic 
acid  by  •trong  nitric  acid.  The  hydrate  is  yerj  like  hydrated  peroxide  of 
iron,  reddens  litmus  paper  when  placed  un  it,  is  dissolved  bv  acids  with 
which  it  forms  red  salts,  is  insoluble  in  the  alkalies,  but  dissolves  in  alka^ 
line  carbonates.  It  is  soluble,  though  sparingly,  in  pure  water,  so  that  it 
should  be  washed  aAer  precipitation  by  a  solution  of  sal  ammoniac,  which 
nit  is  afterwards  removed  by  sloohoL  On  exposure  to  the  air  the  hydrate 
abeorbs  oxygen  and  becomes  blue  at  its  surface:  this  blue  compound  is 
more  soluble  in  water  than  the  hydrate,  and  was  supposed  by  Buchholx  to 
be  a  distinct  acid,  which  he  termed  nuilyhdou9  add;  but  Berzelins  has 
shown  that  it  is  a  bimolybdate  of  the  binoxide.  (Berxelius.) 

MUMw  Acid  — When  sulphuret  of  molybdenum  is  roasted  in  an  open 
emdble  kept  at  a  low  red  heat,  and  oonsUnily  stirred  until  sulphurous  acid 
ceases  to  escape,  a  dirty  yellow  powder  is  left,  which  contains  impure 
mdlybdic  acid.  The  acid  is  taken  np  by  ammonia  and  the  filtered  solution 
evaporated  to  drjmess ;  it  is  again  taken  up  by  water,  a  little  ammonia  being 
added,  and  filtered ;  and  it  is  then  purified  by  crystallization.  On  heating 
gently  in  an  open  platinum  crucible,  taking  care  to  prevent  ftision,  the  am- 
monia is  expelled,  and  pure  acid  remains.  It  is  also  obtained  by  oxidixing 
the  binoxide  with  nitric  acid. 

Mdybdic  acid,  as  thus  formed,  is  a  white  powder,  of  sp.  gravity  3.49, 
fusible  by  a  red  heat  into  a  yellow  liquid,  which  bears  a  strong  red  heat  in 
closed  vessels  without  subliming,  but  in  an  open  crucible  rises  with  the  cur- 
rent of  air,  and  collects  on  cold  sur^ces  in  colourless  crystalline  scales. 
It  requires  570  times  its  weight  of  water  for  solution,  which  nevertheless 
has  an  acid  reaction;  It  is  soluble  in  Uij  alkalies,  forming  colourless  mdyb- 
dates,  from  which  molybdic  acid  is  precipitated  by  the  stronger  acids, 
thoufrh  an  excess  of  the  acids  dissolves  it ;  but  after  exposure  to  a  red  heat 
it  is  msoluble  in  acids. 

Ckhride9, — Berxelius  has  described  three  chlorides  of  molybdenum  which 
are  analogous  in  composition  to  the  oxides.  The  prolochlortde  is  formed  by 
dissolving  the  hydrated  protoxide  in  hydrochloric  acid,  forming  a  deep 
nearly  black  coloured  solution,  which  leaves  a  black  viscid  mass  by  evapora. 
tion. 

The  hiehloride  is  obtained  as  above  mentioned,  and  yields  a  red  solution. 
It  is  obtained  in  the  anhydrous  state  by  gently  heating  molybdenum  in 
powder  in  dry  chlorine  gas,  atmospheric  sir  being  excluded.  The  metal 
takes  fire  at  its  surface,  but  it  is  soon  extinguished,  after  which  the  chlorine 
is  replaced  by  a  red  vapour  of  such  intensity  that  it  is  completely  opaque  in 
a  vessel  |  of  an  inch  in  diameter :  this  vapour  condenses  in  the  cooler  parts 
of  the  apparatus  in  brilliant  black  crystals  just  like  those  of  iodine,  which 
are  very  fusible,  and  sublime  at  a  gentle  heat.  Exposed  to  dry  oxygen  gas, 
it  is  transformed  gradually  into  terchloride  of  molybdenum  and  molybdic 
add ;  so  that 

3  eq.  bichloride  and  3  eq.  oxygen  IS   2  cq.  terchloride  and  1  eq.  molybdic  acid. 
3(Mo+2Cl)  30  -2       2(Mo+3CI)  Mo+.30. 

With  water  the  bichloride  acts  violently  fi'om  the  intense  heat  evolved, 
and  the  whole  is  dissolved. 

The  terchloride  is  obtained  in  solution  by  dissolving  molybdic  in  hydro- 
chloric  acid ;  and  in  the  anhydrous  state  by  heating  molybdic  acid  in  a  cur- 
rent of  dry  chlorine  gas.  It  is  white  with  a  shade  of  yellow,  sublimes  at  a 
heat  short  of  redness  and  condenses  in  crystalline  acales,  and  is  soluble  in 
water  and  alcohol. 

Smlphwret9» — Molybdenum  combines  with  sulphur  in  three  proportions. 
The  fewest  grade  is  the  bintlphurei^  which  is  the  most  common  ore  of  mo- 
lybdenum and  is  usually  associated  with  ores  of  tin,  has  a  lead-gray  colour 
and  metallic  lustre  resembling  graphite,  for  which  it  was  formerly  mistaken. 
Its  density  varies  fr«m  4138  to  4469.  It  bears  a  strong  heat  in  close  ▼essela 
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withoat  change  or  fbsion ;  bat  it  is  oxidised  by  nitric  acid  or  bj  the  Joint 
action  of  heat  and  air. 

The  Urtulnhuret  is  obtained  b^  saturating^  roolybdate  of  potassa,  soda,  or 
ammonia  witn  hjdrosulphuric  acid  gas,  and  adding  hydrochloric  acid,  when 
the  tersnlpburet  falk  of  a  deep  brown  colour,  whidi  becomes  Uack  on  dry- 
inff.  It  is  partially  oxidized  when  dried  in  the  air.  fiy  heat  in  close  vessels 
it  IS  changed  into  the  bisulphuret  with  loas  of  sulphur. 

The  perwulphuret  is  made  by  boiling  the  sulphur-salt  formed  of  tersulphn- 
ret  of  molybdenum  and  sulphuret  of  potassium  for  a  long  time  with  the  bisul- 
phuret of  molybdenum,  when  a  precipitate  collecu  which  is  to  be  well  washed 
with  cold  water.  It  is  a  sulphur-Balt  composed  of  persulphuret  of  raolybde- 
nnm  and  sulphuret  of  potassium,  which  forms  with  boiling  water  a  deep 
red  solution,  from  which  on  the  addition  of  hydrochloric  acid  the  persulphu- 
ret  subsides. 

TUNGSTEN. 

It  derives  its  name  from  the  Swedish  words  Tung  Steii,  heaty  tione^  from 
the  density  of  its  ores ;  and  it  is  called  wolfram  from  the  mineral  of  that 
name,  which  is  a  tungstate  of  the  oxides  of  iron  and  man|;anese.  This  metal 
may  be  procured  in  the  metallic  state  by  exposing  tungstic  acid  to  the  action 
of  charcoal  or  dry  hydrogen  gas  at  a  red  heat ;  but  though  the  reduction  is 
easily  effected,  an  exceedingly  intense  temperature  is  required  for  fusing  the 
metal.  Tungsten  has  a  grayish-white  colour,  and  considerable  lustre.  It  is 
brittle,  nearly  as  hard  as  steel,  and  less  fusible  than  manganese.  Its  specific 
gravity  is  near  17.6.  When  heated  to  redness  in  the  open  air  it  takes  fire, 
and  is  converted  into  tungstic  acid ;  and  it  undergoes  the  same  change  by 
the  action  of  nitric  acid.  Digested  with  a  concentrated  solution  of  pure  po- 
tassa,  it  is  dissolved  with  disengagement  of  hydrogen  gas,  and  tungstate  of 
potassa  is  generated. 

Chemists  are  acquainted  with  two  compounds  of  this  metal  and  oxygen, 
namely,  the  dark  broum  oxide  and  the  yellow  acid  €f  tungsten  ;  and  according 
to  the  analysis  of  Berzelius,  (An.  de  Ch.  et  de  Ph.  xvii.)  the  oxygen  of  the 
former  is  to  that  of  the  latter  in  the  ratio  of  two  to  tliree.  From  the  compo- 
sition  of  the  latter,  and  assuming  that  it  contains  three  atoms  of  oxygen, 
the  equivalent  of  tungsten  is  99.7.  Its  compounds  described  in  this  section 
are  thus  constituted : — 

Tungsten.  Equiv.         Formul». 

Binoxide  99.7    1  eq.+ Oxygen    16    2eq.=115.7    W+20orW. 

Tungstic  acid  99.7  1  eq.  + ditto         24  3  eq.=  123.7    W  +  30orW. 

Bichloride        99.7  1  eq.  +  Chlor.  70.84  2  eq.=  170.54  W+2aor  WQs. 

Terchloride     99.7  1  eq.  + ditto    106.26  3  eq.=205.96  W+3C1  or  WC13. 

Bbulphuret     99.7  1  eq.  +  Sulph.    32.2  2  eq. =131.9     W+2S  or  WSa 

Tersulphuret  99.7  1  eq.  + ditto      48.3  3  eq.=483        W+3SorWS« 

Binoxide, — ^This  oxide  is  formed  by  the  action  of  hydrogen  gas  on  tungstic 
acid  at  a  low  red  heat ;  but  the  best  mode  of  procuring  it  both  pure  and  in 
quantity,  is  that  recommended  by  Wohler.  (Quarterly  Journal  of  Science,xx. 
177(.  This  process  consists  in  mixing  wolfram  in  fine  powder  with  twice  its 
weight  of  carbonate  of  potassa,  and  fusing  the  mixture  in  a  platinum  crucible. 
The  resulting  tungstate  of  potassa  is  dissolved  in  hot  water,  mixed  with 
about  half  its  weight  gf  hydrochlorate  of  ammonia  in  solution,  evaporated  to 
dryness,  and  exposed  in  a  Hessian  crucible  to  a  red  heat.  The  mass  is  well 
washed  with  boiling  water,  and  the  insoluble  matter  digested  in  dilute  potassa 
to  remove  any  tungstic  acid.  The  residue  is  oxide  of  tungsten.  It  appears 
that  in  this  process  the  tungstate  of  potassa  and  hydrochlorate  of  ammonia 
mutually  deconpose  each  other,  bo  that  the  dry  mass  consists  of  chloride  of 
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potaMium  and  tnngitate  of  ammonis.  Theelementa  of  Uie  latter  react  on  eaeh 
other  at  a  red  heat,  g^iving^  rise  to  water,  nitrogen  gas,  and  binozide  of  tang, 
aten ;  and  thia  compound  is  protected  from  oxidation  by  the  fused  chloride 
of  potassium  with  which  it  is  enveloped.  This  oxide  is  also  formed  by  putting 
longstic  acid  in  contact  with  zinc  in  dilute  hydrochloric  acid.  The  tungstic 
acid  first  becomes  blue  and  then  assumes  a  copper  colour ;  but  the  oxide  in 
this  state  can  with  difficulty  be  preserved,  as  by  exposure  to  the  air,  and  even 
under  the  sur&oe  of  water,  it  absorbs  oxygen,  and  is  reconverted  into  tung*- 
Stic  acid. 

Binoxide  of  tungsten,  when  prepared  by  means  of  hydrogen  gas,  has  a 
brown  colour,  and  when  polished  acquires  the  colour  of  copper;  but  when 
procured  by  Wohler's  process,  it  is  nearly  black.  It  does  not  unite,  so  iar 
as  is  known,  with  acids ;  and  when  heated  to  near  redness,  it  takes  fire  and 
yields  tungstic  acid, 

7\ing9tie  Acid. — A  convenient  method  of  preparing  iungstic  acid  is  by 
digesting  native  tungstate  of  lime,  very  finely  levigated,  in  nitric  acid ;  by 
wnich  means  nitrate  of  lime  is  formed,  and  tungstic  acid  separated  in  the 
form  of  a  yellow  powder.  Long  digestion  is  required  before  all  the  lime  is 
removed ;  but  the  process  is  facilitated  by  acting  upon  the  mineral  alternately 
by  nitric  acid  and  ammonia.  The  tungstic  acid  is  dissolved  readily  by  that 
alkali,  and  may  be  obtained  in  a  separate  state  by  heating  the  tungatate  of 
ammonia  to  redness.  Tungstic  acid  mav  also  be  prepared  by  the  action  of 
hydrochloric  acid  on  wolfram.  It  is  also  obtained  by  heatmg  the  brown 
oxide  to  redness  in  open  vessels. 

Tungstic  acid  is  of  a  yellow  colour,  is  insoluble  in  water,  and  has  no 
action  on  litmus  paper.  With  alkaline  bases  it  forms  salts  called  tungBtaiu^ 
which  are  decomposed  by  the  stronger  acids,  the  tungstic  acid  in  general 
&lUog  combined  with  the  acid  by  which  it  is  precipitated.  When  strongly 
heated  in  open  vessels,  it  acquires  a  green  colour,  and  becomes  blue  when  ex- 
posed to  the  action  of  hydrogen  gas  at  a  temperature  of  500^  or  600°  F. 
The  blue  compound,  according  to  Berzelius,  is  a  tungstate  of  the  binoxide 
of  tungsten ;  and  the  green  colour  is  probably  product  by  an  admixture  ol 
this  compound  with  the  yellow  acid. 

Chlorides  of  Tungsten. — According  to  Wohler,  tungsten  and  chlorine 
united  in  three  proportiooit.  When  mctalUo  tungsten  is  heated  in  chlorine 
gas,  it  takes  fire,  and  yields  the  bichloride.  The  compound  appears  in  the 
form  of  delicate  needles,  of  a  deep  red  colour,  resembling  wool,  but  more 
frequently  as  a  deep  red  fused  mass  which  has  the  brilliant  fracture  of  cin- 
nabar. When  heated,  it  fuses,  boils,  and  yields  a  red  vapour.  By  water  it 
is  changed  into  hydrochloric  acid  and  binoxide  of  tungsten.  It  is  entirely 
dissolved  by  solution  of  pure  potassa  and  disengagement  of  hydrogen  gas, 
yielding  tungstate  of  potassa  and  chloride  of  potassium.  A  similar  change  is 
produced  by  ammonia,  except  that  some  binoxide  of  tungsten  is  left  undis- 
solved. 

The  terchloride  is  generated  by  heating  the  binoxide  of  tungsten  in  chlo- 
rine gas.  The  action  is  attended  with  the  appearance  of  combustion,  dense 
fumes  arise,  and  a  thick  sublimate  is  obtained  in  the  form  of  white  scales, 
like  native  boracic  acid.  It  is  volatile  at  a  low  temperature  without  pre- 
vious fusion.  It  is  converted  by  the  action  of  water  into  tungstic  and  hydro- 
chloric acids. 

Another  chloride  has  been  described  by  Woliler.  It  is  formed  at  the  same 
time  as  the  first ;  and  though  it  is  converted  into  hydrochloric  and  tungstic 
acids  by  the  action  of  water,  and  would  thus  seem  identical  with  the  ter- 
fdilorido  in  the  proportion  of  its  elements,  its  oUier  properties  are  never- 
theless different  It  is  the  most  beautiful  of  all  these  compounds,  existing 
in  long  transparent  crystals  of  a  fine  red  colour.  It  is  very  fusible  and 
volatile,  and  its  vapour  is  red  like  that  of  nitrous  acid.  The  difference 
betweeen  this  compound  and  the  chloride  first  described  haa  not  yet  been 
discovered. 

SulphuretB  of  TungttetL — The  bioulphuret  is  obtained  as  a  bUck  powder 
by  transmitting  hydrosulphurio  acid  gas,  or  the  vapour  of  sulphur,  over 
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timgvtic  acid  heated  to  wljiteness  in  a  tube  of  porcelain.  *the  tersulpbaret 
is  prepared  bvdiasoMng  tungstic  acid  in  a  solution  of  sulphuret  of  potassiam 
or  hydroflulphate  of  ammonia,  and  adding  an  excess  of  hydrosulphuric  acid. 
It  falls  as  a  brown  precipitate,  which  becomes  black  in  drying.  It  is  soluble 
to  a  certain  extent  in  water  which  is  free  from  saline  matter. 

COLUMBIUM. 

This  metal  was  discorered  in  1801  hv  Mr.  Hatchett,  who  detected  it  in  a 
btaek  mineral  belonging  to  the  British  Museum,  supposed  to  have  come 
ftom  Massachusetts  in  North  America ;  and  from  this  circumstance  appli. 
ed  to  It  the  name  of  eolumbium.  About  two  years  after,  M.  Ekeberg,  a 
Swedish  chemist,  extracted  the  same  substance  from  tantalite  and  ffttro-tanitt^ 
Uie ;  and,  on  the  supposition  of  its  bein^  different  from  eolumbium,  described 
it  under  the  name  ot  tanialttm.  The  identity  of  these  metals,  however,  was 
established  in  the  year  1809  by  Dr.  WoUaston. 

Columbic  acid  is  with  difficulty  reduced  to  the  metallic  state  by  the  action 
of  heat  and  charcoal ;  but  Bcrzelius  succeded  in  obtaining  this  metal  by  the 
same  prooess  which  he  employed  in  the  preparation  of  zirconium  and  silicium ; 
laaraely,  by  heating  potassium  with  the  double  fluoride  of  potassium  and  colum- 
bium.  On  washing  the  reduced  mass  with  hot  water,  in  order  to  remove  the 
fluoride  of  potassium,  eolumbium  is  lefl  in  the  form  of  a  black  powder.  In 
this  state  it  does  tiot  conduct  electricity ;  but  in  a  denser  state  it  is  a  perfect 
conductor.  By  pressure  it  acquires  metallic  lustre,  and  has  an  iron-gray 
colour.  It  is  not  fusible  at  the  temperature  at  which  glass  is  fused.  When 
heated  in  the  open  air,  it  takes  fire  considerably  below  the  temperature  of 
ignition,  and  glows  with  a  vivid  light,  yielding  columbic  acid.  It  is  scarcely 
at  all  acted  on  by  the  sulphuric,  hydrochloric,  or  nitro.hvdrochloric  acid ; 
whereas  it  is  dissolved  with  heat  and  disengagement  of  hydrogen  gas  by 
hydrofluoric  acid,  and  still  more  easily  by  a  mixture  of  nitric  and  hydro- 
fluoric  acids.  It  is  also  converted  into  columbic  acid  by  fusion  with  hydrate 
of  potassa,  the  hydrogen  gas  of  the  water  being  evolved. 

From  the  experiments  of  Berzclius  on  the  composition  of  the  oxide  and 
acid  of  eolumbium,  its  equivalent  may  be  estimated  at  185.  Its  compounds 
described  in  this  section  are  thus  constituted : — 

Columbium.  Equiv.  Formule. 

Binoxide  185  1  eq.+Oxygen     16       2  eq.=201       Ta+20  or  Ta. 

Columbic  acid  185  I  eq.+     do.         24       3  cq.=209       Ta+30  or  Ta. 
Terchloride      185  1  eq.+Clilorine  10G.26  3eq.=2j)1.26  Ta+3ClorTaC13. 
Terfluoride      185  1  eq.-f  Fluorine   56.04  3eq.=241.04  Ta+SFor  TaF3. 
Sulphuret         Composition  uncertain. 

Binoxide  of  Columhium, — It  is  generated  by  placing  columbic  acid  in  a 
crucible  lined  witii  charcoal,  luting  carefully  to  exclude  atmospheric  air, 
and  exposing  it  for  an  hour  and  a  half  to  intense  heat.  iTic  acid,  where  in 
direct  contact  with  charcoal,  is  entirely  reduced ;  but  the  film  of  metal  is 
very  thin.  The  interior  portions  are  pure  binoxide  of  a  dark  gray  colour, 
very  hard  and  coliercnt.  When  reduced  to  powder  its  colour  is  dark 
brown.  It  is  not  attacked  by  any  acid,  even  by  the  nitro-hydrofluoric ;  but 
it  is  converted  into  columbic  acid  either  by  fusion  with  hydrate  of  polassa, 
or  deflagration  with  nitre.  When  heated  to  low  redness,  it  takes  fire  and 
glows,  yielding  a  light  gray  powder ;  but  in  this  way  it  is  never  completely 
oxidized.  Berzclius  stales  that  this  oxide,  in  union  witli  protoxide  of  iron 
and  a  little  protoxide  of  manganese,  occurs  at  Kimito  in  Finland,  and  may 
be  distinguished  from  the  other  ores  of  eolumbium  by  yielding  a  chcsti>ut- 
brown  powder. 

Columbic  Acid. — Columbiutti  exists  in  most  of  its  ores  as  an  acid,  united 
either  with  the  oxides  of  iron  and  manganese,  as  in  tantalite,  or  with  tlie 
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eulh  jttria,  m  in  Che  yttro-tantdite.  This  add  is  obtained  by  fbsin;  its  ore 
with  three  or  foar  times  its  weight  of  carbonate  of  potassa,  when  a  soluble 
eolanibate  of  that  alkali  results,  from  which  columbic  acid  is  precipitated 
as  a  white  hydrate  by  acids.  Bcraelius  also  prepares  it  by  fosion  with 
bisulphate  of  poCassa. 

Hydrated  columbic  acid  is  tasteless  and  insoluble  In  water;  but  when 
placed  on  moistened  litmus  paper,  it  communicates  a  red  tinge.  It  is  dis- 
solved by  the  sulphuric^  hydrochloric,  and  some  vegetable  acids ;  but  it  does 
not  diminish  their  acidity,  or  appear  to  form  definite  compounds  with  them. 
With  alkalies  it  unites  readily ;  and  though  it  does  not  neotralixe  their  pro- 
perties completely,  crystallized  salts  may  be  obtained  by  evaporation.  When 
the  hydrated  acid  is  heated  to  redness,  water  is  expelled,  and  the  anhydrous 
eolombic  acid  remains.    In  this  state  it  is  attacked  by  alkalies  only. 

Terchloride  of  Columlnum, — When  colombium  is  heated  in  chlorine  gan, 
it  takes  iire  and  bums  actively,  yielding  a  yellow  vapour,  which  condenies 
in  the  oold  parts  of  the  apparatus  in  the  form  of  a  white  powder  with  a  tint 
of  yellow.  Its  texture  is  not  in  the  least  crystalline.  By  contact  with 
water,  it  is  converted,  with  a  hissing  noise  and  mcrease  of  temperature,  into 
oolnmbic  and  hydrochloric  acids. 

Terfluoride  of  Columbium. — Hydrofluoric  acid  takes  up  hydrated  columbic 
acid,  and  forms  with  it  a  compound  of  terfluoride  of  eolumbium  and  hydro- 
fluoric acid,  which,  by  evaporation  at  76",  is  deposited  in  crystals,  which 
are  soluble  in  water  and  effervesce  in  the  air.  By  gently  evaporating  the 
solution,  an  uncrystalline  mass,  white  and  opaque,  is  left,  which  Berzdios 
considers  to  be  the  terfluoride  of  columbium.  By  water  part  of  it  is  eon- 
▼erted  into  columbic  and  hvdrofluoric  acids,  the  latter  soluble  and  the 
former  insoluble ;  but  both  of  these  acids  retain  some  terfluoride  in  combi- 
aation. 

SiUpkuret  of  Columbium. — This  compound,  first  prepared  by  Rose,  is 
generated,  with  the  phenomena  of  combustion,  when  columbium  is  heated 
to  commencing  redness  in  the  vapour  of  sulphur ;  or  by  transmitting  the 
▼apour  of  bisulphurct  of  carbon  over  columbic  acid  in  a  porcelain  tube  at  a 
white  heat,  carbonic  oxide  being  also  evolved. 


SECTION  XIX. 

ANTIMONY. 

AifTiMOirr  was  first  made  known  as  a  metal  in  the  15th  century  by  Basil 
Valentine,  and  is  said  to  derive  its  name  (an^tmotne,  antumonk)  from  having 
proved  fatal  to  some  monks  to  whom  it  was  given  as  a  medicine.  It  some- 
times occurs  native;  but  its  only  ore  which  is  abundant,  and  from  which 
the  antimony  of  commerce  is  derived,  is  the  sulphuret.  This  ore,  the 
otibium  of  the  ancients,  was  long  regarded  as  the  metal  itself,  and  was  called 
•ntimony,  or  crude  antimony;  while  the  pure  metal  was  termed  the 
r^guluo  of  aniimony. 

Metallic  antimony  may  be  obtained  either  by  heating  the  native  sulphuret 
in  a  covered  crucible  with  half  its  weight  of  iron  filings;  or  by  mixing  it 
with  two-thirds  of  its  weight  of  cream  of  tartar  and  one-third  of  nitre,  and 
throwing  the  mixture,  in  small  successive  portions,  into  a  red-hot  crucible. 
By  the  first  process  the  sulphur  unites  with  iron,  and  in  the  second  it  is  ex- 
pelled in  the  form  of  sulpharous  acid ;  while  the  fused  antimony,  which  in 
both  cases  collects  in  the  bottom  of  the  crucible,  may  be  drawn  off  and  re- 
oeived  in  moulds.  The  antimony,  thus  obtained,  is  not  absolutely  pore ; 
and,  therefore,  for  chemical  purposes,  should  be  procured  by  heating  the  ox- 
ide with  an  equal  weight  of  cream  (^tartar. 
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Antimony  is  a  brittle  metal,  of  a  white  colour  running  into  bluiBh-grar, 
and  IB  possessed  of  considerable  lustre.  Its  density  is  nearly  6.7.  At  810^ 
it  fuses,  and  on  cooling  acquires  a  highly  lamellated  texture,  and  sometimes 
fields  crystals :  like  arsenic,  but  unlike  most  other  mctab,  its  primary  form 
IS  a  rhombohedron.  It  has  the  character  of  being  a  volatile  metal ;  but 
Thenard  found  that  it  bears  an  intense  white  heat  without  subliming,  pro- 
vided atmospheric  air  be  perfectly  excluded,  and  no  gaseous  matters,  such 
as  carbonic  acid  or  watery  vapour,  be  disengaged  during  the  process.  Its 
surface  tarnishes  by  exposure  to  the  atmosphere  ;  and  by  the  continued  action 
of  air  and  moisture,  a  dark  matter  is  formed,  which  Bcrzelius  regards  as  a 
definite  compound.  It  appears,  however,  to  be  merely  a  mixture  of  the  scw- 
quioxide  and  metallic  antimony.  Heated  to  a  white  or  even  full  red  heat  in 
a  covered  crucible,  and  then  suddenly  exposed  to  the  air,  it  inflames,  and 
burns  with  a  white  light.  Durinfr  the  combustion  a  white  vapour  rises, 
which  condenses  on  cool  surfaces,  irequently  in  the  form  of  small  shining 
needles  of  silvery  whiteness.  These  crystals  were  formerly  called  argentins 
fiowers  of  antimony^  and  in  chemical  works  are  generally  described  as  anti- 
monious  acid ;  but  they  are  correctly  considered  by  Berzelius  as  the  sesqui- 
oxide. 

From  the  experiments  of  Berzelius  on  the  composition  of  the  oxide  and 
acids  of  antimony  (An.  de  Ch.  et  de  Ph.  xvii.),  the  equivalent  of  that  metal 
may  be  estimated  at  64.6.  Tiie  composition  of  its  compounds  described  in 
this  section  is  as  follows : — 

Twoeq. 
Antimony.  Equiv.        FormuUe. 

Sesquioxide  129.2  +  Oxygen       24        3  eq.=1532     2Sb+30  or  Sh. 

4  eq.=1615     2Sb+40  or  gb. 

5eq.=  1695    2Sb+50  or  Sbl 
106.26    3  eq.sr235.46  2Sb+3Cl  or  Sb2Cl 
141.68    4eq.^270.88  2Sb+4a.orSb2a4. 

5eq.=306.3    2Sb-f5Cl  orSbsClf. 


Antimoni.jj2g^_^^^ 


oas  acid 
Antimonic 

acid 
Sesqui. 

chloride 
Bichlo- 

ride 
Perchlo- 

ride 
Bromide 


(1295+ do. 
129J2+ Chlorine 


1295+ do. 


1295+ do. 


32 

40 


177.1 


Composition  uncertain. 

^^^^  j  1292+ do.  64.4 

^^P''»-jl292+do. 


Oxy-sttlph.  /    K  Sesquisulph. 
of  antira.  ^    (  Sesquioxide. 


80.5 

355 
1535 


3  eq.^177.5 

4  eq.=  193.6 

5  eq.  =209.7 


2Sb+3SorSb2S3. 
2Sb+4SorSb8S*. 
2Sb+5SorSb»SJ. 


f3:i- 


=:=5085  2Sb3S3+Sb. 


Setquioxide, — When  sesquichloride  of  antimony,  made  by  boiling  the 
native  sulphuret  in  hydrochloric  acid  (page  258),  is  poured  into  water,  a 
white  curdy  precipitate  subsides,  formerly  called  powder  of  Algarot^  which 
consists  of  sesquioxide  of  antimony  combined  with  a  little  hydrochloric  acid, 
or  more  probably  with  undecomposcd  chloride.  On  decomposing  the  latter 
by  digestion  with  carbonate  of  potassa  and  then  washing  with  water,  the 
sesquioxide  is  obtained  in  a  state  of  purity.  It  may  also  be  procured  by 
adding,  carbonate  of  potassa  or  soda  to  a  solution  of  tartar  emetic,  and  by 
sublimation  during  the  combultion  of  antimony.  When  slowly  sublimed  it 
condenses  in  fine  needles  of  silvery  whiteness.  It  occurs  as  a  mineral,  the 
oxideof  antimony  of  mineralogists,  the  primary  form  of  which  is  a  right 
riiombic  prism,  isomorphous  with  the  crystals  of  arsenious  acid  lately  oU 
served  by  W^Jhler.    (Page  354.) 
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Sesquioade  of  antimony,  when  prepared  in  tho  moist  way,  is  a  white 
powder  with  a  somewhat  dirty  appearance.  When  heated  it  acquires  a  yellow 
tint,  and  at  a  dull  red  heat  in  close  vessels  it  is  fused,  yielding  a  yellow  fluid, 
which  becomes  an  opaque  graj^ish  crystalline  mass  on  cooling.  Its  sp. 
gravity  is  5.566.  It  is  very  volatile,  and  if  protected  from  atmospheric  air 
may  he  sublimed  without  change.  When  heated  in  open  vessels  it  absorbs 
oxygen ;  and  when  the  temperature  is  suddenly  raised,  and  the  oxide  is  poruos, 
it  takes  6re  and  burns.  In  both  cases  antimonious  acid  is  generated.  It  is 
the  only  oxide  of  antimony  which  forms  regular  salts  with  acids,  and  is  the 
base  of  the  medicinal  preparation  tartar  «me<tc,  the  tartrate  of  antimony  and 
potassa.  Most  of  its  palls,  however,  are  either  insoluble  in  water,  or,  like 
chloride  of  antimony,  are  decomposed  by  it,  owing  to  the  affinity  of  that  fluid 
for  the  acid  being  greater  tlian  that  of  the  acid  for  oxide  of  antimony.  This 
oxide  is,  therefore,  a  feeble  base ;  and,  indeed,  possesses  the  property  of  uniting 
with  alkalies.    To  tho  foregoing  remark,  however,  tartrate  of  antimony  and 

g>tassa  is  an  exception ;  for  it  dissolves  readily  in  water  without  change. 
y  excess  of  tartaric  or  hydrochloric  acid,  the  insoluble  salts  of  antimony 
may  be  rendered  soluble  in  water. 

The  presence  of  antimony  in  solution  is  easily  detected  by  hydrosul- 
phuric  acid.  This  gas  occasions  an  orange-coloured  precipitate,  hydrated 
scsquisulphuret  of  antimony,  which  is  soluble  in  pure  potassa,  and  is  dis. 
solved  with  disengag^omcnt  of  hydrosulpliuric  acid  gas  by  hot  hydrochloric 
acid,  forming  a  solution  from  wliich  the  white  oxy-chloride  (powder  of 
Algaroth)  is  precipitated  by  water. 

In  trying  the  effect  of  reagents  on  solutions  of  sesquioxide  of  antimony, 
it  is  convenient  to  employ  tartar  emetic,  from  its  property  of  dissolving  in 
pure  water  without  decomposition.  From  a  solution  of  tiiis  salt,  when 
moderately  concentrated,  a  little  pure  potassa  throws  down  the  oxide,  but 
excess  of  the  alkali  dissolves  the  precipitate.  The  oxide  is  more  perfectly 
■eparated  by  alkaline  carbonates.  Limcwater  causes  a  white  precipitate,  a 
mixed  tartrate  of  lime  and  sesquioxide  of  antimony ;  and  earthy  and  metal- 
lie  salts  decompose  tartar  emetic  by  forming,  like  lime,  sparingly  soluble 
compounds  with  tartaric  acid.  Decomposition  is  also  occasioned  by  most 
acids,  which  throw  down  a  sparingly  soluble  salt  of  antimony  and  cream  of 
tartar;  and  a  recently  made,  pretty  strong,  infusion  of  gall.nuts  gives  a 
yellowish- white  precipitate,  which  consists  of  tannin  and  sesquioxide  of 
antimony.  But  these  appearances  arc  by  no  means  to  be  relied  on  as  tests 
of  the  presence  of  antimony :  a  mixture  of  other  substances  might  be  simi- 
larly influenced  by  the  same  reapcnts;  in  a  moderately  dilute  solution  of 
tartar  emetic  rao^t  of  them  produce  no  effect  whatever;  and  the  too  free 
addition  of  a  pure  alkali  or  of  an  acid,  even  to  a  strong  solution,  may 
altogether  prevent  that  precipitate  from  formingr,  whieh  a  smaller  quantity 
of  the  same  reaijcnts  would  hnve  produced.  The  only  certain  method  of 
bringing  tlic  antimony  into  view,  even  in  a  very  weak  solution,  is  to  acidu- 
late wifii  tartaric  acid,  and  then  transmit  through  the  liquid  a  current  of 
hvdrosulphuric  acid  gas.  The  hydrated  sesquisulphuret  of  antimony,  of  a 
enaractcristic  orange-red  colour,  is  immediately  formed. 

The  detection  of  antimony  in  mixed  fluids,  as  when  tartar  emetic  is 
mixed  with  articles  of  food,  is  conducted  in  the  following  manner. — ^Tho 
substances  are  first  digested  in  water  acidulated  witli  about  a  drachm  of 
hydrochloric  and  tartaric  acids,  %vhich  coagulate  some  organic  matters,  and 

five  complete  solubility  to  the  sesquioxide  of  antimony.  Through  the 
Itcred  liquid,  hydrosulphuric  acid  is  then  transmitted,  when  the  orange-red 
•eequisulphuret  of  antimony  subsides,  which  preserves  its  characteristic  tint 
even  when  deposited  from  coloured  solutions,  and  may  bo  further  recog- 
nized by  solution  in  hot  hydrochloric  acid  and  precipitation  by  water.  The 
metal  itself  may  in  general  be  obtained  by  placing  the  dry  sulphuret  in  a 
glass  tube,  transmitting  through  it  a  current  of  hydrogen  gas,  and  then, 
when  all  the  atmospheric  air  is  displaced,  beating  the  sulphuret  by  tho  flame 
of  a  spirit-lamp.    The  sulphur  is  carried  off  in  the  form  of  hydroBulphurie 
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acid  gas,  and  the  metallic  antimony,  recognizable  hy  its  lustre,  remains. 
The  metal  is  principally  found  where  the  s^lphuret  lay ;  but  if  the  current 
of  gas  during  the  reduction  happen  to  be  rapid,  it  causes  meclienicallv  a 
spurious  sublimation  of  antimony,  which  lines  part  of  the  tube  with  a  tnia 
film  of  metal.  When  much  organic  matter  is  mixed  with  the  sulphuret,  the 
metal  is  sometimes  indistinctly  seen.  In  that  case  it  should  be  dissolved  in 
a  few  drops  of  nitro-hydrochloric  acid  with  heat,  and  be  precipitated  by 
water:. it  may  then  be  rcdissolved  by  tartaric  acid,  and  again  precipitated 
with  its  characteristic  tint  by  hydrosulphuric  acid.  Orfila  recommends  that 
the  metal  should  be  obtained  from  the  sulphurct  by  fusion  with  black  flux ; 
but  I  have  elsewhere  shown  this  process  to  be  very  precarious,  and  my 
opinion  is  supported  by  the  experience  of  Dr.  Christison.  (Treatise  on 
Poisons,  2nd  Ed.  429.) 

AfUimonioua  Acid, — ^When  metallic  antimony  is  digested  in  strong  nitric 
acid,  the  metal  is  oxidized  at  the  expense  of  the  acid,  and  hydrated  antimonic 
acid  is  formed ;  and  on  exposing  this  substance  to  a  red  heat,  it  gives  out 
water  and  oxygen  gas,  and  is  converted  into  anlimonious  acid,  ft  is  also 
generated  when  the  oxide  is  exposed  to  heat  in  open  vessels.  Tims,  on 
heating  sulphurettifjintimony  with  free  exposure  to  the  air,  sulphurous  acid 
and  sesquioxide  of  antimony  are  generated  ;  but  on  continuing  the  roasting 
until  all  the  sulphur  is  burned,  the  oxide  gradually  absorbs  oxygen  and  passes 
into  antimonious  acid.  Hence  this  acid  «s  formed  in  the.  process  of  pre- 
paring the  Pvlvia  AntimonialU  of  the  Pharmacopoeia.  Antimonious  acid 
is  white  while  cold,  but  acquires  a  yellow  tint  when  heated;  is  very  infusible, 
and  fixed  in  the  fire,  two  characters  by  which  it  is  readily  distinguished 
from  the  oxide.  It  is  insoluble  in  water,  and  likewise  in  acids  after  bei^g 
heated  to  redness.  It  combines  in  definite  proportions  with  alkalies,  and  its 
salts  are  called  antimonites.  Antimonious  acid  is  precipitated  from  these 
salts  by  acids  as  a  hydrate,  which  reddens  litmus  paper,  and  is  dissolved  by 
hydrochloric  and  tartaric  acids,  though  witliout  appearing  to  form  with  them 
definite  compounds. 

Anlimonie  Acid,  sometimes  called  peroxide  of  antimony,  is  obtained  as  a 
white  hydrate,  cither  by  digesting  the  metal  in  strong  nitric  acid,  or  by  dis- 
solving  it  in  nitro-hydrochloric  acid,  concentrating  by  heat  to  expel  excess  of 
acid,  and  throwing  the  solution  into  water.  When  recently  precipitated  it 
reddens  litmus  paper,  and  may  then  be  dissolved  in  water  by  means  of  by. 
drochloric  or  tartaric  acid.  It  does  not  enter  into  definite  cdmbinalion  with 
acids,  but  with  alkalies  forms  salts,  which  are  called  iniiim<miate€.  When 
hydrated  antimonic  acid  is  exposed  to  a  temperature  of  500^  or  600^  F.  the 
water  is  evolved,  and  the  anhydrous  acid  of  a  yellow  colour  remains.  In 
this  state  it  resists  tlie  action  of  acids.  When  exposed  to  a  red  heat,  it  parts 
with  oxys:cn,  and  is  converted  into  antimonious  acid. 

Chlorides  of  ArUimony, — When  antimony  in  powder  is  thrown  into  a  jar 
of  chlorine  gas,  combustion  ensues^  and  the  sesquichloride  of  antimony  is 
generated.  The  same  compound  may  be  formed  by  distilling  a  mixture  of 
antimony  with  about  twice  and  a  half  its  weight  of  corrosive  sublimate,  when 
the  volatile  scsquichloride  of  antimony  passes  over  into  the  recipient,  and 
metallic  mercury  remains  in  the  retort.  At  common  temperatures  it  is  a 
sofl  solid,  thence  called  butter  of  antimony,  which  is  liquefied  by  gentle  heat, 
and  crystallizes  on  cooling.  It  deliquesces  on  exposure  to  tlie  air ;  and 
when  mixed  with  water,  hydrochloric  acid  and  sesquioxide  are  ^encrated^ 
and  the  latter,  combined  with  a  little  undecomposed  chloride,  subsides. 

The  bichloride  of  antimony  is  formed  by  acting  on  hydrated  antimonious 
by  hydrochloric  acid,  when  a  solution  is  fi^rmed,  whicii  appears  to  he  a  com- 
pound of  bichloride  of  antimony  and  hydrochloric  acid.  It  possesses  littlo 
permanence,  and  on  the  addition  of  water,  antimonious  acid  subsides,  and 
hydrochloric  acid  remains  in  solution. 

The  perchJtoride  is  generated  by  passing  dry  chlorine  gas  over  heated  me- 
tallic antimony.  It  is  a  transparent  volatile  liquid,  which  emits  fumes  on 
exposure  to  the  air.    Mixed  with  water,  it  is  converted  into  hydrochloric 
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acid,  and  hydrated  antimonic  acid  which  subsides.    (Rose,  in  the  Annals  of 
Philosophy,  N.  S.  x.) 

Brcmiae  of  Antimony. — ^The  union  of  bromine  and  antimony  is  attended 
with  disengagement  of  heat  apd  fight,  and  the  compound  is  readily  obtained 
by  distillation,  as  in  the  process  for  preparing  bromide  of  arsenic.  It  is 
aoUd  at  common  temperatures,  is  fused  at  206°,  and  boils  at  518^  F.  It  it 
colourless  and  crystallizes  in  needles ;  it  attracts  moisture  from  the  air,  and 
jfl  decomposed  by  water. 

Setquiiulpkurtt  of  Aniimony.-^Tliis  is  by  far  the  roost  abundant  ore  of 
antimony,  and  is  hence  employed  in  making  the  preparations  of  antimony. 
Though  generally  compact  or  earthy,  it  sometimes  occurs  in  acicular  crj^s- 
tals  and  in  rhom&ic  prisms.  Its  sp.  gravity  is  4.62,  colour  red-gray,  and  its 
lustre  metallic  When  heated  in  close  vessels,  it  enters  into  fiuion  without 
undergoing  any  other  change.  It  may  be  formed  artificially  by  fusing  to- 
gether antimony  and  sulphur,  or  by  transmitting  a  current  of  bydrosulphuric 
acid  gas  through  a  solution  of  tartar  emetic :  in  tliis  case  it  falls  as  a  hydrate 
of  an  orange-rcd  colour,  and  does  not  acquire  its  dark  colour  till  its  water  is 
expelled  by  heat. 

The  hmdphurtt  is  formed,  according  to  Rose,  by  transmitting  bydrosul- 
phuric acid  gas  through  a  solution  of  antiaionious  acid  in  dilute  hydrochloric 
acid.  (An.  ofPhil.  N.  S.X.) 

Rose  formed  the  perfulphuret  by  the  action  of  bydrosulphuric  acid  on  a 
solution  of  antimonic  acid.  The  goJdcn  sulphuret,  prepared  by  boiIin|r  suU 
phuret  of  antimony  and  sulphur  in  solution  otpotassa,  a  process  which  is  not 
adopted  by  cither  of  our  colleges,  is  a  persulphuret 

Ozy-sulphuret  of  Antimony, — Rose  has  shown  that  this  compound  occurs 
in  the  mineral  kingdom,  being  the  rtd  antimony  ore  (rothspiesglanzerz)  of 
mineralogists.  Tlie  pharmaceutic  preparations  known  by  the  terms  glass^ 
UwYy  ana  crocus  of  antimony,  are  of  a  similar  nature,  though  lees  definite  in 
ccnposition.  They  arc  made  by  roaslinjj  ihc  native  sulphuret,  so  as  to 
form  sulphurous  acid  and  scsquioxide  of  antimony,  and  then  vitrefying  tho 
oxide  together  with  ondccom posed  ore,  by  means  of  a  strong  heat  The 
product  will  of  course  differ  according  as  more  or  less  of  the  sulphuret 
escapes  oxidation  during  the  process. 

When  sulphuret  of  antimony  is  boiled  in  a  solution  of  potassa  or  soda,  a 
liquid  is  obtained,  from  which  on  cooling  an  orangc-red  matter  called 
kermes  mineral  is  deposited;  and  on  subsequently  neutralizing  the  cold 
solution  with  an  acid,  an  additional  qu:)ntity  of  a  similar  substance,  the 
golden  sulphuret  of  the  Pharro.iCo}xria,  subsides.  These  compounds  may  also 
be  obtained  by  igniting  sulphuret  of  antimony  with  an  alkali  or  alkaline  car- 
bonate, and  treating  the  product  with  hot  water ;  or  by  boiling  the  mineral 
in  a  solution  of  carbonate  of  soda  or  potassa.  The  finest  kerraes  is  obtained, 
according  to  M.  nit^,.from  a  mixture  of  4  parts  of  sulphuret  of  antimony, 
90  of  crystallized  oafbonatc  of  soda,  and  1000  of  water.  These  materials 
are  boiled  for  half  or  three-quarters  of  an  hour;  the  hot  solution  is  filtered 
into  a  warm  ves«rl.  In  orJor  lliat  it  may  rool  slowly;  and  afler  24  hours, 
the  deposits  is  coiLclcd  on  a  filler,  moderately  washed  with  cold  water,  and 
dried  at  a  temjK'rature  of  7 IP  or  bO-  F. 

•.  Very  great  diversity  of  opinion  has  long  existed  among  chemists  as  to  the 
nature  of  kermes.  ^erzelius  and  Rose  gave  experiments  to  show  that  it  is 
a  hydrated  sestjuisulphuret,  differing  from  the  native  sulphuret  solely  in 
being  combined  with  water.  Subsequently  Gay-Lussac  and  others  observed 
that  Kermes  contains  sesquioxide  of  antimony,  which  may  be  removed  by 
digestion  with  cream  of  tartar;  and  Gay-Lussac  inferred  fVom  the  quantity 
or  water  formed  when  kermes,  previously  rendered  anhydrous,  is  reduced 
by  hydrogen  gas,  that  it  is  a  hydrated  oxy .sulphuret,  identical,  when  de- 
prived of  Its  water,  with  the  red  ore  of  antimony  above  referred  to.  Still 
more  recently  Berzelius  has  explained,  that  the  ordinary  process  for  making 
kermes  leads  to  the  separation  of  a  compound  of  sesquioxide  of  antimony 
and  potassa,  which  tenaciously  adheres  to  kermes,  but  is  not  chemically 
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muted  with  it :  he  rightly  ygues  that  the  queiUon  is  not,  whether  Beaquu 
oidde  of  antimony  is  sometinjcs  or  generally  present  in  kernes,  but  whether 
the  hiUer  can  exist  without  sesquiozide  of  antimony.  This  question  ho  hw 
anaweied  afiirmatively.  He  fused  sulphuret  of  antimony  with  black  flux, 
boiled  the  residue  in  water,  and  set  aside  the  solution  to  cool :  a  perfect 
kermes  was  deposited,  which  he  considers,  and  I  apprehend  with  good 
xtaaon,  to  be  quite  free  from  sesquioxide  of  antimony.  (Pog.  Annalcn,  xx.  fG4.) 
The  theory  of  the  preparation  of  kermes,  as  given  by  Bcrzelius,  is  the 
Allowing. — ^When  sesquisulphnrot  of  amimony  is  fused  with  potassa,  part  of 
Mch  interchanges  elements  with  the  other  in  such  a  ratio  that 

1  eq.  aeaqnisulphuretof  ant  2Sb+3S2 1  eq.  sesquioxide  of  antimony  2Sb+30 
and  3  eq.  potassa  3(K4-0)p:^&,  3  eq.  sulphuret  of  potassium  3(k4-S). 

T)ie  sulphuret  of  potaissium  unites  with  undocompoeed  sesquisulphuret  of 
antimony,  forming  a  sulphur-salt  which  will  be  again  referred  to  hereafter, 
and  sesquioxide  of  antimony  with  nndecomposed  potaasa;  and  on  adding 
hot  water  both  com|)Ound8  are  dissolved,  and  coexist  independently  of  eaen 
other  in  the  solution.  As  the  solution  cools,  the  sesquisulphuret  of  antimony 
rabsides,  simply  because  the  solvent  power  of  sulphuret  of  potassium  is 
thereby  diminished ;  but  a  variable  quantity  of  potassa  and  sesquioxide  of 
antimony  &U»  with  the  deposite,  and  cannot  be  entirely  removed  by  washing 
with  water.  The  cold  solution  still  contains  a  double  sulphuret  of  antimony 
and  potassium,  together  wiUi  sesquioxide  of  antimony  united  with  potassa : 
on  acidulating  with  sulphuric  acid,  the  sulphuret  of  potasaium  is  resolved, 
by  decomposition  of  water,  into  potassa  and  hydrosulphuric  acid,  and  the 
sesquioxide  of  antimony  is  deprived  of  its  potassa;  and,  therefore,  the  sesqui- 
sulphuret and  sesquioxide  of  antimony,  both  losing  at  the  same  instant  the 
principles  which  gave  them  solubility,  are  thrown  down  either  in  combina- 
tion or  in  mixture  with  each  other,  fierzelius  believes  tlie  same  change  to 
occur  when  the  iiiigrcdicnts  are  boiled  instead  of  fused  together.  The 
golden  sulphuret  differs  from  kermes,  in  the  absence  of  potassa,  in  contain- 
ing more  sesquioxide  of  antimony,  and  perhaps  in  being  or  containing  an 
oxy<sulphuret  It  commonly  contains  free  sulphur,  derived  apparently  from 
the  oxidizing  influence  of  the  air  on  tlic  sulphuret  of  potassium.  When 
alkaline  carbidnates  are  employed  instead  of  pure  alkalies,  the  same  phenom* 
ana  easae,  except  that  caibonic  acid  is  evolved. 


SECTION  XX. 

URAN1UM--CERIUM. 
URANIUM. 

This  metal  was  discovered  in  1789  by  the  German  analyst  Klaproth,  who 
named  it  after  the  new  planet  Uranus,  the  discovery  of  which  took  place  in 
the  same  year.  It  was  obtained  from  a  mineral  of  Saxony,  called  from  its 
black  colour  piteJiblende,  which  consists  of  protoxide  of  uranium  and  oxide 
of  iron.  From  this  ore  the  uranium  may  be  conveniently  extracted  by  the 
following  process. — Al^er  heating  the  mineral  to  redness,  and  reducing  it  to 
fine  powder,  it  is  digested  in  pure  nitric  acid  diluted  with  three  or  four  paHa 
of  water,  taking  the  precaution  to  employ  a  largor  quantify  of  the  mineral 
than  the  nitric  acid  present  can  dissolve.  By  this  mode  of  operating,  the 
protoxide  is  converted  into  peroxide  of  uranium,  which  unites  w'lSi  the 
nitric  acid  almost  to  the  total  exclusion  of  the  iron.    A  current  of  hydro- 
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■nlphuric  acid  gas  is  then  transmitted  through  the  solution,  in  order  to  sbpa. 
rate  lead  and  copper,  the  sulphurets  of  which  are  always  mixed  with  pitch- 
blende. The  solution  is  boiled  to  expel  free  hydrosulphuric  acid,  and,  after 
being  concentrated  by  evaporation,  is  set  aside  to  crystallize.  The  nitrate  of 
peroxide  of  uranium  is  gradually  deposited  in  flattened  four-sided  prisma  of 
a  beautiful  lemon -yellow  cofour. 

The  properties  of  metallic  uranium  are  as  yet  known  imperfectly.  It 
was  prepared  by  Arfwedson  by  conducting  hydrogen  gas  over  the  protoxide 
of  uranium  heated  in  a  glass  tube.  The  substance  obtained  by  this  process 
was  crystalline,  of  a  metallic  lustre,  and  of  a  reddish-brown  colour.  It 
Buffered  no  change  on  exposure  to  air  at  common  temperatures;  but  when 
heated  in  open  vessels  it  absorbed  oxygen,  and  was  reconverted  into  the 
protoxide.    From  its  lustre  it  was  inferred  to  be  metallic  uranium. 

From  the  experiments  of  Arfwedson  and  Perzelius  on  the  oxides  of  nra. 
nium,  the  equivalent  of  the  metal  may  be  estimated  at  217.  (An.  of  Ph.  N. 
S.  vii.  258.)  Its  compoands  described  in  this  section  ar^^^ua  oon- 
Btituted: 

Uranium.  Equiv.  Formule. 

Protoxide        217  1  eq.^-Oxygcn      8      1  eq.ss225         U-f-O  or  U. 

Peroxide         434  2 eq.^- da  24      3eq.«458       2U4.30orU. 

Protochloride  217  1  eq.^-Chlorine   35.42  1  eq.=252.42    U  +  Cl  or  UCL 
Perchloride     434  2  cq.  4-  da  1 06.26  3  eq.  =540i26  2U  ^-  3C1  or  U ta  3 . 

Sulphurct        Composition  unknown. 

Praioxide, — ^This  oxide  is  of  a  very  dark  green  colour,  and  is  obtained  by 
exposing  nitrate  of  the  peroxide  to  a  strong  heat  It  is  exceedingly  infu- 
sible, and  bears  any  temperature  hitherto  tried  without  change.  It  unites 
with  acids,  forming  salts  of  a  green  colour.  It  is  readily  oxidized  by  nitrie 
acid,  yielding  a  nitrate  of  the  peroxide.  The  protoxide  is  employed  in  the 
arts  for  giving  a  black  colour  to  porcelain. 

•  Peroxide  oj  Uranium  is  of  a  yellow  or  orange  colour,  and  most  of  its 
salts  have  a  similar  tint.  It  not  only  combines  with  acids,  but  likewise 
unites  with  alkaline  bases,  a  property  wliich  was  first  noticed  by  Arfwedson. 
It  is  precipitated  from  acids  as  a  yellow  hydrate  by  pure  alkalies,  fixed  or 
volatile ;  but  retains  a  portion  of  these  bases  in  combination.  It  is  thrown 
down  as  a  carbonate  by  alkaline  carbonates,  but  is  redissolved  by  an  excess 
of  carbonate  of  soda  of  ammonia,  a  circumstance  which  affords  an  easy 
method  of  separating  uranium  from  iron.  It  is  not  precipitated  by  hydro- 
sulphuric  acid,  but  acquires  a  green  tint  from  partial  deoxidatioii.  With 
ferrocyanurct  of  potassium  it  gives  a  brownish-rcd  precipitate,  yery  like  fer- 
.ropyanuret  of  copper.  ^ 

Peroxide  of  uranium  is  decomposed  by  a  strong  heat,  and  converted  into 
the  protoxide.  From  its  affinity  for  alkalies,  it  is  ditficult  to  obtain  it  in  a 
state  of  perfect  purity.  It  is  empbyed  in  the  arts  for  giving  an  orange 
colour  (o  f>orccIafn. 

Chlorides. — Theso  compounds  are  obtained  in  solution  by  dissolving  the 
corresponding  oxides  in  hydrochloric  acid.  The  protochloride  is  green, 
very  soluble,  and  does  not  crysUllize.  The  perchloride  is  ycHow,  deliques- 
cent, soluble  in  alcohol,  ether,  and  water,  and  yields  yellow  solutions. 

Sulohuret  of  Uranium  may  be  formed  by  transmitting  the  vapour  of 
bisulphuret  of  carbon. over  protoxide  of  uranium  strongly  heated  in  a  tube  of 
porcelain.  (Rose.)  It  is  of  a  dark  gray  or  nearly  black  colour,  is  converted 
into  protoxide  of  uranium  when  healed  in  the  open  air,  and  is  readily  dis* 
solved  by  nitric  acid,    ilydrochioric  acid  attacks  it  feebly. 


CKumc  Stt 


CBRIUM. 

Cerium,,  named  after  the  planet  Ceres,  was  disoovered  in  the  year  1803  by 
Hiswj^  and  fierzelius,  in  a  rare  Swedish  mineral  known  by  the  name  of 
oerlte*  and  its  existence  was  recognized  about  the  same  time  by  Klaproth. 
Vr,  Tliomson  has  since  found  it  to  the  extent  of  thirty-four  per  cent,  in  a 
minerai  from  Greenland,  called  AUanite^  in  honour  of  the  late  Mr.  Allan* 
who  first  distinguished  it  as  a  distinct  species. 

Tlie  properties  of  cerium  are  in  a  great  measure  unknown.  It  appeam 
from  the  experience  of  Vauqnelin,  who  obtained  it  in  minute  buttons  not 
larger  tlian  tlie  head  of  a  pin,  that  it  is  a  white  brittle  metal,  which  resists  the 
action  of  nitric,  but  is  dissolved  by  nitro- hydrochloric  acid.  According  to 
an  experiment  made  by  Mr.  Children  and  Dr.  Thomson,  metallic  cerium 
is  volatile  in  ?cry  intense  degrees  of  heat.  (An.  of  Phil,  ii.) 

From  the  experiments  of  Hisinger,  the  equivalent  of  cerium  may  be 
estimated  at  46,  and  its  oompouiuk  described  in  this  section  are  thus 
constituted : — 

Cerium.  Equiv.         Formulas. 

Protoxide    46  1  eq.+Oxygen       8      1  eq.=  54         Ce+O  or  Cc. 

Peroxide     92  2  eq.+do.  24      3  eq.=  116      2Ce+30  or  Ce. 

ISto^id^  (  ^  '  cq.+Chlorine    35.42  1  eq.=  81.48    Ce+Cl  or  CeCh 

^*Ikle^    i  92  2  eq.+do.  10656  3  eq.= 198.26  2Ce-f3Cl  or  0}*CI». 

^'^'J^M  46  1  eq^-Sulphur    16.1    1  eq.=  62.1      Cfe+S  or  CeS. 

PvatQxide. — ^Tliis  oxide  ia  a  white  powder,  which  is  insoluble  in  walex, 
and  forms  salts  with  acids,  all  of  which  if  soluble  have  an  acid  reaction. 
Exposed  to  the  air  at  common  temperatures  it  suffers  no  change ;  but  if 
heated  in  open  vessels,  it  absorbs  oxygen,  and  is  converted  into  the  peroxide. 
It  is  precipitated  from  its  suits  as  a  white  hydrate  by  pure  alkalies ;  as  a 
wl^te  carbonate  by  alkaline  carbonates,  but  is  rcdissolved  by  the  precipitant 
in  excess;  and  as  a  white  oxalate  by  oxalate  of  ammonia. 

Peroxide  of  Cerium  has  a  fawn-red  colour.  It  is  dissolved  by  several  of 
the  acids,  but  is  a  weaker  base  than  tlic  protoxide.  Digested  in  hydro- 
chloric acid,  chlorine  is  disengaged  and  a  prutochlorido  results. 

The  most  convenient  method  of  extracting  peroxide  of  cerium  from'cerite 
is  by  the  process  of  Laugier.  AAcr  reducing  cerite  to  powder,  it  is  dis- 
solved  in  nitro-hydrochloric  acid,  and  the  solution  is  evaporated  to  perfect 
dryness.  The  soluble  parts  are  then  rcdissolved  by  water,  and  an  excess  of 
ammonia  is  added.  The  precipitate  thus  formed,  consisting  of  the  oxides  of 
iron  and  cerium,  is  well  washed  and  aflerwards  digested  in  a  solution  of 
oxalic  acid,  which  dissolves  the  iron,  and  forms  an  insoluble  oxalate  with 
the  cerium.  By  heating  this  oxalate  to  redness  in  an  open  fire,  the  acid  is 
decomposed,  and  the  peroxide  of  cerium  is  obtained  in  a  pure  state. 

ChlQrid€$  of  Ceriumi — ^The  protochloride  is  obtained  as  a  porous  while 
maas-  by  heating  protosulphuret  of  cerium  in  a  current  of  dry  chlorine  gas. 
It  ia  fbsible  at  a  low  red  heat,  deliquesces  in  the  air,  and  is  soluble  in  water 
and  alcohol.  Its  solution  is  colourless;  but  in  open  vessels  it  becomes 
yellow  fVom  the  formation  of  perehloride,  undergoing  the  same  kind  of 
change  aa  the  protochlprides  of  iron  and  tin. 

The  pereMoride  is  formed  by  dissolving  peroxide  of  cerium  in  hydro- 
chloric acid,  and  it  forms  an  orange-yellow  solution. 

PratoBulphuret  of  Cerium. — Dr.  Mosander  has  succeeded  in  forming  this 
compoond  bgr  two.dilforcnt  procesflea.    The  firat  method  is  by  tfaninutling 
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the  ▼apour  of  sulphuret  of  carbon  over  carbonate  of  protoxide  of  oeriam  at  a 
red  heat ;  and  the  second  U  by  fusing  oxide  of  cerium  at  a  vHiite  beat  with 
a  larre  excess  of  persulphuret  of  potassium  and  afterwards  removinf  the 
■oluUe  parts  by  water.  The  product  of  the  first  operation  is  porousTii^t, 
and  of  a  red  colour  like  red  lead ;  and  that  of  the  second  is  in  small  brilliant 
•cales,  and  of  a  yellow  colour,  like  bisulphuret  of  tin.  These  sulphurets, 
thouffh  different  in  appearance,  are  similar  in  point  of  composition,  contain- 
ing  Ss  per  cent  of  sulphur.  They  are  insoluble  in  water,  but  are  dissolved 
in  acids  with  evolution  of  hydrosuiphuric  acid  gas,  without  any  rcsiduom  of 
fulphur.  (Philoe.  Mag.  and  Annals,  1.  71). 


SECTION  XXL 

BISMUTH.— TITANIUM.— TELLURIUM. 
BISMUTH. 

Tms  metal  was  known  to  the  ancients,  thoagh  often  confounded  by' them 
with  lead  and  tin ;  but  it  appears  to  have  derived  the  name  of  Intmuth^  or 
properly  wUmuth,  ft'om  the  German  miners.  It  occurs  in  the  earth  both 
native  and  in  combination  with  other  substances,  such  as  sulphur,  oxygen, 
and  arsenic.  That  which  is  employe^  |n  the  arts  is  derived  chiefly  from 
native  bismuth,  and  commonly  contains  small  quantities  of  sulphur,  iron, 
and  copper.  It  may  be  obtained  pure  for  chemical  purposes  by  heating  tiie 
oxide  or  subnitrate  to  redness  along  with  charcoal.  ^ 

Bismuth  has  a  reddish.whitc  colour  and  considerable  lustre.     Its  struetui«  <! 

is  highly  lameHatcd,  and  when  slowly  cooled,  it  crystallizes  in  octohedroot.  ^  .  i 
Its  density  is  about  9.8.  It  is  brittle  when  cold,  but  may  be  hammered  into*"  ^  i 
plates  while  warm.    At  476°  it  fuses,  and  sublimes  in  close  vessels  at  a  red  j 

heat    It  is  a  less  perfect  conductor  of  heat  than  most  other  metuls. 

Bismuth  undergoes  little  change  by  exposure  to  air  at  common  tempera- 
tures. When  fused  in  open  vessels,  iu  surface  becomes  covered  with  a  grav 
film,  which  is  a  mixture  of  metallic  bismuth  with  the  oxide  of  the  metal. 
Heated  to  its  subliming  point  it  burns  with  a  bluish-white  flame,  and  emita 
copious  fumes  of  oxide  of  bismuth.  The  metal  is  attacked  with  diffi- 
culty by  hydrochloric  or  sulphuric  acid,  but  it  b  readily  oxidized  and  dis- 
solved by  nitric  acid. 

The  equivalent  of  bismuth,  deduced  by  Lagerhjelm  from  the  composition 
of  its  protoxide,  is  71.  (An.  of  Phil.  iv.  357.)  Its  compounds  described  in 
this  section  are  thus  constituted : — 

Bismuth.  Eqoiv.  Formnle. 

Protoxide      71     1  eq.  4.  Oxygen      8       1  eq.s=  79         Bi  +  OorBL 

Peroxide  142  Steq.+  do,  24      3  eq.=166       2Bi  +  30  or  Bi. 

Chloride  71  1  eq.-|.  Chlorine  35.42  1  eq.= 106.42    Bi.fClorBiCL 

Bromide  71  1  eq.4-   Bromine  78.4    1  eq.= 149.4      Bi -f  Br  or  BiBr. 

Sulphuret  71  1  eq.  4.  Sulphur  161    1  eq.=  87.1       Bi4-S  or  BiS. 

Protoxide  oj  Bitmvth. — This  compound  is  readilv  prepared  by  heating  to 
redncas  the  nitrate  or  subnitrate  of  oxide  of  bismuth.  Its  colour  is  yellow; 
at  a  full  red  heat  it  is  fused  into  a  brown  liquid,  which  on  cooling  beooma 
a  yellow  transparent  glass  of  sp.  gravity  Si^ll.  At  intense  temperatures  it 
is  aablimed.    It  unites  with  acids,  and  most  of  its  salts  aro  white. 
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'  When  nitnite  of  oxide  of  binnath,  either  in  Bolution  or  in  erystak,  m  put 
into  water,  a  copious  precipitate,  the  subnitrate,  of  a  beautifully  white 
colour,  subsides,  which  was  formerly  called  the  magUtery  of  bigmuth^ 
From  its  whiteness  it  is  sometimes  employed  as  a  paint  for  improving  the 
complexion ;  but  it  is  an  inconvenient  pigment,  owing  to  the  facility  with 
which  it  is  blackened  by  hydrosulphuric  acid.  If  the  nitrate  with  which  it 
is  made  contains  no  excess  of  acid,  and  a  large  quantity  of  water  is  em- 
ployed, nearly  the  whole  of  the  bismuth  is  separated  as  a  subnitrate. — By 
this  character  bismuth  may  be  both  distinguished  and  separated  from  other 
metals. 

Peroxide. — ^This  oxide  was  first  noticed  by  Buchholz  and  Brandes,  but  its 
nature  and  composition  have  been  recently  examined  by  Mr.  A.  Stromeyer. 
It  is  generated  when  hydrate  of  potassa  is  fused  at  a  moderate  beat  with 
protoxide  of  bismuth ;  but  the  best  mode  of  preparation  is  first  to  prepare 
the  protoxide  by  igniting  the  subnitrate,  and  then  gently  heating  it  for  some 
time  in  a  solution  of  chloride  of  potassa  or  soda.  Afler  washing  with  water, 
any  unchanged  protoxide  is  dissolved  by  a  solution  made  with  1  part  of 
nitric  acid  (quite  free  from  nitrous  acid)  and  9  of  water. 

As  thus  prepared,  peroxide  of  bismuth  is  a  heavy  powder  of  a  brown 
colour,  very  like  peroxide  of  lead,  manifests  little  disposition  to  unite  either 
with  acids  or  alkalies,  and  is  reconverted  by  heat  with  loss  of  oxygen  into 
the  protoxide.  Heated  with  sulphuric  or  phosphoric  acid,  it  gives  off  oxygen 
gas,  and  a  sulphate  or  phosphate  of  the  protoxide  is  formed;  and  with 
hydrochloric  acid,  chlorine  is  evolved,  and  the  protochloride  produced. 
(An.  de  Ch.  et  de  Ph.  li.  267.) 

Chloride  of  Bismuth, — When  bismuth  in  fine  powder  is  introduced  into 
chlorine  gas,  it  takes  fire,  burns  with  a  pale  blue  light,  and  is  converted 
into  a  chloride,  formerly  termed  butter  of.  bismuth.  It  may  be  prepared 
conveniently  by  heating  two  parts  of  corrosive  sublimate  with  one  of  bis- 
. '  muth,  and  aflcrwards  expelling  the  excess  of  the  former,  togetlicr  with  the 
metallic  mercury,  by  heat 

Chloride  of  bismuth  is  of  a  grayish- white  colour,  opaque,  and  of  a  granular 
texture.  It  fuses  at  a  temperature  a  little  above  that  at  which  the  metal 
itself  is  liquefied,  and  bears  a  red  heat  in  close  vessels  without  subliming. 

Bromide  of  Bismuth  is  prepared  by  heating  the  metal  with  a  large  excess 
of  bromine  in  a  long  tube ;  when  a  gray  .coloured  bromide  results,  similar  in 
its  aspect  to  fused  iodine.  At  392^  it  enters  into  fusion,  and  at  a  low  red 
heat  sublimes.  With  water  it  is  converted  into  oxide  of  bismuth  and  hydro- 
bromic  acid,  the  former  of  which  combines  with  some  undecomposed  bromide 
of  bismuth  as  an  oxy-bromtde.  (Serullas.) 

Sul^huret  of  Bismuth, — ^This  sulphuret  is  found  native,  and  may  be  formed 
artificially  by  fusing  bismuth  with  sulphur,  or  by  tlie  action  of  hydrosul- 
phuric  acid  on  the  salts  of  bismuth.  It  is  of  a  lead  gray  colour,  and  metallic 
lustre. 

TITANIUM. 

This  metal  was  first  recognized  as  a  new  substance  by  Mr.  Gregor  of 
Cornwall,  and  Its  existence  was  aflcrwards  established  by  Klaproth,  who 
fancifully  gave  it  the  name  of  titanium^  afler  the  Titans  of  ancient  fable. 
(CV}ntributions,  i.)  But  the  properties  of  the  metal  were  not  ascertained  in 
a  satisfactory  manner  until  the  year  1822,  when  Dr.  WoUaston  was  led  to 
examine  some  minute  crystals  which  were  found  in  a  slag  at  the  bottom  of 
a  smelting  furnace  at  tlie  great  iron  works  at  Mcrthyr  Tydvil  in  Wales, 
and  presented  to  him  by  the  Rev.  Dr.  Buckland.  (Philosophical  Transactions, 
1823.)  These  crystals,  which  have  since  been  found  at  other  iron  works, 
are  of  a  cubic  form,  and  in  colour  and  lustre  resemble  burnished  copper. 
They  conduct  electricity,  and  are  attracted  slightly  by  the  magnet,  a  prop- 
erty  which  seems  owing  to  the  presence  of  a  minute  quantity  of  iron.  Their 
sp.  gravity  is  5.3 ;  and  Uieir  hardness  is  so  great,  that  they  scratch  a  polished 
surface  ot  rock  crystal.    They  are  exceedingly  infusible ;  but  when   «" 
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posed  to  tbe  imlted  acticm  of  beat  and  air,  dieir  stirfiice  "beccnnea  mveteid 
with  a  purple-coloured  film,  which  is  an  oxide.  They  resist  the  action  of 
nitric  and  nitro-hydrochloric  acida,  but  are  completely  oxidized  by  being 
strongly  heated  with  nitre.  They  are  then  conTerted  into  a  white  substance, 
which  possesses  all  the  properties  of  titanic  acid. 

Liebig  prepares  metallic  titanium  by  putting  fVagments  of  recently  niade 
chloride  of  titanium  and  ammonia  into  a  glass  tube  half  an  inch  wrde  and 
two  or  three  feet  long,  transmitting  through  it  a  current  of  perfectly  dry 
ammonia,  and,  when  atmospheric  air  is  entirely  displaced,  applying  heat 
until  the  fflass  softens.  Complete  decomposition  ensues,  nitrogen  gas  is  dis- 
engaged, nydrochlorate  of  ammonia  sublimes,  and  metallic  titanium  is  left 
in  the  state  of  a  deep  bluccoloured  powder.  If  exposed  to  the  air  while 
warm,  it  is  apt  to  take  fire. 

The  equivalent  of  titanium,  determined  by  Rose  from  his  analysis  of  the 
bichloride,  is  24.3.  The  composition  of  its  compounds  described  in  this 
section  it  aa  follows : — 

1  eq.  Titacium.  Equiv.        Formuhe. 

Oxide  (probably)  24.3 -fO-^y gen       8         1  eq.==32.3    Ti-f  O  or  Ti. 

Titanic  acid     .  24.3 -f  do  16  2  eq.=40.3    1^4-20  orTi. 

Bichloride    .    .  24.3 -f  Chlorine     70.84     2  oq.=95.14  Ti4-2C1  or  Tia2. 
Bisulphuret      .  24.34-Sulphur      32.2       2  eq.==56.5    Ti.f2S  or  TiSs. 

Oxide  of  TUanium. — This  oxide  is  of  a  purple  colour,  and  is  supposed  to 
exist  pure  in  the  miner <> I  called  anaiane ;  but  its  composition  and  chemical 
properties  are  unknown. 

Tttanie  Add, — ^This  ccmpound,  called  also  peroxide  of  titanium,  exists 
in  a  nearly  pure  state  in  titanite  or  rutile.  Menaccanite,  in  which  titanium 
was  originally  discovered  by  Mr.  Gregor,  is  a  titanite  of  the  oxides  of  iron 
and  manganese.  It  is  best  prepared  nrom  rutile.  The  mineral,  after  beinff 
reduced  to  an  exceedingly  fine  powder,  b  fused  in  a  platinum  crucible  witn 
three  times  its  weight  of  carbonate  of  potassa,  and  t!:-'  mass  afterwards 
washed  with  water  to  remove  tlie  excess  of  alkali.  A  g'ay  nass  remains, 
which  consists  of  potassa  and  titanic  acid.  Tiiis  compoui:  *  Is  dissolved  in 
concentrated  hydrochloric  acid;  and  on  diluting  witli  wr.t-r  nd  boiling  the 
solution,  the  greater  part  of  the  titanic  acifl  is  &rown  down.  It  is  then  coK 
lected  on  a  filter,  and  well  washed  with  water  acidulated  with  hydrochloric 
acid.  In  this  state  the  o^ide  is  not  quite  pure ;  but  contains  a  little  oxide  of 
manganese  and  iron,  derived  from  the  rutile.  The  best  mode  of  separatinc^ 
these  impurities  is  to  '^' jest  the  precipitate,  while  still  moist,  with  hydrosul- 
phate  of  ammonia,  whxh  converts  the  oxides  of  iron  and  manganese  into 
sulphurets,  but  does  not  act  on  the  titanic  acid.  The  two  sulphurets  are 
readily  dissolvod  by  dilute  hydrochloric  acid;  and  the  titanic  acid,  after 
being  collected  on  a  filter  and  well  washed  as  before,  may  be  drit-d  and  heat- 
ed  to  redness.  This  method,  proposed  by  Professor  Rose  of  Berlin,  has  been 
thus  simplified  by  himself.  Either  rutile  or  titaniferous  iron,  allcr  being 
pulverized  and  washed,  is  exposed  in  a  porcelain  tube  at  a  very  strong  red 
heat  to  a  current  of  hydrosulphuric  acid  gas,  which  acts  upon  the  oxide  of 
iron,' giving  rise  to  water  and  sulphuret  of  iron.  As  soon  as  water  ceases  to 
appear,  the  process  is  discontinued,  the  mass  digested  in  hydrochloric  acid 
to  remove  the  iron,  and  the  titanic  acid  separated  from  adhering  sulphur 
by  heat.  A  little  iron  is  still  usually  retained ;  but  the  whole  may  be  re^ 
moved  by  a  repetition  of  the  same  process,  (An.  dc  Ch.  ct  do  Ph.  xxiii.  and 
xxxviii.  131.) 

Titanic  acid,  when  pure,  is  quite  white.  It  is  exceedingly  infusible  and 
didicult  of  reduction  ;  and  after  being  once  Ignited  it  ceases  to  be  soluble  in 
acids,  except  in  the  hydrofluoric.  In  its  chemical  relations  it  is  analogous  to 
silicic  acid,  being  a  feeble  acid,  insoluble  in  water,  without  action  on  test 
paper,  but  combining  with  metallic  oxides.    In  the  state  of  hydrate,  as  when 
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precipitated  fnm  h^^drochloric  acid  by  boUingf,  or  when  oombiiied  with  an 
alkali  after  fhaion,  it  haa  a  singular  tendency  to  pue  tbrouffh  the  pores  of  a 
filter  when  washed  with  pore  water ;  bat  the  presence  of  a  Tittle  acid,  alkali, 
or  a  salt,  prerents  this  inoonTenience. 

If  preyioosly  ignited  with  carbonate  of  potassa,  titanic  acid  is  soluUe  in 
dilate  hydrodnoric  acid;  bnt  it  is  retained  in  sdotion  by  so  feeble  an  at^ 
traetion,  that  it  is  precipitated  merely  by  boiling.  It  is  likewise  thrown  down 
by  the  pore  and  carbonated  alkalies,  both  fixed  and  volatile.  A  solution  of 
gall-nuts  causee  an  orange-red  colour,  which  is  very  characteristic  of  titanic 
acid,  an  effect  which  appears  owing  to  tannin,  and  not  to  gallic  aoid.  When 
a  rod  of  zinc  is  suspended  in  the  eolation,  a  purple-coloured  powder,  probably 
the  protoxide,  is  precipitated,  which  is  gradually  converted  into  titanic  acid. 

Bichloride  tif  Tlttanison. — This  substance  was  discovered  in  the  year  1834 
bj  Mr.  George  of  Leeds,  by  transmitting  dry  chlorine  zas  over  metallic  tita- 
nium at  a  red  heat  Rose  prepared  it  for  his  analysis  b^  heating  a  mixture 
of  titanic  acid  and  charcoal  in  a  tube,  through  which  ixj  chlorine  gas  was 
passing :  the  resulting  bichloride  was  puri&d  from  adhering  free  chlorine 
by  agitation  either  wiui  mercury  or  potassium,  and  repeated  distillation.  At 
common  temperatures  it  is  a  transparent  colourless  fluid  of  considerable 
specific  gravity,  boils  violently  at  a  temperature  a  little  above  212^,  and  con- 
denses again  without  change.  Dumas  has  shown  that  the  density  of  its 
vapour  may  be  estimated  at  6.615.  In  open  vessels  it  is  attacked  by  the 
moisture  of  the  atmosphere,  and  emits  dense  white  fumes  of  a^  pungent 
odour  similar  to  that  of  chlorine,  but  not  so  offensive.  On  adding  a  few 
drops  of  water  to  a  few  drops  of  the  liquid,  combination  ensues  with  almost 
explosive  violence,  from  the  evolution  of  intense  heat;  and  if  the  water  is  not 
in  excess  a  solid  hydrate  is  obtained.  On  exposure  to  the  air  it  deliauesces, 
and  on  adding  water  the  greater  part  is  dissolved.  The  bichbride,  when  ex- 
posed to  an  atmosphere  of  dry  ammonia,  absorbs  a  large  quantity  of  the 
gas,  and  becomes  solid.  It  was  from  this  compound  Liebig  prepared  metallic 
titanium. 

BtKuiptaurti  of  Tellium.— This  compound  was  discovered  by  Rose,  who 
prepared  it  by  transmitting  the  vapour  of  bisulphuret  of  carbon  over  titanic 
acid,  healed  to  whiteness  in  a  tube  of  porcelain.  It  occurs  in  thick  green 
masses,  which  by  \ht  least  friction  acquire  a  dark  yellow  colour  and  metal- 
lic lustre.  When  heated  in  the  open  air,  it  is  converted  into  sulphurous  and 
titanic  acids.  Bj  acids  it  is  slowly  decomposed,  and  is  dissolved  by  hydro- 
chloric acid  with  disengagement  of  hydrosulphuric  acid  gas. 

TELLURIUM. 

Tellurium  is  a  rare  metal,  hitherto  foand  only  in  the  gold  mines  of  Tran- 
sylvania, and  even  there  in  very  small  quantity.  Its  existence  was  inferred 
by  Moller  in  the  year  1782,  and  fully  established  in  1798  by  Klaproth,  who 

Sve  it  the  name  of  (eStirium,  from  Ullus^  the  earthy  suggested  by  the  source 
»m  which  be  drew  the  name  of  uranium.    (Contributions,  iii.)    It  occurs 
in  the  metallic  state,  chiefly  in  combination  with  gold  and  silver. 

TcUarium  has  a  tin-wlyte  colour  running  into  lead-gray,  a  strong  metallic 
lustre,  and  lamcUated  texture.  It  is  very  brittle,  and  its  density  is  6.115. 
It  fuses  at  a  temperature  below  redness,  and  at  a  red  heat  is  volatile.  When 
heated  before  tbe  blowpipe  it  takes  fire,  burns  rapidly  with  a  blue  flame 
bordered  with  green,  and  is  dissipated  in  gray-coloured  pungent  inodorous 
fiimes.  The  odour  of  decayed  horse-radish  is  sometimes  emitted  during  the 
combustion,  and  was  thought  by  Klaproth  to  be  peculiar  to  tellurium ;  but 
Berzelios  ascribes  it  solely  to  the  presence  of  selenium. 

From  some  late  experiments  of  Berzelius  the  equivalent  of  tellurium  is 
WJ2,  being  nearly  double  the  number  stated  in  the  table  at  page  141.  Its 
compounds  described  in  this  section  are  thus  constituted  :— 

33 
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Oneeq. 
Tellurium.  Equiv.       FormufaB* 

Tellnrouiacid         64i2+Oz7sr.  16       9eq.B80.3    Te+20orT« 

Tdluricacid  64J2+do.        34        3  eq.»  88J2    Te+30orTe. 

Chloride  64^-f  Chlor.  35.42     1  eq.s  99.63  Te+d  or  TeCL 

Bichloride  642+ da        70.84     3  eq.=:135.04  Te+3C1  or  TtCi*. 

Biiolpharet  64.2 +  Sulph.  33.2      2  eq.»  96.4   Te+3Sor  TeSt. 

Penralphoret  Composition  unoertain. 

HydroteUaric  acid  64i2+Hydr.    1  1  eq.»  65.3     Te+H  or  TeH. 

TeUurmu  Acid, — ^This  compound,  also  called  oxide  of  teUttrutm,  is  gene- 
rated by  the  action  of  nitric  acid  on  teUarium,  by  which  acid  H  is  diasoiYed ; 
but  the  solution  possesses  such  little  permanence  that  mere  affusion  of  water 
precipitates  part  of  it  and  the  rest  is  obtained  by  eraporating  to  diyneas.  In 
thb  state,  it  is  a  white  granular  anhydrous  powder,  which  slowly  reddens 
moist  litmus  paper,  and  is  insoluble  in  water  and  acids.  By  pure  potassa  or 
■oda  in  solution  it  is  dissolved,  and  is  rendered  soluble  by  fusion  with  the 
alkaline  carbonates,  forming'  with  those  alkalies  crystallizable  salts.  Acids, 
added  in  slight  excess  to  the  alkaline  solutions,  throw  down  tellurous  acid  as 
a  white  flaky  hydrate,  which  if  washed  in  ice-cold  water,  and  dried  at  a 
temperature  not  exceeding  53^,  may  bo  preserved  unchanged.  In  this  state 
it  is  freely  soluble  in  aci(u,  in  ammonia,  in  the  alkaline  carbonates,  from 
which  it  expels  carbonic  acid,  and  even  to  considerable  extent  in  pure  water. 
Its  aqueous  solution  reddens  litmus  paper :  it  becomes  turbid  at  68^,  and  the 
acid  which  falls  is  no  longer  soluble  in  acids.  In  these  properties  tellurous 
acid  closely  resembles  the  titanic  and  several  other  feeble  acids,  which  have 
a  soluble  bydrated  state  easily  convertible  into  an  insolnble  anhydrous  one. 
Its  salts  are  precipitated  black  by  hydrosulphuric  acid,  bisulpburet  of  tellu- 
rium  being  formed.  It  is  deoxidized,  when  metallic  tellurium  faUs  as  a  black 
powder,  when  a  piece  of  zinc,  tin,  iron,  or  antimony  is  lefl  in  its  solution. 

Tdlurie  Acid. — ^The  process  which  Berzelios  recommends  for  preparing 
this  compound  is  either  to  deflagrate  tellurous  acid  with  nitre,  or  to  mix  pure 
potassa  freely  with  a  solution  of  tellurite  of  potassa,  and  to  saturate  fully  with 
chlorine.  Nitric  acid  in  slight  excess  and  a  little  chloride  of  barium  are 
added,  in  order  to  precipitate  any  traces  of  sulphuric  and  selenic  acids :  and 
after  separating  the  precipitate  by  filtration,  the  liquid  is  exactly  neutralized 
with  ammonia,  and  chloride  of  barium  added  as  long  as  it  causes  a  precipi- 
tate.  The  tellarate  of  barjta  is  washed,  dried  by  a  gentle  heat,  and  then 
digested  with  a  fourth  of  its  weight  of  strong  sulphuric  acid  previously  diluted 
with  water :  the  filtered  solution  is  then  concentrated  by  a  water  bath,  and, 
on  cooling  or  subseauent  spontaneous  evaporation,  yields  hydrated  telluric 
acid  in  uie  form  of  fiat  six-sided  prisms.  Adhering  sulphuric  acid  is  re- 
moved by  alcohol. 

7Us  hydrate  consists  of  one  eq.  of  acid  and  three  eq.  of  water.  When  heated 
at  212^  it  loses  two  of  its  equivalents  of  water ;  and  on  heatin?  still  further 
all  its  water  is  expelled,  and  the  anhydrous  acid  of  a  lemon-yellow  colour  re- 
mains. In  this  state  it  is  insoluble  in  all  fiuids,  whereas  the  hydrated  acid 
is  soluble  in  water ;  and  the  salts  of  the  former  differ  from  those  which  the 
latter  forms  with  the  same  bases.  Hence  heat  modifies  the  character  of  tel- 
luric acid  much  in  tlie  same  way  as  that  of  phosphoric  acid.  At  a  heat  be- 
yond  that  required  to  render  it  anhydrous,  telluric  acid  loses  oxygen  and  is 
reduced  to  tellurous  acid.    (Pog.  Annalen,  xxviii.  392.) 

CAIoride. — Rose  obtained  it  by  passing  a  feeble  current  of  chlorine  gas 
over  tellurium  at  a  strong  heat,  when  the  chloride  passes  over  as  a  violet 
vapour,  which  at  first  condenses  into  a  black  liquid,  and  when  quite  cold 
becomes  a  solid  of  tlie  same  colour.  By  the  action  of  water  it  deposites  me- 
tallic tellurium,  and  the  bichloride  is  dissolved. 

Biehioride.^Sioae  obtained  this  in  the  same  manner  as  the  preceding 
chloride,  except  using  a  lower  heat  ahd  a  more  liberal  supply  of  chlorine. 
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The  bichloride  is  also  volatile,  and,  after  beingr  purified  from  free  chlorine  by 
agitation  with  mercury,  and  a  second  distillation,  it  condenses  into  a  white 
eryvtalline  solid.  By  a  ^ntle  heat  it  yields  a  brown  liquid,  but  recovers  its 
whiteness  on  coolinp.    (Pog.  Annalen,  zxi.  443.) 

Bistdphuret. — This  compound  falls  of  a  dark  brown,  nearly  black  colour, 
when  hydrosulphuric  acid  gas  is  transmitted  through  a  solution  of  bichloride 
of  tellurium,  tellurous  acid,  or  any  soluble  tellurite.  This  sulphuret  is  what 
Benelius  calls  a  sulphur^cid,  forming  a  soluble  sulphur-salt  by  uniting  with 
sulphuret  of  potassium.  Hence  a  solution  of  caustic  potassa  dissolves  bisul- 
pfauret  of  tellurium, 'producing  the  same  kind  of  change  as  on  sulphuret  of 
antimony.    (Page  379.) 

Pernupkuret. — ^This  compound  falls  of  a  deep  yellow  colour,  when  a  salt 
of  telluric  acid  is  mixed  in  solution  with  persulpburet  of  potassium.  Its  ex- 
istence is  but  transient,  as  it  is  quickly  transformed  into  bisulphuret  and  be- 
comes black. 

HydroteUuric  Acid, — This  gas,  discovered  by  Davy  in  1809,  is  formed  br 
acting  with  hydrochloric  acid  on  an  alloy  of  tellurium  with  zinc  or  tin.  It 
has  the  properties  of  a  feeble  acid,  very  analogous  in  odour,  and  apparently 
in  composition,  to  hydrosulphuric  acid ;  it  is  absorbed  Inr  water,  forming  a 
claret-coloured  solution  ;  and  it  precipitates  many  metallic  salts,  yielding  an 
alloy  of  tellurium  with  the  other  metal.  It  is  deprived  of  its  hydrogen  by 
chlorine,  nitric  acid,  or  oxygen  of  the  atmosphere,  tellurium  being  separated. 
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COPPER. 

CorrsE  is  one  of  the  most  abundant  of  the  metals,  and  was  well  known  to  the 
ancients.  Native  copper  is  by  no  means  uncommon,  being  found  more  or 
less  in  most  copper  mines :  it  occurs  in  large  amorphous  masses  in  some 
parts  of  America,  and  is  sometimes  met  wiUi  in  octohedral  crystals  or  in 
some  of  the  forms  allied  to  the  octohedron.  Stromeyer  has  lately  discovered 
it  in  several  specimens  of  meteoric  iron,  but  in  a  qoantiiy  not  exceeding 
S-lOOOths  of  the  mass.  The  copper  of  commerce  is  extracted  chiefly  from 
the  native  sulphuret;  especially  from  copper  pyrites,  a  double  sulphuret  of 
iron  and  copper.  The  first  part  of  the  process  consists  in  roasting  the  ore, 
so  as  to  bum  off  some  of  the  sulphur,  and  leave  the  remainder  as  a  subsulphate  of 
the  oxides  of  iron  and  copper.  The  mass  is  next  heated  with  some  unroasted 
ore  and  siliceous  substances,  by  which  means  much  of  the  iron  unites  in  the 
state  of  black  oxide  with  silicic  acid,  and  rises  as  a  fusible  slag  to  the  sur- 
face; while  most  of  the  copper  returns  to  the  state  of  sulphuret  It  is  then 
subjected  to  long-continued  roasting,  when  the  greater  part  of  the  sulphur 
escapes  as  sulphurous  acid  and  the  metal  is  oxidized ;  after  which  it  is  re- 
duced  by  charcoal,  and  more  of  the  iron  separated  as  a  silicate  by  the  addi- 
tion  of  sand.  Lastly,  the  metal  is  strongly  heated  while  a  current  of  air 
plays  upon  its  sur&ce:  the  impurities,  chiefly  sulphur  and  iron,  being 
more  oxidable  than  copper,  combine  with  oxygen  by  preference,  and  the 
copper  is  at  length  left  in  a  state  of  parity  sufficient  for  the  purposes  of  com- 
merce. 

Copper  is  distinguished  firom  all  other  metals,  titanium  excepted,  by  having 
a  red  colour.  It  receives  a  considerable  lustre  by  polishing.  Its  density, 
when  fused,  is  8.895,  and  it  is  increased  by  hammering.  It  is  both  ductile, 
and  malleable,  and  in  tenacity  is  inferior  only  to  iron.  It  is  hard  and 
elastic,  and  consequently  sonorous.  Its  point  of  fusion  is  1996^  F.  accord- 
ing  to  Mr.  Daniell,  being  less  fusible  than  silver  and  more  so  than  gold. 

Copper  undergoes  little  change  ia  a  perfectly  dry  atmosphere;  but  i*> 
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ru«(ed  in  a  •hort  time  by  expomire  to  air  and  mobtiire,  hmng  oonTCVted  into 
a  gnea  mlwtancg,  carbonata  of  the  black  oxide  of  copper.  At  a  red  heat  it 
abeorbe  oxygen,  and  is  converted  into  bUck  ecalee  of  oxide.  It  is  attacked 
with  difficulty  by  hydrochloric  and  sulphuric  acids,  and  not  at  aU  by  sola- 
tiona  of  the  vegetablB  acids,  if  atmospheric  air  be  excluded ;  but  if  air  have 
free  access,  the  metal  absorbs  oxygen  with  rapidity,  the  attraction  of  the 
acid  for  the  oxide  of  copper  cooperating  with  that  of  the  copper  fin*  ozTcen. 
Nitric  acid  acts  with  violence  on  copper,  forming  a  nitrate  of  the  back 
oxide. 

The  moat  trustworthy  experiments  for  determining  the  equivalent  of 
copper  are  those  of  Berzelius  on  the  reduction  of  the  buck  oxide  by  means 
of  hydroffcn  gas  at  a  red  heat  According  to  the  best  of  his  analyses, 
8  parts  of  oxygen  unite  with  31.6  parts  of  copper  to  conititote  the  talat^ 
oxide ;  and,  tlusrefere,  if  this  oxide  be  formed  of  an  atom  of  oxygen  united 
with  an  atom  of  copper,  the  equivalent  of  this  metal  will  be  31.6.  This 
opinion,  which  I  have  adopted,  is  maintained  hj  Thomson,  Benelius,  and 
many  Continental  chemists.  Others  consider  it  as  a  binoxide,  regardio|P 
red  oxide  of  copper  as  the  real  protoxide ;  and  theae  take  twice  31.6  or  63^ 
as  the  equivalent  of  copper.  The  principal  arguments  in  &vour  of  the  former 
view  are  these : — 1,  the  red  oxide  has  very  much  the  character  of  a  «ifAsfu2s, 
a  term  frequently  used  to  designate  an  oxide  which  has  little  or  no  tendency 
lo  unite  with  acids,  and  which  contains  less  than  one  atom  of  oxygen  to  one 
atom  of  metal ;  2,  the  product  of  the  equivalent  and  specific  heat  of  most 
metals  is  a  constant  quantity,  and  copper  coincides  with  the  law,  provided 
the  black  oxide  contain  an  atom  of  each  element  (page  35) ;  3,  the  salts  of 
the  black  oxide  are  iaomorphous  with  the  salts  of  protoxide  of  iron,  which 
gives  a  strong  presumption  that  these  oxides  possesa  the  same  atomic  con- 
Btitntion. 

The  composition  of  the  compounds  described  in  thb  section  is  as  follows: — 

Copper.  Equiv.    FormuUe. 

Had  or  dioxide       63J3  3  eq.4-Oxygen        8       1  eq«.  7L3    SCu^O. 

Black  or  protioide  31.6  1  eq.4-do.  8       1  eq.ea  39.6    Cu+O. 

Superoxide         .    31.6  1  eqO-do.  16       3  eq.^  47.6    Cu+90. 

Diohloride         .    63J9  3  eq.4.Chlorine  35^  1  eq.s  98.63  2Co4-a. 

Chloride  .    31.6  1  eqJ.do.  35.42  1  eq.a  67.03  Cu+CL 

Diniodide  .«63J3  3  eq^.  Iodine      136.3    1  eq.s  189.5    9Cu-fI. 

Disulphoret       .    63.3  3  eq^-Sulphur  16.1     1  eq.s  79.3    2Cu+& 

Sulphuret  .    31.6  1  eq^da  16.1     1  eq.»  47.7    Cu+S. 

Triphosphuret  .    94  8  3  eq.4.Phosph.  15.7     1  cq.sllO.5    SCvh^P. 

Subsesquiphosph.  94.8  3  eq4.do.  31.4    3  cq.8l36i2    3Cu+3P 

Cyanuret  .    31.6  1  eq^.Cyanogen  26.39  1  eq.ax57.99    Cu-f-Cy. 

^^J-^^Sl  a«,.+  5^y-^2^  ;«U»  I«,.-191.79  9Cu+C,8. 

Red  Oxide, — ^Thia  compound  occurs  native  in  the  form  of  octohedral 
erystala,  and  is  found  of  peculiar  boauty  in  the  mines  of  Cornwall.  It  may 
be  prepared  artificially  by  heating,  in  a  covered  crucible,  a  mixture  of  31.6 
parts  of  copper  filings  with  39.6  of  the  black  oxide ;  or  still  better  by  ar- 
ranging thin  copper  plates  one  above  the  other,  with  interposed  strata  of  the 
Made  oxide,  and  exposing  them  to  a  red  heat  carefully  protected  from  the 
air.  Another  method  is  by  boiling  a  solution  of  acetate  of  protoxide  of 
copper  with  sugar,  when  the  suboxide  subsides  aa  a  red  powder ;  and  another 
is  to  fuse  at  a  low  red  heat  the  dichloride  of  copper  with  about  an  equal 
weight  of  carbonate  or  bicarbonate  of  soda,  subsequently  dissolving  the  aea- 
salt  by  water,  and  drying  the  red  powder. 

In  this  case,  by  an  interchange  of  elements, 

1  eq.  dichloride  of  copper  3Cu  4- C13  leq.  red  oxide  .  .  .  52Cu4.0 
and  1  eq.  soda     ....    Na  4.O  '§^and  1  eq.  chloride  of  sodium  Na  4.  C 

The  red  oxide  of  copper  has  a  density  of  6.093,  and  in  colour  is  very. 
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■iaultf  to  copper.  It  may  be  preserved  in  a  dry  atmosphere;  but  «t  a 
red  heat  it  abeorbe  oxyfeo,  and  is  converted  into  the  protoxide.  Dilate 
aeida  act  on  it  very  slowfy ;  and  the  resulting  solution,  as  is  indicated  by  its 
tint,  does  not  arise  from  the  union  of  the  red  oxide  itself  with  the  acid,  but 
from  its  being  resolved,  like  other  suboxides,  into  metal  and  a  protoxide. 
With  stronff  nitric  acid  it  is  oxidized,  binoxide  of  nitrogen  escapes,  and  a 
nitrate  of  the  black  oxide  is  formed.  Strong  hydrochloric  acid  forms  with 
it  a  colourless  solution,  from  which  alkalies  throw  it  down  as  a  hydrate  of 
an  orange  tint  In  this  state  it  readily  absorbs  oxygen  from  the  air.  The 
red  oxide  of  copper  is  soluble  in  ammonia,  and  the  solution  is  quite  colour- 
lew  ;  bat  it  becomes  blue  with  surprising  rapidity  by  free  exposure  to  air, 
owing  to  the  formation  of  the  black  oxide. 

Blade  Oxide, — This  compound,  the  copper  black  of  mineralogists,  is 
sometimes  found  native,  being  formed  by  the  spontaneous  oxidation  of  other 
ores  of  copper.  It  may  be  prepared  artificially  by  calcining  metallic  cop. 
per,  by  precipitation  from  the  ssits  of  copper  by  means  of  pure  potossa,  and 
by  heating  nitrate  of  copper  to  redness.  It  varies  in  colour  from  a  dark 
brown  to  a  bluish-Uack,  according  to  the  mode  of  formation,  and  its  density 
is  6.401.  It  undergoes  no  change  by  heat  alone,  but  is  readily  reduced  to 
the  metallic  state  by  heat  and  combostible  matter.  It  is  insoluble  in  water, 
and  does  not  affect  the  vegetable  blae  colours.  It  combines  with  nearly  all 
the  acids,  and  most  of  its  salts  have  a  green  or  blue  tint  It  is  soluble  like- 
wise in  ammonia,  forming  with  it  a  deep  blue  solution,  a  property  by  which 
protoxide  of  copper  is  distinguished  from  all  other  substances. 

The  salts  of  protoxide  of  copper  are  distinguished  from  most  substances 
by  their  colour,  and  are  easily  recogniied  by  reagents.  When  pure  soda  or 
potassa  is  mixed  with  a  solution  of  sulphate  of  the  protoxide,  a  greenish-bluo 
disalphate  at  first  subsides ;  but  as  soon  as  the  alkali  is  added  in  excess,  a 
blae  bulky  hydrate  of  the  oxide  is  formed,  which  is  decomposed  by  boiling, 
and  consequently  becomes  black.  Pure  ammonia  also  throws  down  the 
disulphate  when  carefully  added ;  but  an  excess  of  the  alkali  instantly  re- 
dissolves  the  precipitate,  and  forms  a  deep  blue  bolution.  Alkaline  carbo- 
nates cause  a  bluish-green  precipitate,  carbonate  of  the  protoxide,  which  is 
redissolved  by  an  excess  of  carbonate  of  ammonia.  It  is  precipitated  as  a 
dark  brown  salpburet  by  hydrosulphuric  acid,  and  as  a  reddish-brown  ferro- 
cyanuret  by  ferrocyanuret  of  potassium.  It  is  thrown  down  of  a  yellowish- 
white  colour  by  albumen,  and  M.  Orfila  has  proved  that  this  compound  is 
inert,  so  that  albumen  is  an  antidote  to  poisoning  by  copper. 

Copper  is  separated  in  the  metallic  state  by  a  rod  of  iron  or  zinc.  The 
copper  thus  obtained,  after  being  digested  in  a  dilute  solution  of  hydrochloric 
acid,  is  almost  chemically  pure. 

The  best  mode  of  detecting  copper,  when  supposed  to  be  present  in  mixed 
fluids,  is  by  hydrosulphuric  acid.  The  sulphurct,  afler  being  collected,  and 
heated  to  redness  in  order  to  char  organic  matter,  should  be  placed  on  a 
piece  of  porcelain,  and  be  digested  in  a  few  drops  of  nitric  acid.  Sulphate 
of  protoxide  of  copper  is  formed,  which,  when  evaporated  to  dryness,  strikes 
the  characteristic  deep  blue  tint  on  the  addition  of  ammonia. 

Superoxide. — This  oxide  was  prepared  by  Thenard  by  the  action  of  per- 
oxide of  hydrogen  diluted  with  water  on  tlie  bydrated  black  oxide.  It 
suffers  spontaneous  decomposition  under  water;  but  it  may  be  dried  in 
vacuo  bv  means  of  sulphuric  acid. 

DicMoride. — ^When  copper  filings  are  introduced  into  an  atmosphere  of 
chlorine  ras,  the  metal  takes  fire  spontaneously,  and  both  the  chlorides  are 
graerated.  The  dicMaride  may  be  conveniently  prepared  by  heating  copper 
filing  with  twice  their  weight  of  corrosive  sublimate.  In  this  way  it  was 
originally  made  by  fio^le,  who  termed  it  restn  of  copper^  from  its  resem- 
blance  to  common  resin.  Proust,  who  called  it  white  muriate  of  copper^ 
procured  it  by  the  action  of  protochloride  of  tin  on  chloride  of  copper ;  and 
also  by  decomposing  the  chloride  by  heat,  air  being  exdaded.    It  is  sbwly 
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deposited  in  eryeUUine  flTaiiu,wheii  tlie  green  aolatton  of  chloride  of  eopper 
is  kept  in  a  corked  bottfo  in  contact  with  metallic  copper. 

The  dichloride  of  copper  is  fusible  at  a  heat  just  below  redneee,  and  bean 
a  red  heat  in  eloee  vessels  without  subliming.  It  is  insoluble  in  water, 
but  dissoWes  in  hydrochloric  acid,  and  is  precipitated  unchanged  by  water 
as  a  white  powder.  Its  colour  varies  with  the  mode  of  preparation,  being 
white,  yellow,  or  dsrk  brown.  It  is  apt  to  absorb  oxygen  from  the  atmo- 
sphere, forming  a  rreen-ooloured  compound  of  oxide  and  chloride  of  cop- 
per ;  a  change  to  which  the  dichloride  prepared  in  the  moist  way  is  peca- 
liarly  prone. 

Chloride. — The  chloride  of  copper  is  obtained  in  solution  of  a  green 
colour  by  dissolving  protoxide  of  copper  in  hydrochloric  add,  and  crystal- 
lites by  due  concentration  in  green  needles,  which  are  deliquescent  and  very 
sduble  in  alcohol.  When  heated,  the^  fuse,  lose  water,  and  the  anhydrous 
chloride  in  form  of  a  yellow  powder  is  left;  but  the  heat  must  not  exceed 
400°,  as  beyond  that  degree  the  chloride  loses  half  its  chlorine,  and  is  con- 
verted into  the  dichloride. 

Diniodide  of  Copper. — ^This  substance  is  obtained  by  addin?  iodide  of 
potassium  to  a  solution  made  of  the  sulphates  of  the  protoxides  of  copper  and 
iron,  both  in  crystals,  in  the  ratio  of  1  to  2|,  when  the  protoxide  of  iron 
takes  the  oxygen  of  the  oxide  of  copper,  and  the  iodine  the  metallic  copper, 
forming  a  white  precipitate,  the  diniodide.  It  may  be  dried,  and  wiU  bear 
a  high  temperature  in  close  vessels  without  change ;  but  if  heated  with  the 
oxides  of  iron,  manganese,  or  copper,  iodine  is  expelled,  and  the  copper 
oxidized.  (Psge  226.) 

Iodide  of  Vopper  is  scarcely  known.  For  on  mixing  a  salt  of  oxide  of 
copper  wi&i  iodide  of  potassium,  iodine  is  set  free  and  the  diniodide  of  cop- 
per falls.    A  small  quantity  of  iodide  of  copper  remains  in  solution, 

SulfkureU  of  Copper, — ^The  dinUpkuret  is  a  natural  production,  well 
known  to  mineralc^sts  under  the  name  of  eopper  glance;  and  in  combis»- 
tion  with  protosulpburet  of  iron,  it  is  a  constituent  of  Variegated  copper  ore. 
It  is  formed  artificially  by  beating  copper  filings  with  a  third  of  their  weight 
of  sulphur,  the  combination  being  attended  wiUi  such  free  disengagement  of 
heat,  that  the  mass  becomes  vividly  luminous. 

Sulphurei  of  Copper  is  a  constituent  of  copper  pyrites,  in  which  it  is 
combined  with  protosulphuret  of  iron.  It  may ^  be  fbrmed  artificially  by  the 
action  of  hydrosulphuric  acid  on  a  salt  of  copper.  When  ignited  without 
exposure  to  the  air,  it  loses  half  of  its  salphur,  and  is  converted  into  the 
disulphuret 

PhupkureU  of  Copper. — ^Rose  ststes  that  the  fripj^oi^tirsf  is  generaisd 
by  the  action  of  phosphuretted  hydrogen  gas  on  dichloride  of  copper;  the 
mutual  interchange  of  elements  being  such  that 

3  eq.dichloride  of  copper  3(2Cu4-CI)  3  2  eq.  triphosphuret  2(Cu-f  P) 

and  1  eq.  phosphuretted  hyd.  3H4-2P  -%  and  3  eq.  hydrocbl.  acid    3(U4-CL) 

The  suhseequiphoaphuret  is  formed  by  a  similar  interchange  between 
chloride  of  copper  and  phosphuretted  hydrogen,  so  that 

3  eq.  chloride  of  copper    3(C-f-uCl)  S  1  eq.  subsesquiphospburet  3Co4-2P 
and  I  eq.  phosp.  hyd.  8H+2P  '^  and  3  eq.  hydrochloric  acid  SCH+CI). 

Rose  obtained  the  prolophoephuret  by  the  action  of  hydrogen  gas  on 
phosphate  of  protoxide  of  copper  at  a  red  heat  All  these  phosphnrets 
reeeinble  each  other,  being  pulverulent,  of  a  gray  colour,  insoluUe  in  hydro- 
chloric, acid,  are  oxidized  and  dissolved  by  nitric  acid,  and  bum  with  a 
phosphorus  flame  before  the  blowpipe.  A  phosphuret  of  copper  is  also  ob- 
tained by  transmitting  phosphuretted  hydrogen  gss  through  a  solution  of 
sulphate  of  oxide  of  copper ;  but  the  dark  precipitate  which  falls  seems  to 
be  a  variable  mixture  of  different  phosphurets,  phosphoric  acid  being  gens- 
rated  at  the  same  time.  (An.  de  Ch.  et  de  Ph.  li.  47.) 
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.  ChfaimrH  of  Coppmr. — ^This  oompomid  is  formed  by  the  action  of  hydro- 
(mnic  acid  on  hydrated  protoxide  of  copper,  or  by  mixing  the  sulphate  of 
that  oxide  in  eolation  with  cyanoret  of  potaasiam.  It  falls  as  a  yellow  pre- 
cipitate, instable  in  water,  bat  soluble  m  hydrochloric  or  sulphuric  acid. 

jQieWpAeeyemtrtfl  of  Copper.-^^lt  appears  as  a  white  precipitate,  insolubla 
in  most  acids,  when  sulphocyanuret  of  potassium  is  added  to  a  mixed  solatian 
of  the  sulphales  of  the  protoxides  of  copper  and  iron. 


SECTION  XXIII. 

LEAD. 

This  metal  was  well  known  to  the  ancients.  As  a  native  production  it  is 
very  rare ;  but  in  combination  with  sulphur  it  occurs  in  great  quantity.  All 
the  lead  of  commerce  is  extracted  fVom  the  native  solphuret,  the  galena  of 
mineralogists.  This  ore,  in  the  state  of  coarse  powder,  is  heated  in  a  rever. 
beratory  furnace ;  when  part  of  it  is  oxidized,  yielding  sulphate  of  protoxide 
of  lead,  sulphuric  acid  which  is  evolved,  and  free  oxide  of  l«ui.  These 
oxidiaed  portions  then  react  on  sulphnret  of  lead :  by  the  reaction  of  two 
equivalents  of  oxide  of  lead  and  one  of  the  sulphuret,  three  equivalents  of 
metallic  lead  and  one  of  sulphurous  acid  result;  while  one  equivalent  of  the 
sulphuret  and  one  of  sulphate  mutually  decompose  each  other,  giving  rise  to 
two  equivalents  of  sulphurous  acid  and  two  of  metallic  lead.  Tne  sli^ 
which  collects  on  the  surface  of  the  fused  lead  contains  a  large  quantity  of 
■ulphate  of  protoxide  of  lead,  and  is  decomposed  by  the  addition  of  quickfime, 
the  oxide  so  separated  reacting  as  before  on  sulphuret  of  lead.  The  lead  of 
commerce  commonly  contains  silver,  iron,  and  copper. 

Ijead  has  a  bluish-gray  colour,  and  when  recently  cot,  a  strong  metallic 
lustre ;  but  it  soon  tarnishes  by  exposure  to  the  air,  acquiring  a  superficial 
ooating  of  carbonate  of  protoxide  of  lead.  (Christison.)  Its  density  is  11.353. 
It  is  soft,  flexible,  and  inelastic.  It  is  both  malleable  and  ductile,  possessing 
the  former  property  in  particular  to  a  considerable  extent  In  tenacity,  it  is 
inferior  to  all  ductile  metals.  It  fuses  at  about  612^  F.,  and  when  slowly 
cooled  forms  octohedral  crystak.  It  may  be  heated  to  wiuteneas  in  dose 
vessels  without  subliming. 

Lead  absorbs  oxy^ren  quickly  at  high  temperatures.  When  fused  in  open 
vessels,  a  gray  film  is  formed  -upon  its  surfiice,  which  is  a  mixture  of  metal- 
lic lead  and  protoxide ;  and  when  strongly  heated  it  is  dissipated  in  fumea 
of  the  protoxide.  In  distilled  water,  previously  boiled  and  preserved  in  dose 
vessels,  it  undergoes  no  change ;  but  in  open  vessels  it  is  oxidised  with  con- 
siderable rapidity,  yielding  minute,  shining,  brilliantly  white,  crystalline 
scales  of  carbonate  of  the  protoxide,  the  oxygen  and  the  carbonic  acid  being 
derived  from  the  air.  The  presence  of  saline  matter  in  water  retards  the 
oxidation  of  the  lead ;  and  some  salts,  even  in  veir  minute  quantity,  prevent 
it  altogether.  The  protecting  influence,  exerted  by  certain  substances,  was 
first  noticed  by  Guy ton-Morveau ;  bat  it  has  been  minutely  investigated  by 
Dr.  Christison  of  Edinburgh,  who  has  discussed  the  subject  in  his  excellent 
Treatise  on  Poisons.  He  finds  that  the  preservative  power  of  neutral  salts  is 
materially  connected  with  the  insolubility  of  the  compound  which  their  acid 
is  capable  of  forming  with  lead.  Thus,  phosphates  and  sulphates,  as  well 
as  chlorides  and  iodides,  are  highly  preservative;  so  small  a  quantity  as 
l-30,000th  part  of  phosphate  of  soda  or  iodide  of  potassium  in  distilled  water 
preventing  the  eorrosion  of  lead.  In  a  preservative  solution  the  metal  gains 
weight  during  oome  weeks,  in  consequenoe  of  its  surfibce  gradually  aoqui. 
ring  a  superficial  ooating  of  carbonate,  which  is  slowly  decomposed  by  tha 
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nline  matter  of  the  aolation.  The  metaUie  rarfroe  beinr  thoa  oorered  with 
an  inaoluble  film,  which  adherea  tenacioualy,  aU  further  ehan^  oeaaea. 
Many  kinda  of  apring  water,  owing  to  the  aalta  which  they  contam,  do  not 
corrode  lead;  and  hence,  thoarh  intended  for  drinking,  it  may  be  aaiely 
collected  in  leaden  ciatema.  Of  this,  the  water  of  Edinburgh  is  a  remark- 
able  instance.  . ,       »       •_ 

Lead  is  not  attacked  by  the  hydrochloric  or  the  vegetable  acids,  thoogh 
their  presenoe,  at  leaat  in  aome  instances,  acceleratea  the  absorption  of  ozy. 
gen  from  the  atmosphere  in  the  same  manner  aa  with  cooper.  Cold  aolphu- 
ric  acid  doea  not  act  upon  it;  but  when  boiled  in  that  liquid,  the  lead  is 
slowly  oxidized  at  the  expense  of  the  acid.  The  only  proper  solvent  for 
lead  is  nitric  acid.  This  reagent  oxidizes  it  rapidly,  and  forms  with  iu 
oxide  a  salt  which  crystallizes  in  opaque  octobedrona  by  evaporation. 

From  late  experiments  on  the  composition  of  the  protoxide  of  lead,  and  of 
the  nitrate  and  sulphate  of  that  oxide,  I  have  deduced  103.6  as  the  equivalent, 
a  number  which  airrees  very  closely  with  the  researches  of  BerzeKos  on  the 
same  subject  (Phil.  Trans.  1833,  part  il)  The  composition  of  iU  compounds 
described  in  this  section  u  as  follows: — 

Lead.  Equiv.       Formolc. 

Dinoxide      2075  2  eq.  4- Oxygen        8        1  cq«2155    SPb+O. 
Protoxide     103.6  1  eq.  +  do.  8        1  eq.=111.6       Pb+O. 

Peroxide       103.6  1  eq.  +  do.  16        2  eq. =119.6      Pb+20. 

i>^      .,   J310.8  3eq.4.do.  32        4  eq.  (=340fl3PH-4O 

Red  oxide  ^  ^^  ^^^^  333^  or  2eq.  -f  perox.  119.6  or  Icq.  ( ""'^   2pi;|.Pb. 

Chloride  103.6  1  eq.4.Cblorine      35.42  1  eq.sil39.02  Pb^-CL 

Iodide  103.6  leq.-f  Iodine  126.3    1  eq.=229.9  Pb+L 

Bromide  103.6  I  eq.  4- Bromine      78.4    1  eq.ssl82  Pb-f-Br. 

Fluoride  103.6  1  eq.X  Fluorine      18.68  1  eq.=sl22J28  Pbi-F. 

Sulphurct  103.6  1  eq.+ Sulphur       16J    1  eq.=sU9.7  Pb+S. 

Cyanuret     103.6  1  eq.  4.  Cyanogen    26.39  1  eqs:129.99    Pb^-Cy. 

Dinoxide  of  Lead. — ^Dulong  observed  that  on  heating  dry  oxalate  of  prot- 
oxide  of  lead  in  a  glass  tube  to  low  redness,  air  being  excluded,  a  mixture  of 
carbooie  acid  and  carbonic  oxide  gaaea  u  evolved,  and  a  suboxide  remains 
of  a  dark  sray,  nearly ;blaek,  colour.  '  Boussingault  has  lately  proved  that  it 
is  a  dinoxide.  It  does  not  unite  with  acids,  but  is  resolved  by  them  into  m 
aalt  of  the  protoxide  with  separation  of  metallic  lead.  (An.  de  Ch.  et  de  Ph. 
liv.  263.) 

Protoxide, — ^This  oxide  is  prepared  on  a  large  scale  by  collecting  the  gray 
film  which  forms  on  the  surface  of  melted  lead,  and  expoaing  it  to  heat  and 
air  until  it  acquires  a  uniform  yellow  colour.  In  this  state  it  is  the  maeeieoi 
of  commerce ;  and  when  partially  fused  by  heat,  the  term  litharge  is  applied 
to  it  As  thus  procured  it  is  always  mixed  with  the  red  oxide.  It  may  be 
obtained  pure  by  adding  ammonia  to  a  cold  solution  of  nitrate  of  protoxide 
of  lead  until  it  is  faintly  alkaline,  washing  the  precipitated  subnitrate  with 
cold  water,  and  when  dry,  heating  it  to  moderate  redness  for  an  hour  in  a 
platinum  crucible.  An  open  fire  should  be  used,  and  great  care  taken  to 
prevent  combustible  matter  in  any  form  from  contact  with  the  oxide.. 

Protoxide  of  lead  is  red  while  hot,  but  has  a  rich  lemon-yellow  colour 
when  cold,  is  insoluble  in  water,  fuses  at  a  bright  red  heat,  and  is  fixed  and 
unchangeable  in  the  fire.  Ito  density  is  9^14.  The  fused  protoxide  has  a 
highly  foliated  texture,  and  is  very  tough,  so  as  to  be  pulverized  with  diffi- 
cidty.  By  transmitted  light  it  is  yellow ;  but  by  reflected  light  it  appears 
green  in  some  parte  and  yeUow  in  others.  Heated  with  combustible  matters. 
Die  protoxide  parte  with  oxygen  and  is  reduced.  From  its  insolubility  it 
does  not  change  the  veffetaUe  colours  under  common  circumstances;  but 
when  rendered  soluble  by  a  small  quantity  of  acetic  acid,  it  has  a  distinct 
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tlUiM  iMetifln.  It  nnitMwithBoids,  and  Im  the  btteof ail  tke  nka  ofbad. 
most  of  which  are  of  a  white  colour. 

Protoxide  x>f  lead  is  precipitated  from  its  solutions  by  pare  alkalies  as  « 
white  hydrate,  which  is  redissolved  by  potassa  in  excess;  as  a  white  carbonate, 
which  18  the  well-known  pigment  tootle  Uad^  by  alkaline  carbonates;  as  a 
white  sulphate  by  soluble  sulphates ;  as  a  dark  bTbwn  solphuret  by  hydn^ 
nlphnric  add ;  aad  as  yellow  iodide  of  lead  by  hydriodic  acid  or  Aodide  of 
potassium. 

With  regard  to  the  poisonous  property  of  the  salts  of  leftd,  a  remarkabb 
ftet  has  been  observed  by  my  colleague  Dr.  A.  T.  Thomson,  who  has  proved 
that  of  all  the  ordinary  preparations  of  lead,  the  carbonate  is  by  far  the 
most  Tirulent  poison.  Any  nit  of  lead  which  is  easily  ooovartible  into  the 
carbonate,  as  for  instance  the  subacetate,  is  also  poisonoua ;  but  be  has  riven 
large  doses  of  the  nitrate  of  the  protoxide  and  chkride  of  lead  to  iwbits 
wiuont  producing  perceptible  inconvenience.  He  finds  that  acetate  of  prol> 
oxide  of  lead,  mixed  with  vinegar  to  prevent  the  formation  of  any  carbonate, 
may  be  freely  and  safely  administered  in  medical  practice. 

The  best  method  of  detecting  the  preeenee  of  lead  in  wine  or  other  suspect* 
ed  mixed  fluids  is  by  means  of  hydroeulphuric  acid.  The  sulphuret  of  lead, 
afler  bein^  collected  on  a  filter  and  washed,  is  to  be  digested  in  nitric  acid 
diluted  with  twice  its  weight  of  water,  until  the  dark  cokmr  of  the  sulpfalirat 
disappears.  The  solution  of  the  nitrate  should  then  be  brought  to  perfeet 
dryness  on  a  watch.giass,  in  order  to  expel  the  excess  of  nitric  acid,  and  the 
reaidue  be  redissolveid  in  a  small  quantity^  of  cold  water.  On  dropping  a 
partieie  of  iodide  of  potaasium  into  a.  portion  of  this  liquid,  yellow  iodide  of 
lead  will  instantlv  appear. 

Protoxide  of  lead  unites  readily  with  earthy  substances,  forming  with 
them  a  transparent  odourless  glass.  Owing  to  this  property  it  is  much  em. 
ployed  fiw  glazing  earthenware  and  porcelain.  It  enters  in  large  quantity 
into  the  composition  of  flint  glaas,  which  it  renders  more  fusible,  transparent, 
and  uniform. 

Lead  is  'Separated  from  its  salfa  in  the  metallic  state  by  iron  or  zinc.  The. 
best  way  of  demonstrating  this  fact  is  by  dissolving  1  part  of  acetate  of  pro 
to»de  of  lead  in  24  of  water,  and  suspending  a.  piece  of  zinc  in  the  sdution 
by  means  of  a  thread.  The  lead  is  deposit^  upon  the  zinc  in  a  peculiar  ar- 
borescent form,  ^ving  rise  to  the  appearance  cdled  arbor  Saiumi. 

Red  Oxid€4 — ^Thia  compound,  the  minium  of  commerce,  is  employed  as  a 
pigment,  and  in  the  manufacture  of  flint  glass.  It  is  formed  by  oaddizing 
Jeaid  by  heat  and  air  without  allowing  it  to  fuse,  and  then  exposing  it  in 
open  vessels  to  a  temperature  of  60<K>  or  700^,  while  a  current  of  air  plays 
upon  ita  surfiice.    It  slowly  absorbs  oxygen  and  is  converted  into  minium. 

This  oxide  does  not  unite  with  acids.  When  heated  to  redness  it  gives  off 
pure  oxyjgren  ^as,  and  is  reconverted  into  the  protoxide.  When  digested  in 
nitric  acid  it  is  resolved  into  protoxide  and  peroxide  of  lead,  the  former  of 
which  unites  with  the  acid,  while  the  latter  remains  as  an  insoluble  powder. 
From  the  fiicility  with  which  this  change  is  effected  even  by  acetic  add, 
most  chemisto  consider  red  lead,  not  so  much  as  a  definite  compound  of  lead 
and  oxygen,  but  as  a  salt  composed  of  the  protoxide  and  peroxide  as  stated  at 
page  392.  This  oxide  has  been  long  considered  as  a  sesquioxide,  an  error 
first  corrected  by  Dalton  (New  System  of  Chemistry,  ii.  41.),  whose  obser- 
vation  has  been  confirmed  by  Dumas  and  Phillips.  (An.  de  Ch.  et  de  Ph. 
xUx.  398,  and  Phil.  Mag.  N.  8.  iii.  125.)  Dumas  shows  that  the  minium  is 
not  unitbrm  in  composition,  butconsisto  of  variable  mixturea  of  the  protoxide 
with  real  red  lead.  The  former  may  be  oxidized  by  continued  exposure  to 
air  and  beat,  and  may  be  dissolved  by  acetic  acid  very  much  diluted  with 
cold  water. 

Peroxide, — ^This  oxide  may  be  obtained  by  the  action  of  nitric  acid  on 
minium,  as  just  mentioned ;  by  fusing  protoxide  of  lead  with  chlorate  of 
potassa,  at  a  temperature  short  of  r^ness,  and  removing  the  cMoride  of 
potassium  by  solution  in  water ;  and  by  transmitting  a  current  of  chlorine 
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gu  fhroVfh  a  foliitioii  of  aoeUto  of  the  protoxidB  of  kad.    In  the  bat  tho 
reaction  is  mich,  that 

1  eq.  chlorine  &  2  eq.  protox.  lead  S  1  eq.  perox.  lead  &  1  eq.  chloride  lead 
CL  2(Pb+0)        g^  Pb+20  Pb+CL 

The  chloride  u  removed  bj  washing  with  warm  water. 

Peroxide  of  lead  is  of  a  pace  coloiir,  is  ineolable  in  water,  and  is  resolved 
by  strong  ox-acids,  such  as  the  sulphuric  and  nitric,  into  a  salt  of  the  pro- 
toxide and  oxygen  gas.  With  hydrochloric  acid  it  yields  chlorine  gas  and 
chloride  of  leaiL  At  a  red  heat  it  emits  oxygen  gas  and  is  converted  into 
the  protoxide. 

CUoride  of  Lead^ — ^This  compoond,  sometimes  called  Asm  Uad^  is  slowly 
formed  by  the  action  of  chlorine  gas  on  thin  plates  of  lead,  and  may  be  ob- 
tained more  easily  by  addiner  hydrochloric  acid  or  a  solution  of  sea-salt  to 
acetate  or  nitrate  of  oxide  of  lead  dissolved  in  water.  This  chloride  dissolves 
to  a  considerable  extent  in  hot  water,  especiallv  when  acidulated  with  hydro- 
chloric acid,  and  separates  on  cooling  in  small  acicnlar  anhydrous  crystals 
of  a  white  coloor.  It  fuses  at  a  temperature  below  'redness,  and  forms  as  it 
oools  a  semi-transparent  mass,  which  has  a  density  of  5.133.  It  bears  a  full 
red  heat  in  close  vessels  without  subliming ;  but  in  open  vessels  it  smokes 
fiom  spurious  evaporation,  loses  some  of  its  chlorine  and  absorbs  oxygen, 
yielding  an  oxy-chloride  of  a  yeUow  colour. 

/odt&  of  Lead  iM  easily  formed  by  mixing  a  solution  of  hydriodic  acid  in 
excess  with  tlie  nitrate  of  protoxide  of  lead  dissolved  in  water ;  and  it  is  of 
a  rich  yellow  coloor.  It  is  dissolved  by  boiling  water,  forming  a  oolourloM 
solution,  and  is  deposited  on  cooling  .in  yellow  crystalline  scales  of  a  bril- 
liant lustre. 

Bromide  ofLead^-li  frlls  as  a  white  crystalline  powder,  of  sparing  sola- 
bility  in  water,  when  a  soluble  salt  of  lead  is  mixed  with  bromide  c^potas- 
slum  in  solution.  Exposed  to  heat  it  fuses  into  a  red  liquid  which  becomes 
yellow  when  cold. 

Fluoride  ef  head  is  formed  by  mixing  hydrofluoric  acid  with  acetate  of 
protoxide  of  lead,  and  falls  as  an  uncrystalline  white  powder  of  very  sparing 
solubility.  It  is  soluble  in  nitric  and  hydrochloric  acids,  but  is  decomposed 
when  tlie  solution  b  evaporated. 

BaljikurfiM  ef  Lead. — It  b  probable  that  lead  unites  with  sulphur  in  several 
different  proportions ;  but  the  Only  one  of  these  compounds  well  known  te 
chemists  is  the  native-  sulphuret,  galena^  which  occurs  in  cubic  crystals,  or 
in  fi>rms  allied  to  the  cube.  It  may  be  formed  artificially  by  fusing  lead  with 
sulphur,  or  by  the  action  of  bydrosulpburic  acid  on  a  salt  of  lead. 

Fhoofkuret  of  Lead  has  been  little  examined.  It  may  be  formed  by 
heating  phosphate  of  oxide  of  lead  with  charcoal,  by  mixing  a  solution  of 
phosphorus  in  alcohol  or  ether  with  the  solution  of  a  salt  of  lead,  or  by  the 
action  of  phonphoretted  hydrogen  on  a  simiUr  solution. 

Carburet  of  Lead  may  be  obtained  by  reducing  oxide  of  lead  in  a  state  of 
fine  division  and  intimate  admixture  with  charcoaL  It  is  also  generated 
when  salts  of  lead,  which  contain  a  vegetable  acid,  are  decomposed  by  heat 
in  dose  vessels.  (Beraelius.) 

Cyanuret  ef  Lead  falb  as  a  heavy  white  powder  when  cyanuret  of  potas- 
sium  b  mixed  with  a  solution  of  nitrate  of  oxide  of  lead,  or  hydrocyanic 
acid  with  the  acetate.  It  is  soluble  in  nitric  acid,  and  to  a  considerable 
extent  in  hot  water,  yielding  colourless  solutions.  Heated  to  gentle  red- 
ness,  it  gives  out  nitrogen  gas,  and  pyrophoric  carburet  of  lead  remains. 
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CLASS  II. 
ORDER  IIL 

METALS,  THE  OXIDES  OF  WHICH  ARE  REDUCED  TO  THE 
METALLIC  STATE  BY  A  RED  HEAT. 

SECTION  XXIV. 

MERCURY  OR  QUICKSILVER. 

Thtb  metal  was  well  known  to  the  ancients.  The  principal  mines  from 
which  it  ia  obtained  are  those  of  Idria  in  Carniola,  and  Almaden  in  ^«ln, 
where  it  is  feund  both  in  the  native  state  and  combined  with  sulphur  as  cin- 
nabar,  the  latter  being  the  most  abundant.  From  this  ore  the  metal  is  ex^ 
tracted  b^  heating  it  with  lime  or  iron  filings,  by  which  means  tlie  mercury 
is  volatihzed  and  the  sulphur  retained.  As  prepared  on  a  large  scale  it  is 
usually  mixed  in  small  quantity  with  other  metals,  from  which  it  may  be 
purified  by  cautious  distillation. 

Mercury  is  distinguished  from  all  other  metals  by  bein^  fluid  at  common 
temperatures.  It  has  a  tin- white  colour  and  strong  metauic  lustre.  It  be- 
comes  solid  at  a  temperature  which  is  39  or  40  degrees  below  zero ;  and  in 
congealing,  it  evinces  a  strong  tendency  to  crystidlize  in  octohedrons.  It 
contracts  greatly  at  the  moment  of  congelation  ;  for  while  its  density  at  47^ 
is  13.568,  that  of  fix)zen  mercury  is  15.612.  When  solid  it  is  malleable,  and 
may  be  cut  with  a  knife.  At  662°  or  near  that  degree,  it  enters  into  ebulli- 
tion, and  condenses  again  on  cool  surfaces  into  metallic  globules. 

Mercury,  if  <^uite  pure,  is  not  tarnished  in  the  cold  by  exposure  to  air  and 
moisture;  but  if  it  contain  other  metals,  the  amalgam  of  those  metals  oxi- 
dizes readily,  and  collects  a  film  upon  its  surface.  Mercury  is  said  to  be 
oxidized  by  long  agitation  in  a  bottle  half  fiill  of  air,  and  the  oxide  so  formed 
was  c  alld  by  £)erhaave  ethiops  per  se ;  but  is  very  probable  that  the  oxida- 
tion of  mercury  observed  under  these  circumstances  was  solely  owing  to  the 
presence  of  other  metals.  When  mercury  is  exposed  to  air  or  oxygen  jras, 
while  in  the  form  of  vapour,  it  slowly  absorbs  oxygen,  and  is  converted  into 
peroxide  of  mercury. 

The  only  acids  that  act  on  mercury  are  the  sulphuric  and  nitric  adds. 
The  former  has  no  action  whatever  in  the  cold ;  but  on  the  application  of 
heat,  the  mercury  is  oxidized  at  the  expense  of  the  acid,  >  pure  sulphurous 
acid  gas  is  disengaged,  and  a  sulphate  of  mercury  is  generated.  Nitric  acid 
acts  energetically  upon  mercury  both  with  and  without  the  aid  of  heat,  oxi- 
dizing and  dissolving  it  with  evolution  of  btnoxide  of  nitrogen. 

From  some  late  analyses  of  the  peroxide  and  chlorides  of  mercury,  I 
have  inferred  that  its  equivalent  is  202.  (PhiL  Trans.  1833,  part  iL)  The 
composition  of  its  compounds  described  in  this  section  is  as  follows : — 

Mercury.  Equiv.  Formulie. 

Protoxide        202  1  eq.+Oxygen     8     1  eq.=:210       Hg+0  or  Hg. 

Peroxide  202 1  eq.+    do        16     ,2  eq.=218       Hg+20orHV 

Protochloride  202  1  eqO-Chlorine  35.42  1  eq.=237.42  Hg+Cl  or  HgCl. 
Bichloride       202  1  eq.+do  70.84  2  eq.=272.84  Hg-f  2a  or  HgCI«. 

Protiodide       202  1  eq.4.Iodme      126.3  1  eq.=s:  328.3     Hg4-IorHgI. 

404  2  eo^  do.         378J  3  efl.= 782.9  2Hir4-3I  or  Hff«H 


Sesquiodide     404  2  eq. 


do.         378^  3  eq.= 782.9  2Hg+3I  or  Hgji'. 


Biniodide        202  1  eq.-  -  do.         252.6  2  eq.=454.6    Hg-f  21  or  Hgl«. 
Protobromide  202  1  eq4. Bromine    78.4  1  eq.= 280.4    Hg-f  Br  or  HgBr. 


Mercary.  EquiT.  FornrabB. 

Bibromidtt      303  1  eq.4-BR>miiie  156^  8  eq^dsas   H||r^.3Br  or  HgBrS. 

phul^       J  303  1  oq+Sulphur     16.1 1  eq«  318.1    Hg+SorHgS. 
Bisttlphnret     303  1  eq^  da  33il  3  eq.B3343    Hg4.3S  or  HgS*. 

fiioTuiuret      303  1  eq.+Cyano.    53.78  3  eq.=33a39  Hg^-SCy  or  OgCj, 

Protoxide. — ^This  oxide,  which  is  a  black  powder,  inaolable  in  water,  if 
best  prepared  by  the  process  recommended  by  Donoran.  (An.  of  PhiL  xiT.) 
Tiiis  consists  in  mixing  calomel  briskly  in  a  mortar  with  pure  potassa  in 
excess,  so  as  to  effect  its  decomposition  as  rapidly  as  possible :  the  protoxide 
is  then  washed  with  cold  water,  and  dried  spontaneously  in  a  dark  place. 
These  precantions  are  rendered  necessary  by  the  tendency  of  the  protoxide 
to  resolve  itself  into  the  peroxide  and  metallic  mercury,  a  chan^  which  is 
easil}^  effected  by  heat,  bv  the  direct  solar  rays,  and  even  by  dajrlight  It  is 
on  this  account  very  difficult  to  procore  protoxide  of  mercury  in  a  state  of 
absolute  purity. 

This  oxide  is  precipitated  from  its  salts,  of  which  the  nitrate  is  the  most 
interesting,  as  the  black  protoxide  by  pure  alkalies ;  as  a  white  carbonate, 
which  soon  becomes  dark  from  the  loss  of  carbonic  acid,  by  alkaline  cajr- 
booates ;  as  calomel  by  hydrochloric  acid  or  any  soluble  chloride ;  and^  as 
the  Uack  protosulphuret  by  hydroeulphuric  acid.  Of  these  tests,  the  action 
of  hydrochloric  acid  is  the  most  characteristic  The  oxide  is  reduced  to  the 
metallic  state  by  copper,  phosphorous  acid,  or  protochloride  of  tin. 

Peroxide. — ^This  oxide  may  be  formed  either  by  the  combined  agency 
oF  heat  and  air,  as  already  mentioned,  or  by  dissolving  mercury  in  nitric 
aeid,  and  exposing  the  nitrate  so  formed  to  a  temperature  just  sufficient  fiv 
expelling  the  whole  of  the  nitric  acid.  It  is  commonly  known  by  the  name 
of  red  precipitate.  The  peroxide  prepared  from  the  nitrate  almost  always 
,  contains  a  trace  of  nitric  acid,  which  may  be  detected  by  heating  it  in  a  clean 
glass  tube  by  means  of  a  spirit-lamp :  a  yellow  ring,  formed  of  subnitrate 
of  oxide  of  mercury,  collects  within  the  tube  just  above  the  part  which  is 
heated.  (Dr.  Clarke.) 

Peroxide  of  mercury,  thus  prepared,  is  commonly  in  the  form  of  shining 
crvstalline  scales  of  a  nearlv  black  colour  while  hot,  but  red  when  cold : 
when  very  finely  levigated,  the  peroxide  has  an  orange  colour.  It  is  soluble 
to  a  small  extent  in  water,  forming  a  solution  which  has  an  acrid  metallic 
taste,  and  communicates  a  green  colour  to  the  blue  infusion  of  violets. 
When  heated  to  redness,  it  is  converted  into  metallic  mercury  and  oxygen. 
Long  exposure  to  light  has  a  similar  effect  (Guibourt) 

Some  of  the  neutral  salts  of  this  oxide,  such  as  tiie  nitrate  and  sulphate, 
are  converted  by  water,  especially  at  a  boiling  temperature,  into  insoluble 
yellow  subsalts,  leaving  a  strongly  acid  solution,  m  which  a  little  of  the 
original  salt  is  dissolved.  The  oxide  is  separated  from  all  acids  as  a  red, 
or  when  hydratic  as  a  yellow  precipitate,  by  the  nure  and  carbonated  fixed 
alkalies.  Ammonia  and  its  carbonate  cause  a  white  precipitate,  which  is  a 
double  salt,  consisting  of  one  eauivalent  of  the  acid,  one  eqoivsJent  of  the 
peroxide,  and  one  equivalent  or  ammonia.  The  oxide  is  readily  reduced  to 
the  metallic  state  by  metallic  copper.  Hydrosniphuric  acid,  phosphorous 
acid,  and  protochloride  of  tin,  reduce  the  peroxide  into  the  protoxide ;  and 
when  added  in  larger  quantity,  the  first  throws  down  a  black  sulphuret,  and 
the  two  latter  metdlic  mercury.  The  action  of  hydrosulphuric  acid  on  a 
solution  of  corrosive  sublimate  is,  however,  peculiar ;  for  at  first  it  occasions 
a  white  precipitate  which,  according  to  Rose,  is  a  compound  of  two  equiva- 
lents of  bisulphuret  to  one  of  bichloride  of  mercury.  This  gas  acts  on 
tnbromide  and  biniodide  of  mercury  in  a  similar  manner.  (Aji.  de  Ch.  et 
de  Ph.  xl.  46.) 

Protochloride, — ^Protochloride  of  mercury,  or  calomel,  is  always  generated 
when  chlorine  comes  in  contact  with  mercury  at  common  temperatures; 
and  also  by  the  contact  of  metallic  mercury  and  the  bichloride.  It  may  be 
n^e  by  precipitation,  by  mixing  nitrate  of'^protoxide  of  mercury  in  solution 
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with  hydrochloric  acid  or  any  soluble  chloride.  It  is  more  commonly  prepared 
by  sublimation.  This  is  conveniently  done  by  mixing  273.84  ports  or  one 
eqoivalent  of  the  bichloride  with  202  parts  or  one  equivalent  of  mercury, 
unUl  the  metallic  globules  entirely  disappear,  and  then  subliming.  Whm 
first  prepared  it  is  always  miied  with  some  corrosive  sublimate,  and,  there- 
fore, should  be  reduced  to  powder  and  well  washed,  before  being  employed 
for  chemical  or  medical  purposes* 

Protochloride  of  mercury  is  a  rare  mineral  production,  called  horn  quxch- 
silver ,  which  occurs  crystallized  in  quadranprular  prisms,  terminated  br 
pyramids.  When  obtained  by  sublimation  it  is  in  semi-transparent  crystal- 
line cakes ;  but  as  formed  by  precipitation,  it  is  a  white  powder.  Its  density 
is  7i2.  At  a  heat  short  of  redness,  but  higher  than  the  subliming  point  of 
the  bichloride,  it  rises  in  vapour  without  previous  fusion ;  but  during  the 
sublimation  a  portion  is  always  resolved  into  mercury  and  the  bichloride. 
It  is  yellow  while  warm,  but  recovers  its  whiteness  on  cooling.  It  is 
distinguished  from  the  bichloride  by  not  being  poisonous,  by  having  no 
taste,  and  by  being  exceedingly  insoluble  in  water.  Acids  have  little  effect 
upon  it ;  but  pure  alkalies  decompose  it,  separating  the  black  protoxide  of 
mercury.  When  calomel  is  boiled  in  a  solution  of  hydrochlorate  of  am- 
monia, it  is  converted  into  corrosive  sublimate  and  metallic  mercury.  Chlo- 
ride of  sodium  has  a  similar  effect,  though  in  a  less  degree. 

Bichloride. — ^When  mercury  is  heated  in  chlorine  gas,  it  takes  fire,  and 
bums  with  a  pale  red  flame,  forming  the  well-known  medicinal  preparation 
and  virulent  poison  eorrotive  tuldimate,  or  bichloride  of  mercury.  It  is  pre- 
pared  ibr  medical  purposes  by  subliming  a  mixture  of  bisulphate  of  the 
peroxide  of  mercury  witli  chloride  of  sodium  or  sea-salt  The  exact  quanti- 
ties required  for  mutual  decomposition  are  298J2  ports  or  one  equivalent  of 
the  bisulphate,  to  117.44  parts  or  two  equivalents  of  the  chloride.    Thus, 


Bisulphate  of  Mercury     1  eq. 
Sulphuric  acid        80.2  or  2  eq.   2S. 
Peroxide  of  mer.  218    or  1  eq.   Hg. 


Chloride  of  Sodium  2  eq. 
Chlorine  .  70.84  or  2  eq.  2CI. 
Sodium    .    .  46.6    or  2  eq.      2Na. 


298J2         Hg.f2S.  117.44 

And  by  mutual  interchange  of  elements  they  produce 


2(Na.fCl). 


Bichloride  of  Mercury        1  eq. 
Mercury    .    202      or  1  eq.     Hg. 
Chlorine     .      70.84  or  2  eq.     2C1. 


Sulphate  of  Soda  2  eq. 

Soda  .    .    .    62.6  or  2  eq.    .    2Na. 
Sulphuric  ac  80.2  or  2  eq.    .     2SL 


272.84  Hg-f2Cl. 


142.8  2(Na-fS). 


The  products  have  exactly  the  same  weight  (272.84+ 142.8»415.64)  as 
the  compounds  (298.2+ 117.44=415.64)  from  which  they  were  prepared. 

Bichloride  of  mercury,  when  obtained  by  sublimation,  is  a  semi-trans- 
parent colourless  substance,  of  a  crystalline  texture.  It  has  an  acrid,  burning 
taste,  and  leaves  a  nauseous  metallic  flavour  on  the  tongue.  Its  specific 
gravity  is  5.2.  When  exposed  to  a  heat  short  of  incandescence,  it  is  fused, 
enters  into  ebullition  from  the  rapid  formation  of  vapour,  and  is  deposited 
without  further  change  on  cool  surfaces  as  a  white  crystalline  sublimate. 
It  requires  twenty  times  its  weight  of  cold,  and  only  twice  its  weight  of 
boilinjg  water  fi>r  solntidii,  and  is  deposited  from  the  latter,  as  it  cools,  in  the 
Ibrni  of  prismatic  crystals.    Strong  alcolMil  and  ether  dissolve  it  in  the 
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Mine  proportioa  u  boUiny  water;  wad  it  m  folafale  in  half  its  weight  of  Md* 
oentrated  hjdrochlorie  acid  at  the  temperature  of  70^.  With  the  chletidee 
of  potaasiom  and  eodiom,  hjdrocUorate  of  ammooiaf  and  aereral  other 
haeea,  it  enten  into  combination,  forming  double  aalti,  which  are  more 
BoluUe  than  the  chloride  itselC  When  ita  solution  in  water  ia  agitated  with 
ether,  the  latter  abstracts  the  bichloride,  and  rises  with  it  to  the  surftce  of 
the  former,  thus  affording  strong  evidence  of  the  bicliloride  having  ensted 
as  such  in  the  water.  Its  aqueous  solution  is  graduallj  deoomposed  by  light, 
ealomel  being  deposited. 

The  presence  of  mercury  in  a  fluid,  supposed  to  contain  corrosive  suUi- 
mate,  may  be  detected  by  concentrating  and  digesting  it  with  an  exoeoa 
of  pure  potassa.  Oxide  of  mercury,  which  subsides,  is  then  sublimed  in  a 
small  glass  tube  by  means  of  a  i«pirit-lamp,  and  obtained  in  the  form  of 
metallic  globules.  But  in  cases  of  poisoning,  when  the  bidiloride  is  mixed 
with  organic  substances,  Dr.  Christison  recommends  that  the  liquid,  without 
previous  filtration,  be  agitated  with  a  fourth  of  iUi  volume  of  ether,  which 
separates  the  poison  from  the  aqueous  part,  and  rises  to  the  surface.  The 
ethereal  solution  is  then  evaporated  on  a  watch-glass,  the  residue  dissolved 
in  water,  and  the  mercury  precipitated  in  the  metallic  state  1^  protochloride 
of  tin  at  a  boiling  temperature.  If,  as  is  probable,  most  of  the  poison  ia 
already  convert^  into  calomel,  and  thereby  rendered  insoluble,  as  many 
vegetable  fibres  should  be  picked  out  as  possible,  and  the  whole  at  once 
digested  with  protochloride  of  tin.  The  organic  substances  are  then  dis- 
aoTved  in  a  hot  solution  of  caustic  potassa,  and  the  insoluble  parts  washed  and 
sublimed  to  separate  the  mercury.    (Christison  on  Poisons.) 

A  very  elegant  method  of  detecting  the  presence  of  mercury  is  to  place  m 
drop  of  tbe  suspected  liquid  on  polished  gold,  and  to  touch  the  moistened 
surface  with  a  piece  of  iron  wire  or  the  point  of  a  penknife,  when  the  part 
touched  instantly  becomes  white,  owing  to  the  formaticm  of  an  amalgam  of 
gold.  This  process  was  origioally  suggested  by  A^r.  Sylvester,  and  has 
since  been  simplified  by  Dr.  Paris.  (Medical  Jurisprudence,  by  Paris  and 
Fonblanque.) 

Manv  animal  and  vegetable  solutions  convert  bichloride  of  mercury  into 
ealomel,  a  portion  of  hydrochloric  acid  being  set  free  at  the  same  time. 
Some  substances  effect  this  change  slowly ;  while  others,  and  especially  al- 
bumen, produce  it  in  an  instant  Thus,  when  a  solution  of  corrosive  subli- 
mate is  mixed  with  albumen,  a  white  flocculent  precipitate  subsides,  which 
Orfila  has  shown  to  be  a  compound  of  calomel  and  albumen,  and  whiefa  he 
has  proved  experimentally  to  be  inert  (Toxioologie,  vol  i.)  Consequently, 
a  solution  of  the  white  of  eggs  is  an  antidote  to  poisoning  by  corrosive 
sublimate.  The  muscular  and  membranous  parts,  even  of  a  living  animal, 
produce  a  similar  effect ;  and  tbe  causticity  of  corrosive  sublimate  seems 
owing  to  the  destruction  of  the  animal  fibre  by  which  the  decomposition 
of  the  bichloride  is  accompanied,  and  which  constitutes  an  essential  part  of 
the  chemical  change. 

Protiodide  of  Mercury, — This  compound  is  obtained  by  mixing  nitrate  of 
protoxide  of  mercury  in  solution  with  iodide  of  potassium.  It  is  a  green 
powder,  insolable  in  water,  and  disposed  to  resolve  itself  under  the  influence 
of  heat  or  solar  light  into  mercury  and  the  biniodide.  However,  when  the 
heat  is  quickly  supplied,  it  is  fused  and  sublimed  without  material 
change. 

Setquiodide, — ^This  compound  falls  as  a  yellow  powder  when  iodide  of 
potassium  is  added  in  solution  to  the  mixed  nitrates  of  the  protoxide  and 
peroxide  of  mercury,  the  latter  being  in  excess.  The  precipitate  is  digested 
with  a  solution  of  sea-salt  which  tuies  up  any  biniodide  which  may  have 
fallen. 

Biniodide, — ^This  compound  is  formed  by  mixing  nitrate  of  the  peroxide 
or  bichloride  of  mercury  with  iodide  of'pc^tassiom  in  solution,  and  falls  as  a 
rich  red-ouloared  powder  of  a  tint  which  vies  in  bea^  with  that  of  vermilion, 
though,  unfortunately,  the  colour  is  less  permanent  Though  insoluble  ia 
water,  it  dissolves  freely  in  aa^excesa  of  either  of  iti  precipitants.    If  taken 
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Up  in  a  hoi  nlation  of  nitrate  of  peroxide  of  mercary,  the  biniodide  erystal- 
liiee  oot  on  oooling  in  scalee  of  a  beautiful  red  tint  The  same  cryetali 
separate  from  a  lolntion  in  iodide  of  potoflsiam ;  but  if  the  liquid  be  ooii- 
eentrated,  a  doable  iodide  of  mercury  and  potamium  subeidei. 

The  biniodide,  when  exposed  to  a  moderate  heat,  gradually  becomes  yel> 
low ;  and  the  particles,  thou^jh  previously  in  powder,  acquire  a  crystalline 
appearance.  At  about  400°  it  forms  a  yellow  liquid  which  dowly  sublimes 
in  small  transparent  scales,  or  in  large  rhombic  tables,  when  a  considerable 
quantity  is  sublimed.  The  crystals  retain  their  yellow  colour  at  60^  if  kept 
very  tranquil ;  but  if  the  temperature  be  below  a  certain  point,  or  they  are 
rubbed  or  touched,  they  quickly  become  red.  This  phenomenon  is  entirely 
due  to  a  change  in  molecular  arrangement :  the  different  colours  so  often 
witnessed  in  Uie  same  substances  at  di^rent  temperatures,  as  in  peroxide  of 
mercury  and  the  protoxides  of  lead  and  zinc,  appear  to  be  phenomena  of  the 
same  nature. 

Fmtobromide  of  Meremry, — It  is  precipitated  as  a  white  insoluble  powder 
by  mixing  nitrate  of  protoxide  of  mercury  with  bromide  of  potassium. 

The  buMTomide  is  a  white  crvstallizabfe  compound,  soluble  in  water  and 
alcohol,  fusible  and  volatile,  and  in  many  respects  analogous  to  the  bichlo- 
ride. It  is  formed  by  acting  on  peroxide  of  mercury  with  hydrobromia 
acid,  or  digesting  the  preceding  compound  with  bromine. 

SulfhureU  of  Mercury, — ^The  prdowlphuret  may  be  prepared  by  trans- 
mitting a  current  of  hydrosulphuric  acid  gas  through  a  dilute  solution  of 
nitrate  of  protoxide  of  mercury,  or  through  water  in  which  calomel  is  sus- 
pended. It  is  a  black-coloured  substance,  which  is  oxidized  by  diction  in 
strong  nitric  acid.  When  exposed  to  heat  it  b  resolved  into  the  buttlphorel 
and  metallic  mercury. 

The  bisulphuret  is  formed  by  fusing  sulphur  with  about  six  times  its 
weight  of  mereury,  and  subliming  in  close  vessels.  When  procured  by  this 
process  it  has  a  red  colour,  and  is  known  by  the  name  of  factitious  cinnabar. 
Its  tint  is  greatly  improved  by  being  reduced  to  powder,  in  which  state  it 
forms  the  beautiful  pigment  vermilion.  It  may  be  obtained  in  the  moist  way 
by  pourini^  a  solution  of  corrosive  sublimate  into  an  excess  of  hydrosulphate 
of  ammonia.  A  black  precipitate  subsides,  which  acquires  the  usual  red 
oolour  of  cinnabar  when  sublimed.  The  black  precipitate  formed  hv  the 
action  of  hydrosulphuric  acid  on  bicyanuret  of  mercury,  is  likewise  a  bisul- 
phuret    Cinnabar,  as  alreadv  mentioned,  occurs  native. 

When  equal  pArts  of  sulphur  and  mercury  are  triturated  together  until 
metallic  globules  eeaae  to  be  visible,  the  dark  coloured  mass  called  ethiopa 
mineral  results,  which  Mr.  Brande  has  proved  to  be  a  mixture  of  sulphur 
and  bisulphoret  of  mercury.    (Journal  of  Science,  vol.  xviii.  p.  294.) 

Cinnabar  is  not  attacked  by  alkalies,  or  any  simple  acid ;  but  it  is  dia- 
■olved  by  the  nitro-hydrochlorie,  with  formation  of  sulphuric  acid  and  per- 
oxide of  mercury. 

Bicyanuret  of  Mercury, — ^^Fhis  oumpound  is  best  prepared  by  boiling,  in 
any  convenient  quantity  of  water,  finely  levigated  Prussian  blue,  quite  pure 
and  well  dried  on  a  sand-bath,  with  an  equal  weight  of  peroxide  of  mercury 
in  powder,  until  the  blue  colour  of  the  pigment  entirely  disappears.  A 
colourless  solution  is  formed,  which,  when  filtered  and  concentrated  by  eva* 
porafion,  yields  crystab  of  bicyanuret  of  mercury  in  the  form  of  quadran-, 
gttlar  prums.  The  esscntbl  part  of  this  process  consists  in  the  peroxide  of 
mercury  and  the  Prussian  blue  exchanging  ebmentu,  whereby  bicyanuret  of 
mercury  and  peroxide  of  iron  result;  but  the  entire  change  is  very  oomplez 
and  not  well  understood.  Much  cyanogen  remains  behind  in  the  insoluUa 
part ;  for  on  digesting  it  in  hydrodilorio  aoid,  so  as  to  remove  the  percsida 
of  iron,  a  eonsideraUe  quantity  of  Prussian  blue  is  left  Thb  process  is  sa 
▼ery  oneeonomieal,  that  I  suspect  it  would  be  better,  as  Winckler  proposes, 
to  prepare  hydrocyanic  acid  fimn  fiirrocyanuret  of  potassium  and  sulphuria 
add  (page  368),  and  to  agitate  with  peroxide  of  B^reory  until  tho  odour  of 
bjdroeyaoie  aoid  imnae% 
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Bic^naret  of  mercury  ii  coburlen  and  inodoroiM,  hw  a  diMgreoible 
meUllie  taato,  and  is  highly  poiaonoua.  It  diaadvea  very  freely  in  hot  water, 
and  cryatalliiea  readiljr  aa  it  cooli.  By  alcohol  it  is  very  sparingly  dia- 
solved.  When  lieated  it  is  resolved  into  mercury  and  cyanogen.  (Page 
965.) 


SECTION  XXV. 

SILVER. 

This  metal  was  known  to  the  ancients.  It  frequently  occurs  native  in 
silver  mines,  both  massive  and  in  octohedral  or  cuhic  crystals.  It  is  also 
found  in  combination  with  gold,  tellurium,  antimony,  copper,  arsenic,  and 
aolphur.  In  tlie  state  of  sulphuret  it  so  frequently  accompanies  galena,  that 
the  lead  of  commerce  is  rarely  quite  free  from  traces  of  silver. 

Silver  is  extracted  from  its  ores  by  two  processes  which  are  easentially 
distinct ;  one  of  them  being  contrived  to  fcparate  it  from  lead,  the  other, 
the  process  by  amalgamation,  being  especially  adapted  to  those  ores  which 
•re  free  from  lead.  The  principle  of  its  separation  from  lead  is  founded  on 
the  difierent  ozidability  of  lead  and  silver,  and  on  the  ready  fusibility  of 
litharge.  The  lead  obtained  from  those  kinds  of  galena  which  are  rich  in 
sulphuret  of  silver  is  kept  at  a  red  beat  in  n  flat  tumace,  with  a  draught  of 
air  constantly  playing  on  its  surface :  the  lead  is  thus  rapidly  oxidised ;  and 
u  the  oxide,  at  the  moment  of  its  formation,  is  fused,  and  runs  off  through 
an  aperture  in  the  side  of  the  furnace,  the  production  of  litharge  ^roea  on 
uninterruptedly  until  all  the  lead  is  removed.  The  button  of  silver  is  again 
fhsed  in  a  smaller  furnace,  resting  on  a  porous  earthen  dish,  made  with 
lixiviated  wood-ashes,  called  a  test,  the  porosity  of  which  is  so  great,  that  it 
abaorba  any  remaining  portions  of  litharge  which  may  be  formed  on  the 
•ilver. 

The  ores  comroonlj^  employed  in  the  process  of  amalgamation,  which  has 
been  long  used  at  freyberg  in  Saxony,  and  is  extensively  practised  in  the 
aihir  and  gold  mines  of  South  America,  are  native  silver  and  its  sulphuret. 
At  Freyberg  the  ore  in  fine  powder  is  mixed  with  sea-salt,  and  carefiilly 
roaated  in  a  rcverberatory  furnace.  The  production  of  sulphuric  acid  leaos 
to  the  formation  of  sulphate  of  soda,  while  the  chlorine  of  the  sea.8alt  com- 
bines with  silver.  The  roasted  mass  u  ground  to  a  fine  powder,  and,  to- 
gether with  mercury,  water,  and  fragments  of  iron,  is  put  into  barrels,  which 
are  made  to  revolve  by  machinery.  In  this  operation,  intended  to  insure 
perfect  contact  between  the  materials,  chloride  of  silver  is  decomposed  by  the 
iron,  the  silver  unites  with  the  mercury,  and  the  chloride  of  iron  is  dissolved 
by  the  water.  The  mercury  is  then  squeezed  through  leathern  bags,  the 
pores  of  which  permit  the  pure  mercury  to  pass,  but  retain  the  amalgam  of 
silver.  The  combined  mercury  is  then  distilled  off  in  dose  vessels,  and  the 
metals  obtained  in  a  separate  state. 

Goklsmith*8  silver  commonly  contains  copper  and  traces  of  gold,  the 
latter  appearing  in  dark  flocks  when  the  metal  is  dissdved  in  nitric  acid. 
It  may  be  obtained  pure  for  chemical  uaes  by  placing  a  clean  piece  of  copper 
in  a  aolution  of  nitrate  of  oxide  of  silver,  washing  the  precipitate  with  pura 
water,  and  then  digesting  it  in  ammonia,  in  order  to  remove  any  adhering 
copper.  A  better  process  is  to  decompose  chloride  of  silver  by  means  of 
carbonate  of  potassa.  For  this  purpose  precipitate  a  solution  of  nitrate  of 
oxide  of  ailver  with  ohloride  of  sodium,  wash  the  precipitate  with  water, 
and  dry  it  Then  put  twice  iu  weight  of  carbonate  of  potassa  Into  a  clean 
Heasian  or  black-lead  crucible,  heat  it  to  redness,  and  throw  the  chloride  by 
aucoeasive  portions  into  the  fused  alkali.  Eflbrvescence  takes  place  fttmi 
the  evolution  of  carbonic  acid  and  oxygen  gases,  chloride  of  potasaium  is 
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l^nerated,  and  metallic  ailver  sobsidea  to  the  bottom.  The  pore  metal  maj 
be  granulated  by  pouring  it  whUe  fused  from  a  height  of  aeyen  or  eight  feet 
into  a  vessel  of  water. 

Silver  has  the  clearest  while  colour  of  all  the  metals,  and  is  susceptible  of 
receiving  a  lustre  surpassed  only  by  polished  steel.  In  malleability  and 
ductility  it  is  inferior  only  to  gold,  and  its  tenacity  is  considerable.  It  is 
very  soft  when  pure,  so  that  it  may  be  cut  with  a  knife.  Its  density  after 
being  hammered  is  10.51.  At  a  full  red  heat,  corresponding  to  1873^  F., 
according  to  Mr.  Daniell,  it  enters  into  fusion. 

Pure  silver  does  not  rust  by  exposure  to  air  and  moisture.  When  fused 
in  open  vessels  it  absorbs  oxygen  in  considerable  quantity,  amounting  some- 
times to  22  times  its  volume ;  but  it  parts  with  the  whole  of  it  in  the  act  of 
becoming  solid.  This  fact,  first  noticed  by  M.  Lucas,  has  been  studied  by 
Gay-Lussac,  who  attributes  to  it  the  peculurly  beautiful  aspect  of  granulated 
silver :  he  observed  the  absorption  and  subsequent  evolution  of  oxygen  to 
be  most  abundant  in  the  purest  silver,  and  is  entirely  prevented  by  a  very 
■mall  per-centage  of  copper.  If  silver  is  heated  to  redness,  without  fusinr, 
in  contact  with  glass  or  porcelain,  it  readily  absorbs  oxygen,  and  the  oxide 
fuses  with  the  earthy  matters,  forminor  a  yellow  enamel.  When  silver  in  the 
form  of  leaves  or  fine  wire  is  intense^  heated  by  means  of  electricity,  galva* 
nism,  or  the  ox-hydrogen  blowpipe,  it  bums  with  vivid  scintillations  of  a 
greenbh-white  codour. 

The  only  pure  acids  that  act  on  silver  are  the  sulphuric  and  nitric  acids, 
by  both  of\wbich  it  is  oxidized,  forming  with  the  first  a  sulphate,  and  with 
the  second  a  nitrate  of  oxide  of  silver.  It  is  not  attacked  by  sulphuric  acid 
unless  by  the  aid  of  heat  Nitric  acid  is  its  proper  solvent,  and  forms  with 
its  oxide  a  salt,  which,  afler  fusion,  is  known  by  tlie  name  of  lunar  caustic^ 

From  recent  experiments  on  the  composition  of  the  chloride  and  nitrate  of 
the  oxide  of  silver,  I  have  deduced  108  as  the  equivalent  of  silver,  an  estimate 
closely  corresponding  with  the  previous  researches  of  Berzelius.  (Phil^ 
Trans.  1833,  jMirt  ii.)  The  compounds  of  ailyer  described  in  this  section  are 
thus  constituted : — 


Silver. 


Oxide  108  1  eq.^Oxygen        3 

Chloride  108  1  eq.4-ChIorine     35.42 

Iodide  108  1  eq.  + Iodine       126.3 

Salphuret  108  1  eq.4-Sulphur      16.1 

Cyanuret  108  1  eq.  4.  Cyanogen  26.39 


Equiv.        Formulaa. 

1  eq.=sll6  AgO-O  or  Ag. 

1  eq.isl43.42  AgMCl  or  I^l 

1  eq.s234.3  Ag  + 1  or  Agl. 

1  eq.=  124.1  Ag  4.  S  or  AgS. 

leq.ss  134.39  Ag4-Cy  or  AgCy. 


Oxide  of  Silver. — ^This  oxide  is  best  procured  by  mixing  a  solution  of  pure 
baryta  with  nitrate  of  oxide  of  silver  dissolved  in  water.  It  is  of  a  brown 
colour,  insduble  in  water,  and  is  completely  reduced  by  a  red  heat 

Silver  is  separated  from  its  solution  in  mtric  acid  by  pure  alkalies  and  al« 
kaline  earths  as  the  brown  oxide,  which  is  redissolved  by  ammonia  in 
excess ;  by  alkaline  carbonates  as  a  white  carbonate,  which  is  sduble  in  an 
excess  of  carbonate  of  ammonia ;  as  a  dark  brown  sulphuret  by  hydroeul- 
phuric  acid ;  and  as  a  white  curdy  chloride  of  silver,  which  if  turned  violet 
by  li^ht  and  is  very  soluble  in  ammonis,  by  hydrochloric  acid  or  any  soluble 
chloride.  By  the  fast  character,  silver  may  be  both  distinguished  and  sepa- 
rated  from  other  metallic  bodies. 

Silver  is  precipitated  in  the  metallic  state  by  most  other  metals.  When 
mercury  is  employed  for  this  purpose,  the  silver  assumes  a  beautiful  arbores- 
cent  appearance,  called  arbor  Diana,  A  very  ffood  proportion  for  the  expe- 
riment IS  twenty  grains  of  lunar  caustic  to  six  drachms  or  an  ounce  of  water. 
The  silver  thus  deposited  always  contains  mercury. 

When  oxide  of  silver,  recently  precipitated  by  baryta  or  lime-water,  tnd 
separated  from  adhering  moisture  by  bibulous  paper,  is  left  in  contact  for  lea 
or  twelve  hours  with  a  strong  solntion  of  ammonia,  the  greater  part  of  it  is 

34* 
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.  •  0^   ^„,^  nofaotlT  from  heat  or 

Bicyanuret  of  merciiry  i»  -  Z-'J^^^y  BerlhoUei,  (An.  d« 

metalUe  tote,  and  is  hi*-  „.^.5^/i  «)d  oxide  of  silver;  for 

and  crystalhiet  ree  ^ .•<^. "  >//^/,  water,  and  nitrogen  gas. 

BoWed.    When  lie/  ^  j.tti'*>^--  '•''fit  a  titaey  and  dried  spontaneouslr 

265.)  ^»^    T-^':'^  *-'  / 

^"JI;     'Z''-^.'  '''ygilfer  in  ammonia  to  the  air,  its  sur&oa 

^,^'\^*     M'^fbich  Faraday  considers  to  be  an  oxide 

i^*  '^''"     i'*l>/'<wy^'*  **'*'*  ^^**  j°«^  described.     This 

^4^,^:^;       ^Me;  but  further  experiments  are  requisite 

^^^  f^^fe  '*'"^^  ^°  **®  regarded  as  certain. 

Jp^'S^'rtS  (Mwnpound,  which  sometimes  occurs  in  silver 

/^^''^^k^  w/itn  silver  is  heated  in  chlorine  gas,  and  may 
*f£^^J^^  t>y  [iiijfing  hydrochloric  acid,  or  any  soluble  chlo- 
**^  ir**ij7*^J*f^^^  uf  oxide  of  silver.    As  formed  by  precipitation 
Tnr       ^<5J  J  "^  jwi  ^/  p;!itIioinjre  to  the  direct  solar  rays  it  becomes  violet, 
silTev        f^^J^^tZ'i  v^  ^^^  course  of  a  few  minutes ;  and  a  similar  effect  is 
four         it'^C'J^if  diffawd  dar-light    Hydrochloric  acid  is  set  free  during- 
^  ^f^Mf^^»  lectfftling'  to  BerlhoUet,  the  dark  colour  is  owing  to  separa- 

^  fltjja/rtlrtr,  (StiiLiqije  Chimique,  vol.  i.  p.  195.) 

'JJ/jfJf  ^Otftf ,  fluint^Umi^a  called  horn  silver,  is  insoluble  in  water,  and 

f^Md^^T  «ti»^i'it,^ly  ^v  ibe  strongest  acids;  but  it  is  soluble  in  am- 

ft^^iifpfvni\\*\nirMti  EiciiJ  likewise  dissolves  it.    At  a  temperature  of 

^^jr>(t  *il  fuMVi^  and  rarms  &  semi-transparent  horny  mass  on  cooling, 

«J^  /»««  *  density  of  5.524.     It  bears  any  degree  of  heat,  or  even  the  com- 

^td  Action  of  pure  charcoal  and  heat,  without  decomposition ;  but  hydrogen 

jj^^omposes  it  readily  with  formation  of  hydrochloric  acid. 

'jodide  of  Silver. — ^This  compound  is  formed  when  iodide  of  potassium  is 

j0ixed  with  a  solution  of  nitrate  of  oxide  of  silver.    It  is  of  a  greenish-yel- 

low  colour,  and  is  insoluble  in  water  and  ammonia. 

Cyanuret  of  Silver  is  formed  by  mixing  hydrocyanic  acid  with  nitrate  of 
oxide  of  silver.  It  is  a  white  curdy  substance,  similar  in  appearance  to 
chloride  of  silver,  insoluble  in  water,  but  soluble  in  a  solution  of  ammonia 
and  in  hot  nitric  acid.  It  is  decomposed  by  hydrochloric  acid  with  forma- 
tion of  hydrocyanic  acid  and  chloride  of  silver. 

Sulphuret  of  Silver, — Silver  has  a  strong  affinity  for  sulphur.  This  metal 
tarnishes  rapidly  when  exposed  to  an  atmosphere  containing  hydrosulphuric 
acid  gas,  owing  to  the  formation  of  a  sulphuret.  On  transmitting  a  current 
of  this  gas  through  a  solution  of  lunar  caustic,  a  dark  brown  precipitate  sub- 
sides, which  is  a  sulphuret  of  silver.  The  silver  glance  of  mineralogists  is 
a  similar  compound,  and  the  same  sulphuret  may  be  prepared  by  heating 
thin  plates  of^  silver  with  alternate  layers  of  sulphur.  This  sulphuret  is 
remarkable  for  being  soft  and  even  malleable. 

Silver  unites  also  by  the  aid  of  heat  with  phosphorus,  forming  a  sof\, 
brittle,  crystalline  compound. 


SECTION  XXVI. 


GOLD. 

€k>LD  appears  to  have  been  known  to  the  earliest  races  of  man,  and  to 
have  been  esteemed  by  them  as  much  as  by  the  modems.  It  has  hitherto 
been  found  only  in  the  metallic  state,  either  pure  or  in  combination  with 
other  metals,  it  occurs  massive,  capillary,  in  grains,  and  crystallixes  in 
octohedrons  and  cubes,  or  their  allied  forms.    It  is  sometimes  found   in 
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primary  mountaiiu ;  but  more  frequently  in  aUuTiol  depooitioni,  eipeeiaUy 
among  sand  in  the  beds  of  rivers,  having  been  washed  by  water  out  of  6m* 
integrated  rocks  in  which  it  originally  eiisted.  There  are  few  countries  in 
which  gold  washings  have  not  formerly  existed ;  but  the  principal  supply  of 
ffold  is  from  South  America,  from  the  gold  mines  of  Hungary,  and  from  the 
Uralian  mountains  of  Siberia,  especially  on  the  Asiatic  side  of  the  chain, 
where  separate  masses  in  sand  have  been  found  weighing  lb  or  20  pounds. 
Rich  depositee  of  gold  appear  also  to  exist  in  some  ot  the  southern  provinces 
of  North  America.  Gold  is  generally  separated  from  accompanying  impn* 
rities  by  the  process  of  amalgamation,  similar  to  that  described  in  the  last 
section ;  by  which  means  it  is  freed  from  iron  and  all  associated  metalt, 
ezceptioff  silver.  In  Hungary  the  gold  is  purified  by  cupellation.  The 
stiver,  which  in  variable  quantity  is  present  in  native  gold,  may  be  brought 
into  view  by  dissolving  the  ^old  in  nitro-hydrochloric  acid.  The  best  mode 
of  separation  consists  in  fusing  the  gold  with  so  much  silver  that  the  former 
may  constitute  one-fourth  of  ue  mass :  nitric  acid  will  then  dissolve  all  the 
•liver,  and  leave  the  gold.  The  silver  may  also  be  removed  by  digestion  in 
sulphuric  acid. 

uold  is  the  only  metal  which  has  a  yellow  colour,  a  character  by  which 
it  is  distinguished  from  all  other  simple  metallic  bodies.  It  u  capable  of 
receiving  a  high  lustre  by  polishing,  but  is  inferior  in  brilliancy  to  steel,  silver, 
and  mercury.  In  ductility  and  malleability  it  exceeds  all  other  metals;  but 
it  is  surpassed  by  several  in  tenacity.  Its  density  is  19J257;  when  pure  at 
is  excecMdingly  soil  and  flexible ;  and  it  fuses  according  to  Mr.  Daniell  at 
aOI6o  F. 

Gold  may  be  exposed  for  ages  to  air  and  moisture  without  chance,  nor  is 
it  oxidized  by  being  kept  in  a  state  of  fusion  in  open  vessels,  when  in- 
tensely ignited  by  means  of  electricity  or  the  oxy-hydrogen  blowpipe,  it 
barns  wiUi  a  greenish-blue  flame,  and  is  dissipated  in  tHe  form  of  a  purple 
powder,  which  is  supposed  to  be  an  oxide. 

Gold  is  not  oxidized  or  dissolved  by  any  of  the  pure  acids ;  for  it  may  bo 
boiled  even  in  nitric  acid  without  undergoing  any  change.  Its  best  solvents 
are  chlorine  and  nitro-hydrochloric  acid;  and  it  appears  from  the  observa- 
tions  of  Davy  that  chlorine  is  the  agent  in  both  cases,  since  nitro-hydro- 
ehloric  acid  does  not  dissolve  gold,  except  when  it  gives  rise  to  the  formation 
of  chlorine.  (Page  215.)  It  is  to  be  inferred,  tMrefbrc,  that  the  chlorine 
unites  directly  with  the  gold. 

The  most  convenient  method  of  dissolving  it,  is  to  digest  fragments  of  the 
metal  in  a  mixture  composed  of  two  measures  of  hydrochloric  and  one  of 
nitric  acid,  until  the  acid  is  saturated.  The  excess  of  acid  ib  then  expelled 
by  evaporating  the  orange-coloured  solution  until  a  ruby-red  liquid  remains, 
which  IS  the  neutral  terchloride  of  gold.  On  adding  water,  the  chloride  is 
dissolved,  forming  a  solution  of  a  gold-yellow  colour. 

The  equivalent  of jgold,  estimated  from  the  analysis  of  the  terchloride  by 
Berzelius,  is  199.2.  Tne  composition  of  its  compounds  described  in  this  sec- 
tion is  AS  follows : — 

1  oq.  Gold.  Equiv.  Formule. 

Protoxide        199.2 -f  Oxygen     8      1  eq.BB207i2    Au+O  or  Au. 

Binoxide  199.2  + do.  16      2  eq.s215i2    Au.f20orAu. 

Peroxide  199^+ do.  24      3  eq.s223.2    Aa^.30orAu. 

Protochlorido  199.2 -f  Chlorine  35.42  1  eq.ss234.62  Aui-Cl  or  AuCl. 

Terchloride  i99.24.do.         106.26  3  eq.=:305.46  Au+SCl  or  AuCP. 

Tersulphuret  199.2 4- Sulphur    48.3    3  eq.s247.5    AU4.3S  or  AuSS. 

Protoxide  of  GM. — It  is  obtained  by  the  action  of  a  cold  solution  of 
potassa  on  the  proiochloride  of  gold,  and  is  separated  as  a  green  precipitate, 
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whioh  is  partially  loliible  in  th^  alkaliBe  aolutioa.  It  ■ponUneoualy  ohan^^M 
■oon  ailer  iU  nreparatlon  into  metallic  gold  and  the  peroxide. 

The  binaanie  is  supposed  to  be  the  purple  oxide  which  is  formed  by  the 
oombostion  of  gold :  but  ita  composition  has  not  been  demonsUated  by  ana- 
lysis. 

Peroxide, — ^This,  the  only  well-known  oxide  of  gold,  is  prepared  by  the  ac- 
tion of  alkalies  on  the  terchloride,  but  is  obtained  quite  pure  with  difficulty. 
Pelletier  recommends  that  it  should  be  formed  by  digestinj^  a  solution  of  the 
terchk>ride  with  pure  magnesia,  washing  the  precipitate  with  water,  and  re- 
moving the  excess  of  magnesia  by  dilute  nitric  acid.  It  is  apt,  however,  to 
retain  magnesia,  and  I  am  informed  by  Dr.  Wagner,  of  Pesth  in  Hungary, 
that  the  most  certain  mode  of  procuring  the  peroxide  is  the  following.  Dis- 
solve 1  part  of  ^old  in  the  usual  way,  render  it  quite  neutral  by  evaporaUon, 
and  rediBSolve  in  12  parts  of  water :  to  the  solution  add  1  part  of  carbonate 
of  pbtassa  dissolved  in  twice  its  weight  of  water,  and  digest  at  about  170o. 
Carbonic  acid  gradually  escapes,  and  the  hydraied  peroxide  of  a  brownish, 
red  colour  subsides.  After  being  well  washed  it  is  dissolved  in  colourless 
nitric  acid  of  specific  gravity  1.4,  and  the  solution  decomposed  by  admixture 
widi  water.  The  hydrated  peroxide  is  thus  obtained  quite  pure,  and  is  ren- 
dered anhydrous  by  a  temperature  of  212^  F. 

Peroxide  of  gold  is  yellow  in  the  state  of  hydrate,  and  nearly  Uack  when 
anhydrous,  is  insoluble  in  water,  and  completely  decomposed  by  solar  light 
or  a  red  heat  Hydrochloric  acid  dissolves  it  readily,  yielding  the  common 
solutions  of  gold ;  but  it  forms  no  definite  compound  with  any  acid  which 
contains  oxygen.  It  may  indeed  be  dissolved  by  nitric  and  sulphuric  acids ; 
but  the  affinity  is  so  slight  that  the  oxide  is  precipitated  by  the  addition  of 
water.  It  combines,  on  the  contrary,  with  alkaline  bases,  such  as  potassa 
and  baryta,  apparently  forming  r^ralar  salts,  in  which  it  acts  the  part  of  a 
weak  acid.  This  property,  which  constitutes  the  difficulty  of  procuring  per- 
oxide of  sold  quite  pure,  induced  Pelletier  to  deny  that  the  peroxide  of  gold 
is  a  salifiable  base,  and  to  propose  for  it  the  name  of  auric  acid^  its  com- 
pounds  with  alkalies  being  called  auratet,    (An.  de  Ch.  et  de  Ph.  xv.) 

When  recently  precipitated  peroxide  of  gold  is  kept  in  strong  ammonia 
for  about  a  day,  a  detonating  compound  of  a  deep  olive  colour  is  generated, 
analogous  to  the  fulminating  silver  described  in  the  last  section.  According 
to  the  analysis  of  Dumas,  its  elements  are  in  the  ratio  of  one  equivalent  of 
gold,  two  of  nitrogen,  six  of  hydrogen,  and  three  of  oxygen,  as  expressed  by 
Uie  symbols  Au-|.2N4.6H+30.  With  regard  to  the  mode  in  which  these 
elements  are  arranged,  different  opinions  may  be  formed.  Dumas  thinks  the 

real  combination  is  indicated  by  the  formula  (Au+V  4-(3H-f-N)4-3H, 
being  a  hydrated  nlturet  of  gold  united  with  ammonia;  but  it  appears  more 
simple  to  consider  it  as  a  diaurate  of  ammonia,  expressed  by  the  formula 

8(3H-f-N>4-An.  Its  detonation  should  give  rise  to  metallic  gold,  water, 
nitrogen,  and  ammonia.  A  similar  compound  is  obtained,  and  this  is  the 
ordinary  mode  of  procuring  fulminating  gold,  by  digesting  terchloride  of 
|ro]d  with  an  excess  of  ammonia :  a  yellow  precipitate  subsides,  the  fulminat- 
ing ingredient  of  which  appears  identical  with  that  above  described ;  but  a 
subchlorido  of  gold  and  ammonia  falls  at  the  same  time,  and  adheres  so 
obstinately  that  it  cannot  be  wholly  removed  by  boiling  water.  Fulminat- 
ing  gold  may  be  dried  at  212<>;  but  friction,  or  a  heat  suddenly  raised  to 
about  2900  or  upwards,  produces  a  violent  detonation.  It  is  best  to  make  it 
in  small  quantities  at  a  time,  and  to  drv  it  in  the  open  air.  (An.  de  Ch.  et 
de  Ph.  xliv.  167.) 

Chlorides  of  OM,  On  concentrating  the  solution  of  gold  to  a  sufficient 
extent  by  evaporation,  the  terchtoride  may  be  obtained  in  ruby-red  prismatic 
crystals,  whidi  are  very  fusible.  It  deliquesces  on  exposure  to  the  air,  and 
is  dissolved  readily  by  water  without  residue,  It  is  also  soluble  in  alcohol 
«Qd  ether;  and  the  latter  withdraws  it  GmepL  the  aqueous  solution.    It  begins 
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to  lose  ehlorioe  at  a  temperaidre  of  about  400<',  being  cbaoged  into  a  brawn 
dry  maM,  which  is  a  mixtare  of  the  protoehloride  and  tercMoride,  loluble  in 
water.  At  about  600<>  the  terchloride  is  completely  resolved  into  the  yellow 
insoluble  prolochloride,  which  by  boilin||r  in  water  is  changed  into  metalUo 
gold  and  the  solable  terchloride.  At  a  red  heat  the  protochloride  loiea  its 
chlorine  altogether,  and  metallic  gold  remains. 

The  terchloride  of  gold,  is  the  usual  and  most  convenient  form  of  obtain- 
ing a  solution  of  gold,  and  examining  its  properties  in  that  state.  On  adding 
to  the  solution  sulphate  of  protoxide  of  iron,  a  brown  precipitate  ensues, 
which  is  gold  in  very  fine  division,  and  the  solution  contains  sesquisulphate 
of  peroxide,  and  percbloride  of  iron.    The  action  is  such  that 

6  eq.  sulphate  of  protoxide  of  iron  6(Fe-|-S) 

and  1  oq.  terchloride  of  gold  Au-{-3Cl 

yield 

2  cq.  tersulphate  of  peroxide  of  iron  2(Fe+3S) 

1  eq.  perchioride  of  iron  2Fe-|-3CL 

and  1  eq.  gold  Au. 

The  precipitate,  when  duly  washed  with  dilute  hydrochloric  acid  in  order 
to  separate  adhering  iron,  is  gold  in  a  state  of  prefect  purity.  A  similar 
reduction  is  effected  by  most  of  the  metals,  and  by  sulphurous  and  phospho- 
rous acids,  and  by  oxalic  aeid  with  escape  of  carbonic  acid  gas.  When  a 
piece  of  charcoal  is  immersed  in  a  solution  of  gold,  and  exposed  to  the 
direct  soUr  rays,  its  surface  acquires  a  coating  of  metallic  gold,  and  ribands 
may  be  gilded  by  moistening  them  with  a  dilute  solution  of  gold,  and  ex- 

~ing  them  to  a  current  of  hydrogen  or  phosphurcttcd  hydrogen  gas. 
en  a  strong  aqueous  solution  of  gold  is  shaken  in  a  phial  with  an  equal 
vdame  of  pure  ether,  two  fluids  result,  the  lighter  of  which  is  an  ethereal 
solution  of  gold.  From  this  liquid  flakes  of  metal  are  deposited  on  standing, 
•specially  by  exposure  to  light,  and  sUtMtances  moistened  with  it  receive  a 
eoating  of  metallic  gold.*  The  reduction  in  most  of  these  instances  is 
owing  to  the  dilorine  quitting  the  gold  in  obedience  to  some  stronger 
attraction :  metals  deprive  it  directly  of  its  chlorine ;  and  deoxidizing  agents 
do  so  indirectly  by  combining  with  the  oxygen  of  water,  while  the  hydro* 
gen  acts  on  the  chlorine. 

When  protochloride  of  tin  is  added  to  a  dilute  aqueous  solution  of  gold,  a 
purple-coloured  precipitate,  called  the  fmrpU  of  Casstus,  is  thrown  down; 
and  the  same  substance  may  be  prepared  by  fusing  together  l50  parts  of 
silver,  20  of  gold,  and  35.1  of  tin,  and  acting  on  the  alloy  with  nitric  acid, 
which  dissolves  out  the  silver  and  leaves  a  purple  residue,  containing  the 
tin  and  gold  which  were  employed.  To  prevent  the  oxidation  of  the  tin 
during  fusion,  the  three  metals  should  be  projected  into  a  red-hot  black.lead 
crucible,  which  contains  a  little  melted  borsx.  When  the  powder  of  Cassius 
Is  fused  with  vitreous  substances,  such  as  flint-glass,  or  a  mixture  of  sand 
and  borax,  it  forms  with  them  a  purple  enamel,  which  is  employed  in  giving 
pink  colours  to  porcelain.  The  essential  cause  of  the  colour  is  probably  a 
Compound  of  the  purple  or  suppoKd  binoxide  of  jPold  with  earthy  matters, 
similar  to  the  enamel  formed  by  glass  and  oxide  of  silver :  the  oxide  of  tin  is 
not  essential,  since  finely  divided  metallic  gold  alone  will  give  the  same  tint 
of  purple. 

The  chemical  nature  of  the  purple  of  Cassius  is  very  obscure.  From  its 
formation  by  protochloride  of  tin,  it  is  inferred  to  contain  peroxide  of  tin, 
and  gold  either  in  the  metallic  state  or  oxidized  to  a  degree  inferior  to  ths 
peroxide.    According  to  Berxelius,  its  sole  loss  when  heated  to  redness  is 


*  With  respect  to  the  revival  of  gold  from  its  solutions,  the  reader  may 
consult  an  Essay  on  Combustion  by  Mrs.  Fulhame,  and  a  paper  by  Coonl 
Romford  in  the  Philosophical  Transactions  for  1798. 
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7.65  per  cent  of  wafer,  and  the  rendue  has  a  brick-red  colour  aiutn?  from 
a  mechanical  mixture  of  metallic  gold  and  peroxide  of  tin,  a  statement  which  is 
confirmed  by  Gay-Lussac.  (An.  de  Ch.  et  de  Ph.  xlix.  396.)  The  proportion  of 
these  products  corresponds  to  six  equivalents  of  peroxide  of  tin,  one  of  gold, 
and  six  of  water.  Nevertheless,  the  purple  of  Cassius,  as  is  indicated  both 
by  its  colour  and  its  solubility  in  ammonia,  is  not  a  mechanical  mixture  of 
these  ingredients ;  nor  can  it  well  be  regarded  as  a  chemical  compound  of 
gold  and  peroxide  of  tin,  since  no  definite  compound  of  the  kind  is  known  to 
chemists.  The  more  probable  supposition  is,  that  it  is  a  hydrated  double  salt, 
composed  of  peroxide  of  tin  as  the  acid,  united  with  protoxide  of  tin  and 
binoxide  of  gold  as  bases,  in  such  proportion  that  the  oxygen  of  the  gold 
exactly  suffices  to  convert  the  protoxide  into  peroxide  of  tin.    A  compound 

of  this  nature  is  expressed  by  the  formula  9(Sn+Sn)4.(Au4.Sn)4.6H. 

Terwlpkuret  of  OM. — On  transmitting  a  current  of  hydrosulphuric  acid 
gas  through  a  solution  of  gold,  a  black  precipitate  is  formed,  which  is  the 
tersulphuret     It  is  resolved  by  a  red  heat  into  gold  and  sulphur. 

The  compounds  of  gold  with  the  other  non-metallic  bodies  have  been  little 
examined. 


SECTION  XXVII. 

PLATINUM. 

Thu  valuable  metal  occurs  only  in  the  metallic  state,  associated  or  com- 
bined with  various  other  metals,  such  as  copper,  iron,  lead,  titanium,  chro- 
mium, gold,  silver,  palladium,  rhodium,  osmium,  and  iridium.  It  has 
hitherto  been  found  chiefly  in  Brazil,  Peru,  and  other  parts  of  Sooth 
America,  in  the  form  of  rounded  or  flattened  grains  of  a  metallic  lustre  and 
white  colour,  mixed  wkh  sand  and  other  alluvial  depositions.  The  particles 
rarely  occur  so  large  as  a  pea ;  but  they  are  sometimes  larger,  and  a  speci- 
men  brought  fi^m  Sooth  America  by  Humboldt  was  rather  larger  than  a 
p4geon*8  egg,  and  weighed  1088.6  grains.  In  the  year  1826,  however, 
Boussingadt  discovered  it  in  a  syenitic  rock  in  the  province  of  Antioquia  in 
South  America,  where  it  occurs  in  veins  associated  with  gold.  Rich  mines 
of  ^M  and  platinum  have  also  been  discovered  in  the  Uralian  Mountains. 
(Edmburgh  Journal  of  Science,  v.  323.) 

Pure  platinum  has  a  white  colour  very  much  like  silver,  but  of  inferior 
lustre.  It  is  the  heaviest  of  known  metals,  its  density  afier  forging  being^ 
about  21^5,  and  21.5  in  the  sUte  of  wire.  lU  malleability  is  considerable, 
though  fiir  less  than  that  of  gold  and  silver.  It  may  be  drawn  into  wires, 
the  diameter  of  which  does  not  exceed  ^e  2000th  part  of  an  inch.  It  is  a 
soft  metaJ,  and  like  iron  admits  of  being  welded  at  a  high  temperature.  Dr. 
Wollaston*  observed  that  it  is  a  less  perfoct  conductor  of  heat  than  several 
other  metals. 

Platinum  undergoes  no  change  from  the  combined  agency  of  air  and 
moisture;  and  it  may  be  exposed  to  the  stroogest  heat  of  a  smith's  forge 


*  The  reader  will  find,  in  the  Philosophical  Transactions  for  1829,  some 
important  directions  by  Dr.  Wollaston,  both  as  to  the  mode  of  extractingr 
platinum  from  its  ores,  and  of  communicating  to  the  pore  metal  its  highest 
degree  of  maUeability.  The  essay  receives  additional  interest,  from  being 
one  of  those  which  were  composed  during  the  last  illness  of  this  truly  iUas- 
trioqa  ptiilosopher. 
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wSihoat  ■nfibrinff  either  oxidation  or  farion.  On  heating  a  bum]]  wire  of  it 
by  means  of  galvanism  or  the  ozy-hydrogen  blowpipe,  it  is  fused,  and  after- 
wards bums  with  the  emission  of  sparlcB.  Smithson  Tennant  showed  that  it 
is  oxidized  when  ignited  with  nitre  (Philos,  Trans.  1797);  and  a  similar 
edSect  is  occasioned  by  pure  potassa  and  lithia.  It  is  not  attacked  by  any 
of  the  pore  adds.  Its  solvents  are  chlorine,  or  solutions,  such  as  nitro-hy- 
drochloric  acid,  which  supply  chlorine;  and  it  is  dissolved  with  greater 
difficulty  than  gold 

The  remarkable  property  observed  by  Dobereiner  in  spongy  platinum  of 
causing  the  union  of  oxygen  and  hydrogen  gases,  was  mentioned  at  page 
15Q,  a  property  which  Dulong  and  Thenard  showed  to  be  also  possessed, 
though  in  a  lower  degree,  by  platinum  in  its  compact  form  of  wire  or  foil, 
and  by  several  other  metals.  (An.  de  Cb.  et  de  Ph.  zziiL  and  ztiv.)  Faraday 
fPhiL  Trans.  1834,  part  i.)  has  lately  discussed,  with  his  wonted  ability  and 
aiieoess,  both  the  conditions  required  for  the  effective  action  of  platmuvi, 
and  the  cause  of  the  phenomenon.  The  sole  conditions  are  purity  of  the 
gases,  end  perfect  cleanliness  of  the  platimim.  By  cleanliness  is  meant 
perfect  absence  of  finreign  matter,  pure  water  excepted,  and  this  condition  is 
easily  secured  by  fbsinpr  pure  potassa  on  its  surface,  washing  off  the  aikaH 
by  pure  water,  then  dippin^r  the  platinum  in  hot  oil  of  vitriol,  and  again 
washing  with  water.  In  this  state  platinum  foil  acts  so  rapidly  at  common 
temperatures  on  oxygen  and  hydrogen  gases  mixed  in  the  ratio  of  1  to  2, 
that  it  often  becomes  red.hot  and  kindles  the  mixture.  Handling  the  pla- 
tinum, wiping  it  with  a  towel,  or  exposing  it  to  the  atmosphere  for  a  few 
days,  suffices  to  soil  the  surface  of  the  metal,  and  thereby  diminish  or  pre- 
vent its  aetioo.  These  phenomena  are  supposed  to  result  from  the  concur- 
ring influence  of  two  forces,  the  self-repulsive  ener^  of  similar  gaseous 
particles,  and  the  adhesive  attraction  exerted  between  Uiem  and  the  platinum. 
Each  gas,  repulsive  to  itself  and  not  repelled  by  the  platinum,  comes  into 
the  most  intimate  contact  with  that  metal,  and  both  gases  are  so  condensed 
upon  its  sarfiice,  that  they  are  brought  within  the  sphere  of  their  mutual 
attraction  and  combine.  Faraday  has  given  several  instances,  similar  to 
those  which  I  had  occasion  to  describe  some  years  ago  (Jameson's  Journal, 
zi.  99  and  311),  where  the  action  of  platinum  is  retarded  or  altogether  pre- 
vented by  smaJl  quantities  of  certain  gases^  such  as  hydrosulphuric  acid, 
carbonic  oxide,  and  defiant  gases.  One  would  be  tempted  to  suppose  that 
these  gases  act  by  soiling  the  metallic  surface,  though  in  some  respects  this 
explanation  is  not  satisfactory. 

The  equivalent  of  platinum,  deduced  bv  Berzelius  from  the  analysis  of  the 
iHchloride,  is  98.8.  The  composition  of  its  compounds  described  in  this 
section  is  as  foUows  :f— ^ 

Platinum.  Equiv.     Formtllie. 

Protoxide  98.8  1  eq^-Oxygen      8        1  eq.= 106.8    Pl+O  or  PI. 

Fmoxide  9^8  1  eq.+da  16        2  eq.=114.8    Pl-f  20  or  PI. 

Sesqnioxide?  197.6  2  eq.+do.  24  3  eq.=221.6    2Pl-f  30  or  PI. 

Protochloride  98.8  1  eq.+Chlorine  35.42  I  eq.  =134.22  PI  +C1  or  PICI. 

Bichloride  98-8  1  eq.+do.  70-84  2  eq.=l 69.64  P1+2C1  or  PlCl'. 

Protiodide  98.8  1  eq.+Iodine  126.3  1  eq.=225.1     Pl+I  or  PlI. 

Biniodide  98-8  1  eq.-fdo.  252-6  2  cq.= 351.4    P1+2I  or  P1I». 

ProtoBulphuret  98.8  1  eq.+Sulphur  16.1  I  cq.=  114.9    Pl+S  or  PIS. 

BUulphuret  98.8 1  eq.+do.  325  2  eq.=131       P1+2S  or  P1S«. 

Protoxide  of  Platinum* — This  oxide  is  prepared  by  diffesting  protochloride 
of  platinum  in  a  solution  of  pure  potassa,  avoiding  a  large  excess  of  the 
alkali,  since  it  dissolves  a  portion  of  the  oxide,  and  thereby  acquires  a  green 
colour.    In  this  state  it  is  a  hydrate  which  loses  first  its  water  and  then 
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oxygen  when  heated,  and  diiaolves  skiwij  in  aeidji»  yielding  aolntiona  of  a 
brownish- green  tint 

Binoxide, — This  oxide  is  prepared  with  difficulty,  owing  to  its  dispoeition, 
like  peroxide  of  gold,  to  act  rather  as  an  acid  than  an  alkaline  base,  and 
either  to  fall  in  combination  with  any  alkali  by  which  it  is  precipitated,  or 
to  remain  with  it  altogether  in  solution.  Berzelius  recommends  that  it 
ahottld  be  prepared  by  exactly  decomposing  sulphate  of  binoxide  of  platinnm 
with  nitrate  of  baryta,  and  adding  pure  soda  to  the  filtered  solution,  so  as  to 
precipitate  about  half  of  the  oxide ;  since  otherwise,  a  sub-salt  would  subside, 
xhe  oxide  falls  in  the  form  of  a  bulky  hydrate,  of  a  yellowish-brown  colonr: 
it  resembles  rust  of  iron  when  dry,  and  is  nearly  black  when  rendered  an- 
hydrous. 

Sesquioxide, — ^This  oxide,  of  a  gray  colour,  is  prepared,  according  to  its 
discoverer  Mr  E.  Davy,  by  heating  fuluiinating  platinum  with  nitrous  acid ; 
but  the  nature  of  the  compound  so  formed  has  not  yet  been  decisiTcly  deter- 
mmed.  (Phil.  Trans.  1830.) 

Prof  oeAZoruIe.— When  the  bichloride  is  heated  to  450^  half  of  its  chlorine 
is  expelled,  and  the  protochloride  of  a  greenish-gray  colour  remains.  It  is 
insoluble  in  water,  sulphuric  acid,  and  nitric  acid ;  but  hydrochloric  acid 
partially  dissolves  it,  yielding  a  red  solution.  At  a  red  heat  its  chlorine  is 
driven  off,  and  metallic  phitinum  is  left.  It  is  dissolved  by\  solution  of  the 
bichloride. 

Bichloride  €f  Platinum^ — ^This  chloride  is  obtained  by  evaporating  the 
solution  of  platinum  in  nitro-hydrochloric  acid  to  dryness  at  a  very  gentle 
heat,  when  it  remains  as  a  red  hydrate,  which  becomes  brown  when  its  water 
is  expelled.  It  is  deliquescent,  and  very  soluble  in  water,  alcohol,  and  ether; 
its  solution,  if  free  from  the  chlorides  of  palladium  and  iridium,  being  of  a 
pure  yellow  colour.  Its  ethereal  solution  is  decomposed  by  light,  metallic 
platinum  being  deposited. 

A  solution  of  platinum  is  recognized  by  the  following  chameters.  When 
to  an  alcoholic  or  concentrated  aqueous  solution  of  the  bichloride,  a  solution 
of  chloride  of  potassium  is  added,  a  crystalline  double  chloride  of  a  pale 
yellow  colour  subsides,  which  is  insoluble  in  alcohol,  and  sparingly  sdubls 
in  water :  at  a  red  beat  it  yields  chlorine  gas,  and  the  residue  consists  of 
metallic  platinum  and  chloride  of  potassium.  With  a  solution  of  hydro- 
chlorate  of  ammonia  a  similar  yellow  salt  falls,  which  when  ignited  leaven 
pure  platinum  in  the  form  of  a  delicate  spongy  mass,  the  power  of  which 
in  kindling  an  explosive  mixture  of  oxygen  and  hydrogen  gases  has  already 
been  mentioned. 

Protiodide  of  Platinum* — Lassaigne  prepared  this  compound  by  digesting 
the  protochloride  of  platinum  in  a  rather  strong  solution  of  iodide  of  potaa- 
sium,  when  the  protiodide  gradually  appeared  m  the  form  of  a  black  powder, 
which  is  insoluble  in  water  and  alcohol.  It  is  unchanged  by  the  sulphuric, 
nitric,  and  hydrochloric  acids,  decomposed  by  the  alkalies,  and  at  a  red  heat 
gives  off  its  iodine. 

Biniodide  of  Platinum, — ^Lassaigne  prepares  this  compound  by  the  action 
of  iodide  of  potassium  on  a  rather  dilute  solution  of  bichloride  of  platinum. 
At  first  the  liquid  acquires  an  orauj^e-red  and  then  a  claret  colour,  without ' 
any  precipitation ;  but  when  the  solution  is  boiled,  a  black  precipitate  sub* 
sides,  which  should  be  washed  with  hot  water  and  dried  at  a  heat  not  ex. 
ceeding  212^.  This  biniodide  is  a  black  powder,  sometimes  crystalline,  is 
tasteless  and .  inodorous,  insoluble  in  water,  and  may  be  boiled  in  water 
without  change.  By  alcohol  it  is  sparingly  dissolved,  especially  when  heat- 
ed. Acids  act  feebly  upon  it;  but  it  is  decomposed  by  alkalies,  and  begins 
to  lose  iodine  at  270^.    (An.  de  Cb.  et  de  Ph.  li.  113.) 

Proloaulphuret  of  Platinum, — It  is  formed  by  heating  in  a  retort  the 
yellow  ammoniacaJ  chloride  of  platinum  with  half  its  weight  of  sulphnr 
imtil  all  the  salammoniac  and  excess  of  sulphur  are  expeUed.  The  proto- 
sulphuret  is  then  left  as  a  gray  powder  of  a  metallie  lustre.  It  may  also  be 
formed  by  the  action  of  hydrosulphurie  acid  on  protochloride  of  phitinum. 
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Penmlpkunt^ — ^It  u  ibnned  a«  a  brown  precipitate,  whidi  beeomeB  black 
wben  dried,  by  letting  fall  a  eolation  of  bichloride  of  platinun  drop  by  drop 
into  a  lolotion  of  aulphoret  of  poUtssium,  or  b^  transmitting  hydrosulpharic 
acid  gas  into  a  oolution  of  the  double  chloride  of  platinum  and  sodium. 
(Berxelius.)  It  should  be  dried  in  vacuo  by  aid  of  sulphuric  acid ;  since,  by 
exposure  to  the  air  in  a  moi^t  state,  sulphuric  acid  is  generated. 

Fnlminatinff  j^tinum  may  be  prepared  by  the  action  of  ammonia  in  slight 
excess  on  a  s^ution  of  sulphate  of  oxide  of  platinum.  (E.  Davy.)  It  is 
analogoos  to  the  detonatiDg  compounds  which  ammonia  forms  with  the 
oxides  of  gold  «iid  silver. 


SECTION  XXVIIL 

PALLADIUM,  RHODIUM,  OSMIUM,  AND  IRIDIUM. 

Tri  four  metals  to  be  described  in  this  section  are  all  contained  in  the  ore 
of  platinum,  and  have  hitherto  been  procured  in  very  small  quantity.  When 
the  ore  is  digested  in  nitro-hydrochloric  acid,  the  platinum,  together  with 
|>alladium,  rhodium,  iron,  copper,  and  lead,  is  dissolved ;  while  a  black  powder 
isjeft  consisting  of  osmium  and  iridium. 

PALLADIUM. 

This  metal  was  discovered  in  1803  by  Wollaston  (Phil.  Trans.  1804  and 
1805).  On  adding  bicyanoret  of  mercurv  dissolved  in  water  to  a  neutral  so- 
lution of  the  ore  of  platinum,  either  before  or  aflcr  the  separation  of  that 
metal  by  hydrochlorate  of  ammonia,  a  yellowish-white  flocculent  precipitate 
is  gradually  deposited,  which  is  cyanuret  of  palladium.  When  this  com- 
pound is  heated  to  redness,  the  cyanogen  is  expelled,  and  pure  palladium 
remains.  In  order  to  obtain  it  in  a  malleable  state,  the  metal  should  be 
heated  with  sulphur,  and  the  resulting  sulphuret  purified  by  cupeUation  in  an 
open  crucible  with  borax  and  a  little  nitre.  It  is  then  roasted  at  a  low  red 
heat  on  a  flat  brick,  and  when  reduced  to  a  pasty  consistence,  it  is  pressed 
into  a  square  or  oblong  perfectly  flat  cake.  It  is  again  to  be  roasted  very 
patiently,  at  a  low  red  neat,  until  it  becomes  spongy  on  the  surface;  and 
when  quite  cold,  it  is  condensed  by  frequent  tappings  with  a  light  hammer. 
By  alternate  roastinn  and  tappmgs  the  sulphur  is  burned  ofl*,  and  the 
metal  rendered  sufficiently  dense  to  be  laminated.  Thus  prepared  it  is 
rather  brittle  while  hot,  which  Wollaston  supposed  to  arise  from  a  small 
remnant  of  sulphur.    (Phil.  Trans.  1829,  p.  7.) 

Palladium  resembles  pkitinum  in  colour  and  lustre.  It  is  ductile  as  well 
as  malleable,  and  is  considerably  harder  than  platinum.  Its  specific  gravity 
varies  from  11.3  to  11.8.  In  fusibility  it  is  intermediate  between  gold  and. 
platinum,  and  is  dissipated  in  sparks  when  intensely  heated  by  the  oxy- 
hvdrogen  blowpipe.  At  a  red  heat  in  oxygen  gaff,  its  surface  acquires  a  fine 
blue  colour,  owing  to  superficial  oxidation ;  but  the  increase  of  weight  is  so 
slight  as  not  to  be  appreciated. 

Palladium  is  oxidized  and  dissolved  by  nitric  acid,  and  even  the  sulphuric 
and  hydrochloric  acids  act  upon  it  by  the  aid  of  heat;  but  its  proper  solvent 
is  nitro-hydrochloric  acid.  Its  oxide  forms  beautifiil  red-coloured  salts,  from 
which  metallic  palladium  is  precipitated  by  sulphate  of  protoxide  of  iron,  and 
by  all  the  metals  described  in  the  foregoing  sections,  excepting  silver,  gold, 
and  platinum. 

From  the  axuJysis  by  Berzelius  of  the  double  chloride  of  palladium  and 
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poAaMiam  the  eqaiTaleni  of  palladium  is  inferred  to  be  53^.    The  eompoU' 
tion  of  its  compoonds  described  in  this  section  is  as  follows :— > 

Palladium.  Eqaiv.  Formale. 

Protoxide         53.3    1  eq.+Oxygr.    S       1  eq.=:  61.3    Pd+O  or  Pd. 

Binozide  53.3  1  eq.4-do.        16  2  eq.s  69.3    Pd4^0  or  Pd. 

Protochloride    53.3  1  eq.+Cblor.  35.42  1  eq.==i  88.72  Pd+Cl  or  PdCL 

Bichloride         5313  1  eq.4-da        70.84  2  eq.==124.l4  Pd+2aorPdChi. 

Protosulphurel  53.3  1  eq.+Sulph.  16.1  1  eq.=  69.4    Pd+SorPdS. 

Protoxide  of  Palladium. — This  oxide  is  obtained  as  a  hydrate  of  a  deep 
brown  colour  by  decomposing  its  salts  with  an  excess  of  carbonate  of 
potassa  or  soda ;  and,  by  washmg  and  heating  to  low  redness,  the  anhydrous 
protoxide  of  a  black  colour  is  lett  It  is  also  obtained  by  beating  the  nitrate 
at  a  low  red  heat  In  the  anhydrous  state  it  is  dissolved  with  difficulty  b^ 
acids.  When  strongly  heated  it  parts  with  its  oxygen.  Berzelius  says  it 
falls  from  its  salts  on  the  addition  of  the  alkalies  as  a  subsalt,  which  is  dis- 
solved by  the  alkali  in  excess. 

Binozide, — ^To  prepare  this  oxide  Berzelius  recommends  that  a  solution  of 
potassa  or  its  carbonate  in  excess  should  be  poured  by  little  and  httle  on  the 
9olid  bichloride  of  palladium  and  potassium,  and  the  materials  be  well  inter- 
mixed :  water  is  not  first  added,  because  it  decomposes  the  double  chloride; 
and  the  alkali  is  not  added  all  at  once,  because  the  biooxide  would  then  be 
dissolved  at  first,  and  afterwards  separate  out  as  a  gelatinous  hydrate,  which 
could  not  be  purified  by  washing.  When  prepared  with  the  foregoing  di- 
rections, the  biooxide  is  obtain^  as  a  hydrate  of  a  deep  yellowuh-brown 
colour,  which  retains  a  little  potassa  in  combination ;  but  on  heating  the 
solution  to  212^,  the  alkali  is  dissolved  and  the  anhydrous  black  oxide  left 
Protochloride  of  Palladium, — It  is  obtained  by  evaporating  to  dryness  a 
solution  of  palladium  in  nitro-hydrochloric  acid,  being  lef\  as  a  brown  crys- 
talline hydrate,  which  becomes  black  when  its  water  is  expelled.  It  loses  its 
chlorine  when  strongly  heated,  and  is  soluble  in  water. 

The  bichloride  is  mrmcd  by  digesting  the  protochloride  in  nitro-hydro- 
chloric acid,  and  exists  only  in  solution,  the  colour  of  which  is  of  so  deep  a 
brown  as  to  appear  nearly  black.  It  is  readily  distinguished  from  the  proto- 
chloride by  yielding  with  chloride  of  potassium  a  double  chloride  of  a  red 
colour ;  whereas  that  formed  with  the  protochloride  is  yellow. 

Protoeulphuret  of  Palladium. — It  is  readily  formed  by  heating  the  metal 
with  sulphur,  and  is  a  fusible  brittle  compound  of  a  gray  colour. 

RHODIUM. 

This  metal  was  discovered  by  Wollaston  at  the  time  he  was  occupied  with 
the  discovery  of  palladium.  On  immersing  a  thin  plate  of  clean  iron  into 
tlie  solution  from  which  palladium  and  the  greater  part  of  the  platinum  have 
been  precipitated,  the  rhodium,  together  with  small  quantities  of  platinum, 
copper,  and  lead,  is  thrown  down  in  the  metallic  state ;  and  on  digesting  the 
preeipitalo  in  dilute  nitric  acid,  the  tw(^  last  metals  are  removed.  The 
rhodium  and  platinum  are  thSn  dissolved  by  means  of  nitro-hydrochloric 
acid,  and  the  solotion,  afler  being  mixed  with  some  chloride  of  sodium,  is 
evaporated  to  dryness.  Two  double  chlorides  result,  that  of  platinum  and 
sodium,  and  of  rhodium  and  sodium,  the  former  of  which  is  soluble,  and  the 
-latter  insoluble  in  alcohol;  and  they  may,  therefore,  be  separated  from  each 
other  by  this  menstruum.  The  double  chloride  of  rhodium  is  then  dissolved 
in  water,  and  metallic  rhodium  precipitated  by  insertion  of  a  rod  of  zinc. 

Rhodium,  thus  procured,  is  in  the  form  of  a  black  powder,  which  requires 
the  strongest  beat  that  can  be  produced  in  a  wind  furnace  for  fusion,  and 
when  fused  has  a  white  colour  and  metallic  lustre.  It  is  brittle,  is  extremely 
hard,  and  has  a  specific  gravity  of  about  11.  It  attracts  oxygen  at  a  red 
^eat,  a  mixture  of  peroxide  and  protoxide  being  formed.    It  is  not  attacked 
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by  Oiy  of  the  acids  when  ia  its  pare  state;  but  if  alloyed  with  other  metals, 
such  as  copper  or  lead,  it  is  dissoWed  by  nitro^bydrochloric  acid,  a  circum- 
atance  which  accoanta  for  its  presence  in  the  solution  of  crude  platinum.  It 
is  oxidized  by  bein?  ignited  either  with  nitre,  or  bisulphate  of  potaasa. 
When  heated  with  the  hitter,  sulphurous  acid  gas  is  evoi?ed,  and  a  double 
sulphate  of  peroxide  of  rhodium  and  potaasa  is  generated,  which  dissolves 
readily  in  hot  water,  and  yields  a  yellow  solution.  The  presence  of  rhodium 
in  platinum,  iridium,  and  osmium  may  thus  be  detected,  and  by  repeated 
fusion  a  perfect  separation  be  accomplished.    (Berzelius.) 

Chemists  are  acquainted  with  two  oxides  of  rhodium.  The  protoxide  is 
Mack,  and  the  peroxide,  which  is  the  base  of  the  salts  of  rhodium,  is  of  a 
yellow  colour.    Most  of  its  salts  are  either  red  or  yellow. 

From  the  composition  of  the  double  chloride  of  rhodium  and  potassium 
Berzelius  considers  52J2  as  the  equivalent  of  rhodium;  and  its  compounds 
described  in  this  section  are  thus  constituted : — 

Rhodium.  Equiv.      Formula. 

Protoxide       52.2  1  eq.^.  Oxygen    8       1  eq.=  60.2      R+OorR. 

Peroxide      1044  2  eq.+  do.        24       3  eq.=  128.4    2R+30orR^ 
Protochloride52J2  1  eq.+Chlor.     35.42  1  eq.=  87.62     R-fClorRCl. 
Perchloride  104.4  2  eq.-j-  do.      106.26  3  eq.=210.66  2R4.3ClorR»Cl3. 
Sulphuret     Probably  a  protosulphuret 

Oxides  of  Rhodium, — The  first  grade  of  oxidation  has  not  yet  been  insu- 
lated. The  peroxide  is  generated  when  pulverulent  rhodium  is  heated  to 
redness  in  a  silver  crucible  mixed  with  hydrate  of  potassa  and  a  little  nitre, 
when  the  rhodium  is  oxidized  and  acquires  a  coffee-brown  colour.  To  re- 
move the  potassa  united  with  the  peroxide,  the  mass  is  first  washed  with 
water  and  then  digested  in  hydrochloric  acid,  when  it  acquires  a  greenish- 
^ay  colour,  and  is  left  as  a  pure  hydrate  of  the  peroxide.  In  this  state  it  is 
insoluble  in  acids.  If  an  excess  ot  carbonate  of  potassa  or  soda  is  added  to 
the  double  chloride  of  rhodium  and  potassium,  and  the  solution  is  evaporated, 
a  gelatinous  hydrate  falls ;  but  on  attempting  to  dissolve  in  acid  the  potassa 
combined  with  the  peroxide,  the  latter  is  also  dissolved. 

Chlorides  of  Rhodium. — ^The  only  chloride  which  has  yet  been  insulated 
is  the  perchloride,  which  Berzelius  obtained  by  adding  to  a  solution  of  the 
double  chloride  of  rhodium  and  potassium,  silico-hydrofiuoric  acid  as  long  as 
the  double  fluoride  of  potassium  and  silicium  was  generated,  after  which  the 
filtered  liquid  was  evaporated  to  dryness,  and  redissolved  in  water;  This 
perchloride  when  dry  has  a  dark  brown  colour,  is  uncrystalline,  and  decom- 
posed  by  a  full  red  heat  into  chlorine  and  metallic  rhodium.  It  deliquesces 
in  the  air  into  a  brown  liquid,  tad  its  aqueous  solution  has  a  fine  red  colour, 
whence  its  name  of  rhodium  (from  ^od*9v,  a  rose)  is  derived.  (An.  de  Ch.  et 
de  Ph.  xl.  51. 

Sulphuret  of  Rhodium. — It  may  be  formed  by  heating  rhodium  directly 
with  sulphur,  fuses  at  a  white  heat  without  decomposition,  and  has  a  bluish- 
gray  colour  with  a  metallic  lustre.  WoUaston  made  use  of  it  for  procuring 
the  metal  iu  a  coherent  state,  in  the  same  manner  as  sulphuret  of  palladium 

OSMIUM  AND  IRIDIUM. 

These  metals  were  discovered  by  the  late  Mr.  Tennant  in  the  year  1803 
(Phil.  Trans.  1804),  and  the  discovery  of  iridium  was  made  about  the  same 
time  by  M.  Descotils  in  France.    The  black  powder  mentioned  at  the  be- 

f  inning  of  this  section  is  a  compound  of  osmium  and  iridium,  an  alloy  which 
IToUaston  detected  in  the  form  of  flat  white  grains  among  fragments  of 
crude  platinum*  This  allojr,  which  is  quite  inmluble  in  nitro-hydrochloric 
acid,  is  the  source  from  which  osmium  and  iridium  are  extracted. 
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Oufixni^— This  nMtal  ii  Mpsrated  from  the  alloy  jut  mentioBed  by  i 
with  loda  or  nitre;  and  the  ioUowing  procees,  ffiven  by  WollaatoDf  may  be 
reaorted  to  with  advanUge.  (FbiL  Trana.  1«)9,  p.  8,)  The  piUveniknt 
alloy  ia  ground  into  a  fine  powder  with  a  third  of  its  weight  of  nitrey  and 
the  mixture  heated  to  redneu  in  a  eilver  cruciUe  until  it  is  reduced  lo  a 
pasty  state,  when  the  oharacteristie  odour  of  oxide  of  osmium  will  be  percep- 
tible. Dissolve  the  soluble  parts,  which  contain  oxide  of  osmium  in  comU- 
nation  with  potassa,  in  the  smallest  possible  quantity  of  water,  and  acidulate 
the  solution,  introduced  into  a  retort,  with  sulphuric  acid  diluted  with  its  own 
weight  of  water.  By  distilling  rapidly  into  a  clean  receiver  as  long  as  osmic 
fumes  pass  over,  the  oxide  will  be  collected  on  its  sides  in  the  form  of  a  white 
crust ;  and,  there  melting,  it  will  run  down  in  drops  beneath  the  watery  ao- 
lution,  forming  a  6uid  flattened  globule  at  the  bottom.  As  the  receiver  cools 
the  oxide  becomes  solid  and  crystallizes. 

Osmium  is  precipitated  from  the  solution  of  its  oxide  by  all  the  metals 
excepting  gold  and  silver.  A  convenient  mode  of  reduction  u  to  agitate  it 
with  mercurv,  adding  hydrochloric  acid  to  decompose  the  protoxide  of  mer- 
cury which  IS  formed,  and  then  expelling  the  mercury  and  calomel  by  heaL 
The  osmium  is  left  as  a  black  porous  powder,  which  acquires  metallic  lustre 
by  friction.  If  it  has  been  exposed  to  a  very  gentle  heat,  its  specific  gravity 
is  7,  it  takes  fire  when  heated  in  the  open  air,  and  is  readily  oxidiwd  and 
dissolved  by  fuming  nitric  acid  ;  but  a  red  beat  gives  it  greater  compact- 
ness, and  in  that  state  it  ceases  to  be  attacked  by  acids,  and  may  be  freely 
heated  without  oxidation.  In  its  densest  state  Berzelius  found  its  specific 
gravity  to  be  10.    (An.  de  Ch.  et  de  Ph.  xL  257,  and  xlii.  185.) 

Berzelius,  from  his  late  researches  on  the  compounds  of  osmium,  considers 
99.7  to  be  its  equivalent,  and  gives  the  composition  of  its  oxides,  chlorides, 
and  Bulphurets  as  follows : — 

Osmium.  Equiv.        FormulsB. 

Protoxide       99.7  1  eq.  4.  Oxygen    8  1  eq.  =107.7  Os^-O  or  6s. 

Se«iuioxide  199.4  2  eq.+da  24  3  eq.»223.4  208+30  or  0»^ 

Binoxide        99.7  1  eq.^-do.  16  2  eq.sll5.7  08^.20  or  6b. 

Teroxide        99.7  1  eq.+do.  24  3  eq.asl23.7  Os+SO  or  Os. 

Peroxide        99.7  1  eq.^-do.  32       4  eq.ss:131.7      OS4.4O  or  0^ 

Protochlor.     99.7  1  eq.+Chlor.  35.^  1  eq. =135.12   Os+QorOsCL 

Sesquicfalor.  199.4  2  oq.4.do.  106i26  3  eq.  =305.66 20s4.3Cl or OstCU. 

Bichloride      99.7  1  eq.+do.  70,84  2  eq.=170.54   OS4.2CI  or  OsCla. 

Terchloride   99.7  1  eq.^-do.  106i26  3  eq.  =205.96    OsJ.3Ci  or  OtQ^. 

Protosulph.    99.7  1  eq.  +  Sulph.  16.1    1  eq.=115.8      Os  +  SorOsS. 

Sesquisulph.199.4  2eq.  +  do.  48.3    3  cq.  =247.7    20s4-3S  or  OsSS'. 

Bisulphuret  99.7  1  eq.4.do.  32.2    2eq.=131.9      Os-L2S  or  OsSa. 

TeiBulph.      99.7  1  eq.^^do.  48.3    3  eq.»148        0s4.3S  or  OsS^. 

Oxide9  of  Osmium. — For  a  minute  description  of  these  compounds  I  refer 
to  the  essays  of  Berzelius  above  cited.  The  protoxide  is  precipitated  by  pure 
alkalies  from  the  protochloride,  and  falls  as  a  deep  green,  nearly  black,  hy. 
drate,  which  is  soluble  in  acids,  and  detonates  when  heated  with  combustible 
matter.  The  binoxid§  is  thrown  down  as  a  hydrate  of  deep  brown  colour 
when  a  saturated  solution  of  the  bichloride  is  heated  with  carbonate  of  soda. 
It  retains  a  little  alkali  in  combination ;  but  the  soda  is  easily  removed  by 
dilate  hydrochloric  acid,  without  the  oxide  being  dissolved.  The  tenaritU  is 
prepared  in  like  manner  from  the  terchloride.  The  $e$guiajnde  has  not 
been  obtained  in  a  separate  state;  but  it  is  procured  in  combioation  wkh 
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ammonta,  when  the  binoxide  is  treated  with  a  large  excess  of  pare  ammonia, 
nitrogen  gas  being  disengaged  at  the  same  time. 

The  highest  stare  of  oxidation  is  the  volatile  oxide,  which  is  the  product 
of  the  oxidation  of  osmium  by  acids,  bj  combustion,  or  by  fusion  with  nitre 
or  alkalies;  and  it  may  be  procured  by  the  process  above  mentioned  in 
colonrless  transparent  elongated  crystals,  or  as  a  colourless  solution  in  water. 
Its  vapour  is  very  acrid,  exciting  cough,  irritating  the  eyes,  and  producing 
a  copious  flow  of  saliva ;  and  its  odour  is  disagreeable  and  pungent,  some- 
what  like  that  of  chlorine ;  a  property  which  suggested  the  name  of  osmium, 
(From  otf-yuS,  odour.)  It  does  not  combine  with  acids ;  on  the  contrary, 
tliongh  it  has  no  acid  reaction,  it  unites  with  alkalies,  and  the  compound 
sustains  a  strong  heat  without  decomposition.  It  is  hence  sometimes  caUed 
09mic  acid.  When  touched,  it  communicates  a  stain  which  cannot  be  re- 
moved by  washing.  With  the  infusion  of  gall-nuts  it  yields  a  pnrple  solution, 
which  afterwards  acquires  a  deep  blue  tint;  a  character  which  forms  a  sure 
and  extremely  delicate  test  for  peroxide  of  osmium.  By  sulphurous  acid  it 
is  deoxidized,  and  the  colour  of  the  solution  passes  through  the  shades  of  yel- 
low, orange,  brown,  green,  and  lastly  blue,  when  it  resembles  sulphate  of 
indiffo.  These  chsnges  correspond  to  sulphates  of  the  different  oxides  of 
osmmm,  the  last  or  blue  oxide  being  a  compound  of  protoxide  and  seaqui- 
oxide  of  osmium. 

Chlorides  of  (hmium, — Berzelius  has  described  four  chlorides  of  osmium, 
corresponding  to  the  four  first  degrees  of  oxidation  above  mentioned.  When 
osmium  is  heated  in  a  tube  in  a  current  of  dry  chlorine  gas,  a  deep  green 
sublimate  is  formed,  which  is  the  protochloride.  On  continuing  the  process 
it  yields  a  red  sublimate,  which  is  the  bichloride.  For  the  remaining  details, 
which  are  rather  minute,  I  may  refer  to  the  essay  already  cited.  Several  of 
these  chlorides  yield  double  compounds  with  sodium,  potassium,  and  ammo- 
nia. 

Osmium  unites  with  sulphur  in  the  dry  way,  or  when  precipitated  from 
the  chlorides  by  hydrosulphuric  acid.  The  sulphurets  obviously  correspond 
to  the  number  of  the  oxides.  (Berzelius.) 

Iridium. — In  the  process  already  described  for  separating  osmium  from 
its  ore,  oxide  of  iridium  is  left  in  combination  with  potassa,  aflcr  the  soluble 
compound  of  osmium  has  been  removed  by  the  action  of  water.  On  digesting 
the  mass  in  hydrochloric  acid,  a  blue  solution  is  obtained ;  but  it  aAerwards 
becomes  of  an  olive-green  hue,  and  subsequently  acquires  a  deep  red  tint 
This  variety  of  colour,  which  suggested  the  name  of  iridium  (Iris,  the 
rainbow),  is  owing  to  the  successive  production  of  different  compounds.  In 
genera],  after  treatment  with  hydrochloric  acid,  some  undecomposed  ore 
remains,  which,  from  its  refractory  nature,  often  requires  repeated  fusion 
with  nitre. 

The  chloride  of  iridium  obtained  by  the  foregoing  process  is  distinguished 
by  forming  with  water  a  red  solution,  which  is  rendered  colourless  by  tho 
pure  alkalies  or  alkaline  earths,  by  hydrosulphuric  acid,  infusion  of  galUnuts, 
or  ferrocyanuret  of  potassium.  It  is  decomposed  by  nearly  all  the  metals 
except  gold  and  platinum,  iridium  being  thrown  down  in  the  metallio 
state.  The  metal  may  also  be  procured  by  exposing  the  chloride  to  a  red 
heat. 

Iridium  is  a  brittle  metal,  and  apt  to  fall  into  powder  when  burnished ; 
but  with  care  it  may  be  polished,  and  then  acquires  the  appearance  of 
platinum.  Of  all  known  metals  it  is  the  most  invisible  :  Mr.  Children,  by 
Bieaas  of  his  large  galvanic  battery,  fused  it  into  a  globule  of  a  brilliant 
metallic  lustre  and  white  colour,  having  a  density  of  18.68 ;  but  the  attempts 
at  fusion  by  Berzelius  were  unsuccessful.  Its  greatest  specific  gravity  in 
the  uDfnsed  sUte  is  15.8629.  It  is  oxidized  at  a  red  heat  in  the  open  air,  it 
iu  a  state  of  fine  division,  but  not  otherwise ;  and  it  is  attacked  with  difficulty 
even  by  nitro-hydrochloric  acid. 

The  equivalent  of  iridium  is  estimated  by  Berzelius  at  98.8,  being  identi- 
cal with  that  of  platinum.    It  forms  with  oxygen  four  oxides  exactly  ana. 

35* 
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loroiii  in  oompoihum  to  the  ibar  fint  onto  of  omium  in  tho  fimgoiaf 
table,  and  lie  foor  chlorides  oorreepond  to  thoea  of  oamiuoi.  Its  sulpbaraU 
have  been  UtUe  examined^  but  they  doabtless  oorrespood  to  the  oxides.  (An. 
de  Ch.  et  de  Ph.  zl.  257,  and  z]iL  185.) 

Oxide$  €f  Iridium, — The  protoxide,  sesquiozide,  and  tcroxide  are  preci|ii- 
.tated  bj  alkalies  from  the  chloride  to  which  each  is  resnectively  propmlional. 
T^  frolMnde  is  grreenish-gray  as  a  hydrate,  and  black  when  anhydrooa. 
The  $€$auioxide  is  bluish-black  in  the  dry  state,  and  deep  brown  as  a  hydrate. 
The  hyorated  teraxidt  is  of  a  yeUowish-brown  or  greenish  cofeor.  The 
binoxide  has  not  hitherto  been  insnlated.  Berxelios  has  not  folly  decided 
the  nature  of  the  compound  which  is  considered  as  the  blue  oxide,  that 
which  forms  a  blue  smution  with  acids ;  but  he  believes  it  to  be  a  oom<- 
pound  of  the  protoxide  and  aesquioxide.  This  variety  of  oxides,  together 
with  the  facility  with  which  they  appear  to  pass  from  one  to  the  other,  am- 
pljT  accounts  for  the  diversity  of  tints  sometimes  observed  in  solutions  of 
iridium. 

Chtoride9  of  /ridtttm.— The  prctoeUoride  is  obtained  as  a  light  powder  of 
a  deep  olive-green  colour,  b^  transmitting  chlorine  gas  aver  pilverulent  iri- 
dium heated  to  a  commencmg  red  heat.  When  heated  to  redness  its  chlo- 
rine is  expelled.  It  is  insoluble  in  water,  and  but  sparingly  dissolved  by 
acids,  even  the  nitro-hydrochloric ;  but  when  the  hydrated  protoxide  is  di- 
gested in  the  hydrochloric  acid,  the  protochloride  is  reproduced  and  dis- 
solved, fbrmiog  probably  a  soluble  compound  of  the  protochloride  and  hydro- 
chloric|acid.  Its  solution  is  a  mixture  of  brown,  ^reen,and  yellow.  (Berxelios.) 

The  8e9qtiichloride  is  best  obtained  by  calcinmg  iridium  with  nitre,  digest- 
ing tiie  product  in  nitric  acid,  and,  after  washing,  dissolving  the  residual 
oxide  in  hydrochloric  acid.  Its  solution  has  a  dark  yellowulb-brown  tint, 
which  is  so  intense  that  a  small  quantity  renders  water  opaque.  By  evapo- 
ration it  yields  a  black  mass,  wholly  uncrystalline,  and  deliquescent  in  the 
air. 

The  lichhride  is  formed  by  digesting  at  a  moderate  heat  tlie  sesquichloride 
in  nitro-hydrochloric  acid.  It  is  deliquescent  and  very  soluble,  yielding  a 
solution  of  a  dark  reddish-brown  colour.  When  its  solution  is  evaporated  to 
dryness,  except  at  a  heat  not  exceeding  104^,  it  loses  chlorine,  and  is  recon- 
verted into  the  sesquichloride. 

The  Urchloride  has  not  been  obtained  in  a  separate  form,  but  only  as  a 
double  chloride  with  potassium.  It  appears  to  be  the  principal  compound 
Ibrmed  in  the  process  above  |rivcn  for  extracting  iridium  from  its  ore,  and 
is  recognized  by  its  rose-red  tint. 

Iridium  has  a  considerable  affinity  for  carbon,  combining  with  it  when  a 
piece  of  metal  is  held  in  the  flame  of  a  spirit-lamp.  The  resulting  carburet 
contains  19.8  per  cent  of  carbon. 


SECTION  XXIX. 

METALLIC  CX)MBINATIONa 

Ha  VINO  completed  the  history  of  the  individual  metals,  and  of  the  ooa- 
*  pounds  resulting  from  their  union  with  the  simple  non-metallic  bodies,  I 
shall  treat  briefly  in  the  present  section  of  the  combinations  of  the  metals 
with  each  other.  These  compounds  are  called  aUo^;  and  to  those  alloys, 
of  which  mercury  is  a  constituent,  the  term  amalgam  is  applied.  It  b  pro- 
bable that  each  metal  is  capable  of  uniting  in  one  or  more  proportions  with 
e^ierj  other  metal,  and  on  this  supposition  the  number  of  alloys  would  be 
exceedingly  numerous.  This  department  of  chemistry,  however,  owing  to 
Its  having  been  cultivated  with  less  seal  than  moat  oiber  branches  or  tho 
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tcwnot,  it  as  yet  Umitad,  and  our  knowledM  eonoemiag  H  impetftet  On 
this  •ooount  I  shall  msntioD  those  alloys  snij  lo  which  loiiia  patrticdar  into* 
l«st  is  atUchsd. 

Metals  do  not  combioe  with  each  other  in  their  solid  state*  owing  to  ths 
influence  of  chemical  afiinity  being  ooonteracted  b^  the  force  (^cohesion.  It 
is  necessary  to  liqoef?  at  least  one  of  them,  in  which  case  they  always  unite, 
provided  their  mutual  attraction  is  energetic.  Thus,  brass  is  formed  when 
pieces  of  copper  are  put  into  melted  zinc ;  and  gold  unites  with  mercury  at 
oooimon  temperatures  by  mere  coutact 

Metals  appear  to  unite  with  one  another  in  every  proportion,  precisely  in 
the  same  manner  as  sulphuric  acid  and  water.  Thus  there  is  no  limit  to  the 
number  of  alloys  of  gold  and  copper.  It  b  certain,  however,  that  metals  have 
a  tendency  to  combine  in  de6nite  proportion ;  for  several  atomic  compounds 
of  this  kind  occur  native.  The  crystallized  amalgam  of  silver,  for  example, 
is  composed,  according  to  the  ahalysb  of  Klaproth,  of  64  parts  of  mercury 
and  36  of  silver,  numbers  which  are  so  nearly  in  the  ratio  of  303  to  108,  that 
the  amalgam  may  be  inferred  to  contain  one  equivalent  of  each  of  its  ele- 
ments. It  is  indeed  possible  that  the  variety  of  proportion  in  alloys  is  rather 
apparent  than  real,  arising  from  the  mixture  of  a  few  definite  compounds 
with  each  otlier,  or  with  uncombined  metal ;  an  opinion  not  only  suggested 
by  the  mode  in  which  alloys  are  prepared,  but  in  some  measure  supported 
by  observation.  Thus,  on  adding  snccensive  small  quantities  of  silver  to 
mereury,  a  great  variety  of  fluid  amalgams  are  apparently  produced ;  but, 
in  reahty,  w  chief^  if  not  the  sole  compound,  is  a  solid  amalgam,  which  is 
merely  diffused  throughout  the  fluid  mass,  and  may  be  separated  by  pressing 
the  liquid  roercurv  through  a  piece  of  thick  leather. 

This  view  is  strengthened  bv  some  late  experiments  by  Rudberg.  (An. 
de  Ch.  et  de  Ph.  zlviii.  363.)  fie  finds  that  variable  mixtures  of  metals  in 
cooling  after  fusion,  have  generally  two  periods  when  the  thermometer  is 
stationary.  In  alloys  of  lead  and  tin  one  of  these  points  is  uniformly  at 
3684°  for  all  mixtures,  while  the  otlier  point  varies  according  as  one  or  the 
other  metal  is  predominant,  and  is  near  the  fusing  point  of  the  predominating 
metal.  From  this  it  is  inferred  that  the  Utter  point  is  caused  by  the  conge, 
lation  of  the  predominating  metal,  and  the  constant  point  is  the  congealing 
temperature  of  an  alloy  of  uniform  composition  present  in  all  the  mixtures. 
This  alloy  is  composed  of  three  equivalents  of  tin  and  one  eq.  of  lead,  its  con- 
gealing  point  being  368^<^.  In  variable  mixtures  of  bismuth  and  tin  the 
constant  point  is  §894°,  which  is  the  congealing  temperature  of  an  alloy 
oomposed  of  single  equivalents  of  tin  and  bismuth. 

Alloys  are  analogous  to  metals  in  their  chief  physical  properties.  They 
are  opaque,  possess  the  metallic  lustre,  and  are  good  conductors  of  heat  and 
electricity.  They  oAen  differ  materially  in  some  respects  from  the  elements 
of  which  they  consbt  The  colour  of  an  alloy  is  sometimes  different  from 
that  of  its  constituents,  of  which  brass  is  a  remarkable  example.  The  hard- 
ness of  a  metal  is  in  general  increased  by  bein^  alloyed,  and  for  this  reason 
its  elssticity  and  sonorousness  arc  frequently  improved.  The  malleability 
and  ductility  of  metals,  on  the  contrary,  are  usually  impaired  by  combination. 
Alloys  formed  of  two  brittle  metals  are  always  brittle ;  and  an  alloy  com. 
posed  of  a  ductile  and  a  brittle  metal  is  ^nerally  brittle,  especially  if  the 
latter  predominate.    An  alloy  of  two  ductile  metals  is  sometimes  bnttle. 

The  density  of  an  alloy  is  sometimes  less,  sometimes  greater,  than  the 
mean  densi^  of  the  metals  of  which  it  is  composed. 

The  fiisibility  of  metals  is  greatly  increased  by  being  alloyed.  Thus  pore 
platinum,  which  cannot  be  completely  fused  in  the  most  intense  heat  dT  a 
wind  fnmaoe,  forms  a  very  fusible  alloy  with  arsenic 

The  tendency  of  metals  to  unite  with  oxygen  is  considerably  augmented 
by  being  alloyed.  This  effect  is  particularly  conspicuous  when  dense 
metals  are  liquefied  by  combination  with  quicksilver.  Lead  and  tin,  for 
instaaee,  wJien  uited  with  mercury,  are  soon  oxidized  by  exposure  to  the 


416  ALLOTS. 

atmosphere ;  and  even  gold  and  silver  combine  with  oxygen,  when  the 
amalgams  of  those  metals  are  agitated  with  air.  The  oxidability  of  one 
metal  in  an  alloy  appears  in  some  instances  to  be  increased  in  eonseqnenoe 
of  a  galvanic  action.  Thus,  Faraday  observed,  that  an  alloy  of  steel  with 
100th  of  its  weight  of  platinum  was  dissolved  with  effervescence  in  dilute 
sulphuric  acid,  which  was  so  weak  that  it  scarcely  acted  on  common  steel ; 
an  eflfect  which  he  ascribes  to  the  steel  in  the  alloy  being  rendered  positive 
by  the  preseuce  of  the  platinum.  De  la  Rive  has  noticed  a  similar  instance  in 
commercial  zinc,  the  oxidability  of  which  is  increased  by  the  presence  of 
small  quantities  of  iron.  In  these  cases,  however,  the  effect  is  due  rather 
to  one  metal  being  mechanically  enveloped  in  another  than  to  actual  combi- 
nation. 

AMALGAMS. 

Quicksilver  unites  with  potassium  when  agitated  in  a  glass  tube  with  that 
metal,  forming  a  solid  amal^pim.  When  the  amalgam  is  pot  into  water,  the 
potassium  is  gradually  oxidized,  hydrogen  gas  is  disengaged,  snd  the  mer- 
cury resumes  its  ir<|uid  form.  A  similar  compound  may  be  obtained  with 
sodium.  Those  amalgams  may  also  be  procured  by  placing  the  negative 
wire  in  contact  with  a  globule  of  mercury  during  the  process  of  decomposing 
potassa  and  soda  by  galvanism. 

A  solid  amalgam  of  tin  is  employed  in  making  looking-glasses;  and  an 
amalgam  made  of  one  part  of  lead,  one  of  tin,  two  of  bismuth,  and  four  parts 
of  mercuiy,  is  used  for  silvering  the  inside  of  hollow  glass  globes.  This 
amalgam  is  solid  at  common  temperatures ;  but  it  is  fused  by  a  slight  degree 
of  heat. 

The  amalgam  of  zinc  and  tin,  used  for  promoting  the  action  of  the  elec- 
trical machine,  is  made  by  fusing  one  part  of  zinc  with  one  of  tin,  and  then 
agitating  the  liquid  mass  with  two  parts  of  hot  mercury  placed  in  a  wooden 
box.  Mercury  evinces  little  disposition  to  unite  with  iron,  and  on  this  account, 
it  is  usually  preserved  in  iron  bottles. 

The  amalgam  of  sHver,  as  already  mentioned,  is  a  mineral  production. 
The  proeess  of  separating  silver  from  its  ores  by  amalgamation,  practised 
on  a  large  scale  at  Freyberg  in  Germany,  is  founded  on  the  affinity  of 
mercury  for  silver.  On  exposing  the  amiUgam  to  heat,  the  quicksilver  is 
volatilized,  and  pure  silver  remains. 

Gold  unites  with  remarkable  facility  with  mercury,  forming  a  whitcu 
coloured  compound.  An  amalgam  composed  of  one  part  of  gold  and  eight 
of  mercury  is  employed  in  gilding  brass.  The  brass,  after  being  rubbed  with 
nitrate  of  oxide  of  mercury  in  order  to  e'tve  it  a  thin  film  of  quicksilver,  is 
covered  witli  the  amalgam  of  gold,  and  then  exposed  to  heat  for  the  purpose 
of  expelling  the  mercury. 

ALLOYS  OF  AllSENIC. 

Arsenic  has  a  tendency  to  render  the  metals  with  whicli  it  is  alloyed, 
both  brittle  and  fusible.  It  has  the  property  of  destroying  the  colour  of  gold 
and  copper.  An  alloy  of  copper,  with  a  tenth  part  of  arsenic,  is  so  very 
similar  in  appearance  to  silver,  that  it  has  been  substituted  for  it  The 
whiteness  of  this  alloy  affords  a  rough  mode  of  testing  for  arsenic ;  for  if 
arsenious  acid  and  charcoal  be  heated  between  two  plates  of  copper,  a  white 
stain  afterwards  appears  upon  its  surface,  owing  to  the  fbrmation  of  an 
arseniuret  of  copper. 

The  presence  of  arsenic  in  iron  has  a  very  pernicious  effect ;  for  even 
though  in  small  proportion,  it  renders  the  iron  brittle,  especially  when 
heated. 

The  alloy  of  tin  and  arsenic  is  employed  for  forming  arseniuretied  hy. 
drogen  gas  by  the  action  of  hydrochloric  acid.    The  tin  of  commerce  i 
times  contains  a  minute  quantity  of  this  alloy. 
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An  dOoy  of  iikkttniim  with  ten  puts  of  anenic  ii  fiutbfe  at  a  heat  a  fittfe 
•bove  TodneM,  and  may,  therefore,  be  cast  in  moulda.  On  ezpoein^  the  alloy 
to  a  grraduallj  increaeinff  temperatare  in  open  ▼eesela,  the  arsenic  u  oiidiied 
and  ezpellod,  and  the  platintmi  recovers  its  purity  and  infusibiiity. 

ALLOYS  OF  TIN,  LEAD,  ANTIMONY,  AND  BISMUTH. 

Tin  and  lead  unite  readily  when  fused  together,  constituting  solder,'  of 
which  two  kinds  are  distinguished.  The  alloy  called  Jine  solder  consists  of 
two  parts  of  tin  and  one  of  lead,  fuses  at  about  360^,  and  is  much  employed 
in  tinning  copper.  The  coarse  solder  contains  l-4th  of  tin,  fuses  at  alwut 
500^,  and  is  the  sabstance  used  for  soldering  by  glaziers. ,  Thus,  by  varying 
the  relative  quantity  of  the  metals,  a  solder  of  different  fusibility  may  be 
obtained.  The  process  of  hard  soldering  or  hraxing^  by  which  two  surmcoa 
of  copper  are  cemented  together,  is  done  with  hard  solder,  which  is  made 
by  fusing  together  brass  and  zinc:  the  copper  requires  to  be  heated,  when  this 
solder  is  used,  to  near  its  point  of  fusion. 

It  has  been  observed  by  Kupfer  that  most  of  tho  alhifs  of  tin  and  lead, 
made  in  atomic  proportion,  have  a  specific  gravity  less  than  their  calculated 
d^isity;  from  which  it  is  manifest  that  they  expand  in  uniting.  The 
mmalgams  of  lead  and  tin,  on  the  contrary,  occupy  less  space,  when  combined, 
than  their  elements  did  previously. 

Tin,  alloyed  with  small  quantities  of  antimony,  copper,  and  bismuth,  forms 
the  best  kind  of  pewter.    Inferior  sorts  contain  a  large  proportion  of  lead. 

Tin,  lead,  and  bismuth  form  an  alloy  which  is  fused  at  a  temperature 
below  UIQP.  The  best  proportion,  according  to  D*Arcet,  is  8  parts  of  bis- 
muth,  5  of  lead,  and  3  of  tin. 

An  alloy  of  three  parts  of  lead  to  one  of  antimony  constitutes  the  subetance 
of  which  types  for  printing  are  made. 

A  native  alloy  of  antimony  and  nickel,  found  at  Andreaaberg  in  the  Han, 
was  found  by  Stromeyer  to  consist  of  29.5  parts  or  one  eq.  of  nickel,  and 
64.6  parts  or  one  eq.  of  antimony. 

ALLOYS  OF  COPPER. 

Copper  forms  with  tin  several  valuable  alloys,  which  are  characterized  by 
their  sonorousness.  Bronze  is  an  alloy  of  copper  with  about  eight  or  ten 
per  cent  of  tin,  together  with  small  quantities  of  other  metals  which  are  not 
essential  to  the  compound.  Cannons  are  cast  with  an  alloy  of  a  similar 
kind. 

The  best  bull-metal  is  composed  of  80  parts  of  copper  and  20  of  tin ; — ^the 
Indian  gong,  celebrated  for  the  richness  of  its  tones,  contains  copper  and  tin  in 
this  proportion:  A  specimen  of  English  belUmcf  al  was  found  by  Dr.  Thomson 
to  consist  of  80  parts  of  copper,  10.1  of  tin,  5.6  of  zinc,  and  4.3  of  l^d. 
Lead  and  antimony,  though  in  small  quantity,  have  a  remarkable  effect  In 
diminishing  the  elasticity  and  sonorousness  of  the  compound.  Speeulttm" 
metal,  with  which  mirrors  for  telescopes  are  made,  consists  of  about  two 
parts  of  copper  and  one  of  tin.  The  whiteness  of  the  alloy  is  improved  by 
the  addition  of  a  little  arsenic. 

Copper  and  zinc  unite  in  several  proportions,  forming  alloys  of  great  im- 
portance in  the  arts.  The  best  brass  consists  of  four  parts  of  copper  to  one 
of  zinc ;  and  when  the  latter  is  in  a  greater  proportion,  compounds  are  gene- 
rated which  are  called  tombac,  Duteh-gold,  and  pinchbeck.  The  tDhite  copper 
of  the  Chinese  is  composed,  according  to  the  analysis  of  Dr.  Fyfc,  of  40.4 
parU  of  copper,  25.4  of  zinc,  31 .6  of  nickel,  and  2.6  of  iron. 

The  art  of  tinning  copper  consists  in  covering  tliat  metal  with  a  thin 
layer  of  tin,  in  order  to  protect  its  surface  from  rusting.  For  this  purpose, 
pieces  of  tin  are  placed  upon  a  well  polished  sheet  of  copper,  which  is  heated 
sufl^ently  for  fusing  the  tin.  As  soon  as  the  tin  liquefies,  it  is  rubbed  over 
the  whole  sheet  of  copper,  and,  if  the  process  is  skilfully  conducted,  adheres 
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unifermly  to  iU  rar&ce.  The  ozidatian  of  the  tin,  a  circamttance  which 
would  entirely  prevent  the  sucoeM  of  the  operation,  is  avoided  by  employing^ 
iracrmonta  of  resin  or  muriate  of  ammonia,  and  regulating  the  temperalore 
with  great  care.  The  two  metals  do  not  actually  combine ;  but  the  adhesioa 
is  certainly  owing  to  their  mutual  affinity.  Iron,  which  has  a  weaker  at^ 
traction  than  copper  for  tin,  is  tinned  with  more  difficulty  than  that  metaL 

ALLOYS  OF  STEEL. 

Messrs.  Stodart  and  Faraday  have  succeeded  in  making  some  very  impor- 
tant  alloys  of  steel  with  other  metals.  (Pbilos.  Trans,  for  1822.)  Their  ex- 
periments  induced  them  to  believe  that  the  celebrated  Indian  steel,  called 
wootXf  is  an  alloy  of  steel  with  small  quantities  of  silicium  and  aluminium ; 
and  they  succeeded  in  preparing  a  similar  compound,  possessed  of  all  the 
properties  of  wootz.  They  ascertained  that  silver  combines  with  steel, 
forming  an  alloy,  which,  although  it  contains  onl^  1.500th  of  its  weight  of 
silver,  is  superior  to  wootz  or  the  best  cast  steel  in  hardness.  The  alloy  of 
steel  with  100th  part  of  platinum,  though  less  hard  than  that  with  silver,  pos- 
sesses a  greater  degree  of  toughness,  and  is,  therefore,  highly  valuable  when 
tenacity  as  well  as  hardness  is  required.  The  alloy  of  steel  with  rhodium 
even  exceeds  the  two  former  in  hardness.  The  compound  of  steel  with  pal- 
ladlum,  and  of  steel  with  iridium  and  osmium,  is  likewise  exceedingly  hard; 
but  these  alloys  cannot  be  employed  extensively,  owing  to  the  rarity  of  the 
metals  of  which  they  are  composed. 

ALLOYS  OF  SILVER. 

Silver  is  capable  of  uniting  with  moet  other  metals,  and  suffers  gfreatiy  in 
malleability  and  ductility  by  their  presence.  It  may  contain  a  large  quantity 
of  copper  without  losing  its  white  colour.  The  standard  silver  for  coinage 
contains  about  I-I3th  part  of  copper,  which  increases  its  hardness,  and  thw 
renders  it  mora  fit  for  coins  and  many  other  purposes. 

ALLOYS  OF  GOLD. 

The  presence  of  other  metals  in  gold  has  a  remarkable  effiK^t  in  impairing 
its  malleability  and  ductility.  The  metals  which  possess  this  property  in 
the  greatest  degree  are  bismuth,  lead,  ontimony,  anid  arsenic.  Thus,  when 
gold  is  alloyed  with  1.1920th  part  of  its  weight  of  lead,  its  malleability  is 
surprisingly  diminished.  A  very  small  portion  of  copper  has  an  Influence 
over  the  colour  of  ^old,  communicating  to  it  a  red  tint,  which  becomes 
deeper  as  the  quantity  of  copper  increases.  Pure  gold,  being  too  soft  for 
coinage  and  many  purposes  in  the  arts,  is  always  alloyed  either  with  copper 
or  an  alloy  of  copper  and  silver,  which  increases  the  hardness  of  the  gold 
without  materially  affecting  its  colour  or  tenacity.  Gold  coins  contain  about 
1.12th  of  copper. 

Nearly  all  the  gold  found  in  nature  is  alloyed  more  or  less  with  silver.  In 
a  late  elaborate  investigation  into  the  constituents  of  the  Uralian  ores  of 
gold,  G.  Rose  fouhd  one  specimen  with  0.16  per  cent  of  silver,  and  another 
with  38.38  per  cent ;  but  most  of  the  specimens  contained  8  or  9  per  cent  of 
silver.  It  has  been  maintained  that  the  native  alloys  of  gold  and  silver  are 
usually  in  atomic  proportion.  This  statement,  however,  has  been  amply  dis. 
proved  by  G.  Rose  :  these  metals  appear  to  be  isomorphous,  and  hence,  like 
other  isomorphous  bodies,  they  crystallize  with  ca6h  other  in  proportions 
altogether  indefinite.    (Pog.  Annalen,  xxiii.  161.) 
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GENERAL  REMARKS  ON  SALTS. 

TttS  precedingr  pagfes  contain  the  description  either  of  elementarv  princi* 
pies,  or  of  compounds  immediatelj  resalting  from  the  onion  of  those  ele- 
ments.   These  compounds  are  chiefly  hi-elementarjr,  that  is,  arise  from  the 
Union  of  two  elements;  and  in  those  which  violate  the  rule,  sach  as  hydro- 
cyanic acid  and  salphocyanuret  of  potassium,  the  bi-clementary  character  u 
still  conspicuous:  hydrocyanic  acid  does  not  consist  of  carbon,  nitrogen,  and 
hydrogen,  nor  salphocyanuret  of  potassium  of  its  elements,  indiscriminately 
combined ;  but  the  cyanogen  and  sulphuret  of  cyanogen  assume  tlie  functions 
of  elements,  and  combine  as  such  with  the  hydrogen  and  potassium.    The 
affinities  of  carbon,  nitrogen,  and  sulphur  for  hydrogen  and  potassium  ap- 
pear in  these  combinations  to  bo  wholly  dormant,  and  in  nowise  to  contri- 
bute to  the  formation  of  the  sulphocyanurct  of  potassium  and  hydrocyanic 
acid.    The  constituents  of  all  these  compounds  are  regarded,  accordinsr  to 
the  electro-chemical  theory,  as  possessing  opposite  electric  energies,  and  as 
combined  by  virtue  of  such  energies ;  and  the  names  applied  to  them  are 
partly  constructed  in  reference  to  this  theory.  Thus  in  compounds  of  oxygen 
and  chlorine,  chlorine  and  iodine,  sulphur  and  potassium,  the  term  expressive 
of  the  genus  or  class  of  bodies  to  which  each  compound  belongs,  is  derived 
fronxthe  electro-negative  element ;  so  that  we  do  not  say  chloride  of  oxygen, 
iodide  of  chlorine,  and  potassiuret  of  sulphur,  but  oxide  of  chlorine,  chloride 
iodine,  and  of  sulphuret  of  potassium ;  because  oxygen  has  a  higher  electro- 
negative energy  than  chlorine,  chlorine  than  iodine,  and  sulphur  than  po- 
tassium.   The  metals  as  a  class  are  electro-positive  to  the  non-metallio 
elements ;  but  in  relation  to  each  other  some  of  the  metals  are  electro-posi- 
tive, and  others  electro-negative.  To  the  former  belong  those  metals,  the  ox- 
ides of  which  are  strong  alkaline  bases,  such  as  potassium,  sodium,  and 
calcium  ;  and  among  the  latter  are  enumerated  those,  such  as  arsenic,  an- 
timony, and  molybdenum,  which  are  prone  to  form  acids  when  they  unite 
with  oxygen. 

Some  of  the  bi-elementary  compounds  above  referred  to,  though  composed 
of  very  energetic  elements,  are  themselves  chemically  indifferent,  manifest- 
ing little  disposition  to  unite  with  any  other  body  whatever ;  of  which  the 
peroxides  of  manganese  and  lead,  and  some  of  the  chlorides  are  examples. 
Others,  on  the  contrary,  are  surprisingly  energetic  in  their  chemical  relations, 
and  have  an  extensive  range  of  affinity.  The  most  remarkable  instances  of 
this  are  found  among  those  oxidized  bodies  culled  acids  and  alkalies,  the 
characters  of  which  Sxed  the  attention  of  chemists  long  before  their  compo- 
sition  was  understood.  The  acids  and  alkalies,  however,  are  indifferent  to 
elementary  substances:  their  affinities  are  exerted  towards  each  other,  and 
by  uniting  they  give  rise  to  compounds  more  complex  than  themselves,  as 
containing  at  least  three  elements,  and  which  are  knewn  by  the  name  of 
salts.  Acids  and  alkalies  possess  opposite  electric  energies  in  relation  to 
each  other,  the  former  being  negative,  and  the  latter  positive.  The  electric 
energies  evinced  by  them  are  related  to  the  electric  energies  of  their  elements. 
Thus  acids  generally  abound  in  the  electro-negative  oxygen,  and  if  they 
contain  a  metal,  it  is  usually  an  electro-negative  metal ;  wnereas  the  power- 
ful alkalies  are  the  protoxides  of  electro-positive  metals. 

Acids  and  alkalies  neutralize  each  other  more  or  less  completely,  so  that 
the  resulting  salt  is  generally  neither  acid  nor  alkaline,  and  is  far  less  ener- 
getic  as  a  chemical  agent  than  acids  and  alkalie^  Most  of  them,  however, 
unite  in  definite  proportion  with  certain  substances,  such  as  water,  alcohol, 
ammonia,  and  with  other  salU,  forming  the  extensive  family  of  double  salts. 
To  these  compounds  the  electro-chemical  theory  may  be  extended :  the  two 
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•imple  salts  which  oonstitnte  a  doable  salt,  may  be  viewed  as  two  mokcnle* 
united  by  ▼irtue  of  electric  energies  of  an  opposite  character. 

In  the  early  period  of  modern  ciiemistrr,  an  acid  was  considered  to  be  an 
oxidized  body  which  has  a  sour  taste,  reddens  litmus  paper,  and  neutralises 
alkaUes.  But  subsequent  experience  has  shown  the  propriety  of  extending 
the  definition  of  an  add.  For,  first,  the  discovery  of  the  hydracids  proved 
that  oxygen  is  not  essential  to  acidity.  Secondly,  some  compounds,  owin^g 
to  their  insolubility,  neither  taste  sour  nor  redden  litmus,  and  yet  from  their 
,  chemical  relations  are  regarded  as  acids.  Thirdly,  some  acknowledged  acids, 
such  as  the  carbonic  and  hydrosulphuric,  are  unable  fully  to  d^troy  the 
alkaline  reaction  of  potassa.  Facts  of  this  kind  have  induced  chemists  to 
consider  as  acids  all  those  compounds  which  unite  with  potassa  or  ammonia, 
and  give  rise  to  bodies  similar  in  their  constitution  and  general  character  to 
the  nits  which  the  sulphuric  or  some  admitted  acid  forms  with  those  alka. 
lies. 

A  similar  extension  is  given  to  the  notion  of  alkalinity,  the  characters  oT 
which,  as  exhibited  in  meir  most  perfect  form  in  potassa  and  soda,  are 
causticity,  a  peculiar  pungent  alkaline  taste,  alkaline  reaction  with  test  paper, 
and  power  both  of  neutralizing  acids  and  of  forming  with  them  neutral 
saline  compounds.  Of  these,  cbemijits  agree  to  consider  the  last  as  the  most 
characteristic,  and  place  among  the  alkaline  or  $alifiable  hase9  all  thoee 
bodies  which  unite  oefinitely  with  admitted  acids,  such  as  tho  sulphuric  and 
nitric,  and  form  with  them  compounds  analogous  in  constitution  to  the  salts 
which  admitted  alkalies  form  with  the  acids.  Thus,  magnesia  is  a  very 
strong  alkaline  base,  seeing  that  20.7  parts  of  it  neutralize  as  much  sulphuric 
acid  as  47.15  of  potassa  ;  and  yet  magnesia,  fi'om  being  insoluble,  is  all  but 
tasteless,  and  has  barely  any  alkaline  reaction. 

The  progress  of  chemistry,  which  has  gradually  developed  sounder  views 
of  the  nature  of  acids  and  alkalies,  is  also  causing  an  extension  in  the  idea 
of  a  salt  The  great  mass  of  tho  salts  are  compounds  of  oxidized  bodies, 
both  the  acid  ana  the  base  containing  oxygen,  fiut  ammonia,  though  not 
an  oxide,  has  all  the  characters  of  cnkalinity  in  an  eminent  degree,  and  its 
compounds  with  -acids  were  at  once  admitted  into  the  list  of  salts.  Then 
came  the  discovery  of  the  hydracids,  such  as  the  hydrochloric  and  hydriodic, 
which  are  so  powerfully  acid,  that  their  compounds  with  alkaline  bases  were 
readily  adopted  as  salts.  Hence  arose  tlie  division  of  the  salts  as  a  class 
into  two  orders,  one  containing  oxygen  or  ozy-salta  and  the  other  hydrogen 
or  hydro^alts.  Again,  the  gaseous  terfluoride  of  boron,  which  contains 
neither  oxygen  nor  hydrogen,  combines  definitely  with  amOionia,  and  fbrms 
with  it  a  neutral  compound,  which  was  esteemed  a  salt  as  soon  as  it  was 
known. 

The  notion  of  a  salt  has  of  late  been  still  further  extended.  Chemists 
have  long  known  that  metallic  sulphurets  occasionally  combine  to£ether, 
and  constitute  what  is  called  a  double  sulphuret.  In  these  compounds  Ber- 
zelins,  whose  labours  have  greatly  added  to  their  number,  has  traced  an  ex- 
act analogy  witli  the  salts,  and  applied  to  them  the  name  of  suhhur'SalU, 
The  simple  sulphurets,  by  the  union  of  which  a  sulphur-salt  is  formed,  are 
bi-elementary  compounds,  strictly  analogous  in  tlieir  constitution  to  acids 
and  alkaline  bases,  and  which  like  them  are  capable  of  assuming  opposite 
electric  energies  in  relation  to  each  other.  Electro-positive  sulphurets,  term- 
ed 9ulphur-ba9es,  are  usually  the  protosolphurets  of  electro-positive  metals, 
and,  therefore,  correspond  to  the  alkaline  bases  of  those  metals ;  and  the  elec- 
tro-negative  sulphurets,  sulpkur-acidB^  are  tho  sulphurets  of  electro-negative 
metals,  and  are  proportional  in  composition  to  the  acids  which  the  same 
metals  form  with  oxygen.  Hence,  if  the  sulphur  of  a  sulphur-salt  were  re- 
placed by  an  equivalent  quantity  of  oxygen,  an  oxy-salt  would  result  (An. 
de  Ch.  et  de  Ph.  xxxii.  60.) 

The  compounds  whicb  Berzellus  has  enumerated  as  sulphur-acids,  are 
the  sulphurets  of  arsenic,  antimony,  tungsten,  molvbdenum,  tellurium,  tin, 
snd  gold:    To  these  he  has  added  the  sulphurets  of'^sevcral  other  substanoes 
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not  metallie,  inoh  u  ralpharet  of  selenium,  bisulphuret  of  carbon,  and  the 
hydfosnlphorio  and  hydroaulphocyanic  acids.  He  mentions,  also,  that  just 
as  two  electro'positive  oxides  may  combine,  one  beoomin^  electro-negative 
in  regard  to  toe  other,  so  may  a  sulphur-salt  be  generated  by  the  union  of 
eleefaro^positive  snlphurets.  The  native  double  sulphuret  of  copper  and  iron, 
and  a  considerable  number  of  similar  compounds  are  instances  oif  this  nature. 
These  analogies  are  rendered  much  closer  by  the  facts  that  hydroeulphuric 
and  hjdrosulphocyanic  acids  act  as  hydracids  with  ammonia,  and  as  sul- 
]Aar.acids  with  sulphur  bases,  and  that  all  the  sulphuretB  which  arc 
remarkable  as  ntlphur-acidt  have  likewise  the  property  of  combining  with 
ammonia.  I  shall  accordingly  place  the  double  sulpburets  as  a  third  order 
of  the  class  of  salts,  and  describe  them  under  the  name  of  sulphur-salts. 

A  fourth  order  of  salts  has  been  formed  by  Berzelius,  comprising  for  the 
most  part  bi-elementar^  compounds,  which  consist  of  a  meUd  on  the  one 
hand,  and  of  chlorine,  iodine,  bromine,  fluorine,  and  the  radicals  of  the  hy- 
dracids on  the  other.  He  has  applied  to  them  the  name  of  kaloitUsaU$  (from 
ixe  sea-salt,  and  il/oc  form),  because  in  constitution  they  are  analogous  to 
sea-salt  The  whole  series  of  the  metallic  chlorides,  iodides,  bromides,  and 
fluorides,  such  as  chloride  of  sodium,  iodide  of  potassium,  and  fluor  spar,  as 
well  as  the  cyanurets,  sulphocyannrets,  and  ferrocyanurets,  arc  included  in 
his  list  of  haloid^alts.  (An.  de  Ch.  et  de  Ph.  xxxii.  60.)  The  reader  will  at 
ooce  perceive  that  these  haloid-salts,  as  bi-elcmentary  compounds,  differ  in 
eomposition  from  other  salts,  and  are  analogous  to  oxides  and  sulphuretB. 
This  resemblance  will  appear"  still  more  intimate,  if  he  turn  to  the  tables  of 
composition  nven  in  the  sections  on  the  metals ;  where  the  number  and  con- 
stitution of  Ube  chlorides  and  iodides  are  shown  to  be  strikingly  similar  to 
the  number  and  constitution  of  the  oxides  and  snlphurets.  But  Berzelius, 
Aough  he  has  himself  traced  and  fiill^  admits  these  analogies,  considers  his 
haloid-salts  to  differ  so  much  in  their  chemical  relations  from  oxides  and 
sulpburets,  that  they  ought  not  to  stand  in  the  same  class  of  compounds. 
Soda,  for  instance,  is  caustic,  strongly  alkalim^  and  endowed  with  powerful 
affinities ;  while  chloride  of  sodium  is  a  neutral  substance,  of  a  taste  and 
appearance  precisely  like  ordinary  salts,  and  indifferent  in  its  chemical  ' 
relations.  The  difference  is  here  certainly  very  striking ;  but  on  extending 
the  comparison  to  other  oxides  and  chlorides,  the  resalt  is  by  no  means  the 
same.  Sorely  the  terchloride  of  gold  is  at  least  as  energetic  an  agent  as  the 
peroxide,  and  the  bichloride  of  platinum  as  the  corresponding  oxide.  The 
bichloride  and  bicyanuret  of  mercury  are  more  energetic  as  chemical 
agents  than  bisnlpnuret  of  mercury,  and  perhaps  folly  as  much  so  as  the 
bmoxide.  Chemists  are  only  beginning  to  be  acquainted  with  the  numerous 
compounds  which  metallic  cvanurets  are  capableof  forming  with  each  other. 
If  the  difference  between  all  oxides  and  chlorides  were  as  strong  as  between 
soda  and  sea-salt,  chemists  would  have  to  consider  whether  they  should 
adopt  as  a  principle  of  classification  analogy  of  composition  or  of  character. 
But  as  the  case  now  stands  they  are  scarcely  left  to  this  alternative.  In 
point  of  composition  the  chlorides  are  as  remote  from  salts  as  they  are  allied 
to  oxides;  and  in  their  cbemic»il  agencies,  the  haloid-salts  of*^  Berzelius, 
taken  collectively,  appear  to  me  to  be  as  closely  related  to  oxides  and  sulphurets 
as  to  salts.  It  seems  then  fair  to  conclude  that  the  chlorides  and  similar 
bi-elementary  compounds  stand  to  each  other  in  the  relation  of  acids  and 
bases,  being  capable  of  assuming  opposite  electric  energies,  and  of  forming 
compounds  analogous  to  salts.  I  shall  describe  them  as  a  fourth  order  of 
salts  under  the  name  of  haloid-salts ;  because  the  elcctro-positive  and  electro- 
negative compounds  which  form  them,  the  haloid  baae$  and  acids  have  the 
»ame  kind  of  eomponiion  at  $m-^aU.  The  haloid-salts  of  Berzelius  arc  mv 
haloid  acids  and  bases,  and  what  I  term  a  haloid^udt  is  a  double  haloid-sall 
to  Berzelius.  The  doctrine  here  adopted  was  first  proposed  and  ably  illus- 
tmted  by  Bonsdorffl*  (An.  de  Ch.  et  de  Ph.  xliv.  189.) 

*  This  same  doctrme  was  proposed  and  ably  supported  by  Dr.  Hare,  in  a 
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Contiitenti/  with  the  Tiews  developed  in  the  preoeding  ps^es,  I  haw 
grouped  together  all  saline  compoondi  which  have  a  certain  similarity  of 
composition  into  one  great  class  of  9aU$^  which  is  divided  into  the  four 
fbllowiog  orders : — 

Order  I.  The  oz^-salts.  This  order  includes  no  salt  the  acid  or  base  of 
which  is  not  an  oxidized  body. 

Order  II.  The  hydro-salts.  This  order  includes  no  salt  the  add  or  base 
of  which  does  not  contain  hydrogen. 

Order  III.  The  sulphur-salts.  This  order  includes  no  salt  the  electro- 
positive  or  negative  in^rredient  of  which  is  not  a  sulphuret 

Order  IV.  The  haloid-salts.  This  order  includes  no  salt  the  electro-posi^ 
tive  or  negative  ingredient  of  which  is  not  haloidaL 

The  nomenclature  of  the  first  order  of  salts  was  explained  on  a  former 
occasion  (page  123).  The  insufficiency  of  the  division  into  neutral^  ^HP*^* 
and  stii-salta  will  be  made  apparent  by  the  f<^owing  remarks.  In  the  nrst 
place,  some  alkaline  bases  form  more  than  one  super-«alt,  in  which  caae  two 
or  more  difieront  salts  would  bo  included  under  the  same  name.  Secondly, 
•ome  salts  have  an  acid  reaction,  and  might,  therefore,  be  denominated 
super-salts,  although  they  do  not  contain  an  excess  of  acid.  Nitrate  of  oxide 
of  lead,  for  instance,  has  the  property  of  reddening  litmus  paper;  wfaereae  it 
consists  of  one  equivalent  of  oxide  of  lead  and  one  equivalent  of  nitric  acid, 
and,  therefore,  in  composition  is  precisely  analogous  to  nitrate  of  potaaea, 
which  is  a  neutral  salt  This  fact  was  noticed  some  years  ago  by  Beneliua, 
who  accounted  for  thb  circumstance  in  the  following  manner.  The  colour 
of  litmus  is  naturally  red,  and  it  is  only  rendered  blue  by  the  colouring 
matter  combining  with  an  alkali.  If  an  acid  be  added  to  the  blue  com- 
pound, the  colouring  matter  is  deprived  of  its  alkali,  and  thus,  bein^  set  free, 
resumes  its  red  tint  Now  on  bringing  litmus  paper  in  contact  with  a  salt, 
the  acid  and  base  of  which  have  a  weak  attraction  for  each  other,  it  is  pos- 
sible^ that  the  alkali  contained  in  the  litmus  paper  may  have  a  stronger 
affinity  for  the  acid  of  tlie  salt  tlian  the  base  has  with  which  it  was  combined ; 
and  in  that  case  the  alkali  of  the  litmus  being  neutralized,  its  red  colour  will 
necessarily  be  restored.  It  is  hence  apparent  that  a  salt  may  have  an  acid 
reaction  without  having  an  excess  of  acid. 

The  nomenclature  of  the  hydro-salts  is  framed  on  the  same  principle  aa  that 
applied  to  the  salts  which  contain  oxygen.  With  respect  to  the  third  and  fourth 
order  of  salts  no  general  principle  of  nomenclature  has  yet  been  agreed  on. 
Berzelius  has  extended  to  them  the  same  nomenclature  which  he  employs 
for  the  oxy-salts,  and  some  chemists  seem  disposed  to  follow  his  example ; 
but  as  new  views  are  apt  to  be  obscured,  and  their  intrinsic  value  overlooked, 
by  being  expressed  in  new  language,  I  shall  confine  myself  as  much  as 
possible  to  terms  with  which  every  chemist  is  familiar.  It  is  worthy  of 
consideration  whether  the  nomenclature  of  the  sulphur  and  haloid  salts, 
instead  of  being  purposely  assimilated  to  that  of  the  other  salts,  should  not 
designedly  be  kept  distinct,  in  order  the  more  readily  to  distinguish  between 
analogous  compounds. 

Nearly  all  salts  are  solid  at  common  temperatures,  and  most  of  them  are 
capable  of  crystallizing.  The  colour  of  salts  is  very  variable,  having  no 
necessary  connexion  with  the  colour  of  their  elements.  Salts  composed  <^ 
a  colourless^  acid  and  base  are  colourless ;  but  a  salt,  though  fi>rmed  of  a 
coloured  oxide  or  acid,  may  be  colourless ;  or,  if  coloured,  tlie  tint  may 
differ  from  that  of  both  of  its  constituents. 

All  soluble  salts  are  more  or  less  sapid,  while  those  that  are  insoluble  in 
water  are  insipid.  Few  salts  are  possessed  of  odour :  the  most  remarkable 
one  for  this  property  is  carbonate  of  ammonia. 


letter  on  the  Berzelian  nomenclature,  addressed  to  Professor  Silliman,  and 
dated  in  June,  1834.  Dr.  Hare  had  entertained  his  peculiar  views  for  some 
time  before  the  date  of  his  letter,  and  before  he  was  awaie  that  Boosdorff 
nad  held  slmiUir  opinions^— JE^i^. 
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8a](0  diflbr  remarkably  in  their  affinity  lor  water.  Thas  some  salts,  such 
as  the  nitrates  of  lime  and  masnesia,  are  deliquesceTU^  that  is,  attract  moia- 
tore  from  the  air,  and  become  Tiqaid.  Others,  which  have  a  less  powerful 
attraction  for  water,  undergo  no  change  when  the  air  is  dry,  but  become 
moist  in  a  humid  atmosphere ;  and  others  may  be  exposed  without  change 
to  an  atmosphere  loaded  with  watery  vapour. 

Salts  differ  likewise  in  the  degree  of  solability  in  water.  Some  dissolve 
in  less  than  their  weight  of  water ;  while  others  require  several  hundred  times 
their  weight  of  this  liquid  for  solution,  and  others  are  quite  insoluble.  This  dif> 
ftrence  depends  on  two  circum8tance8,namc1y,  on  their  affinity  for  water,  and 
on  their  cohesion:  their  solubility  being  in  direct  ratio  with  the  first,  and^^ 
in  inverse  ratio  with  the  second.  One  salt  may  have  a  greater  affinity  for 
water  than  another,  and  yet  be  less  soluble ;  an  effect  which  may  be  pro- 
duced by  the  cohesive  power  of  the  saH  which  has  the  stron^r  attraction 
for  water,  being  greater  than  that  of  the  salt  which  has  a  less  powerful 
affinity  for  that  liquid.  The  method  proposed  by  Gay.Lussac  for  estimating 
the  relative  degrees  of  affinity  of  salts  for  water  (An.  do  Ch.  Ixzzii.)  is  by 
dissolving  equal  <{uantities  of  salts  in  equal  quantities  of  water,  and  applying 
heat  to  the  solutions.  That  salt  which  has  the  greatest  affinity  for  the 
Menstruum  will  retain  it  with  most  force,  and  wiU,  therefore,  require  the 
fairest  temperature  for  boiling. 

Salts  which  are  soluble  in  water  crystallize  more  or  less  regularly  when 
their  solutions  are  evaporated.  If  the  evaporation  is  rendered  rapid  by  heat, 
the  salt  is  usually  deposited  in  a  confused  cryBtalline  mass ;  but  if  it  take 
]4ace  slowly,  regular  crystals  are  formed.  The  best  mode  of  conducting  the 
process  is  to  dissolve  a  salt  in  hot  water,  and  when  it  has  become  quite  cold, 
to  pour  the  saturated  solution  into  an  evaporating  basin,  which  is  to  be  set  aside 
ibr  several  days  or  weeks  without  being  moved.  As  the  water  evaporates,  Qie 
salt  assumes  the  solid  form ;  and  the  slower  the  evaporation,  the  more  regu- 
lar are  the  crystals.  Some  salts  which  are  much  more  soluble  in  hot  than 
in  cold  water,  crystallize  with  considerable  regularity  when  a  boiling 
saturated  solution  is  slowly  cooled.  The  form  which  salts  assume  in  crys- 
tallizing  is  constant  under  the  same  circumstances,  and  constitutes  an 
excellent  character  by  which  tiiey  may  bo  distinguished  from  one  another. 

Many  salts  during  the  act  of  crystallizing  unite  chemically  with  a 
definite  portion  of  water,  which  forms  an  essential  part  of  the  crystal,  and 
is  termed  uMter  o^  erystallizatum.  The  quantity  of  combined  water  is  very 
variable  in  diffi^rent  saline  bodies,  but  it  is  uniform  in  the  same  salt.  A  salt 
nay  contain  more  than  half  its  weight  of  water,  and  yet  be  quite  dry.  Ofi 
exposing  a  salt  of  this  kind  to  heat,  it  is  dissolved,  if  soluble,  in  its  own 
water  of  crystallization,  undergoing  what  is  termed  the  watery  fution.  By 
a  strong  heat,  the  whole  of  the  water  is  expelled ;  for  no  salt  can  retain  its 
water  of  crystallization  when  heated  to  redness.  Some  salts,  such  as  sulphate 
and  phosphate  of  soda,  lose  a  portion  of  their  water,  and  crumble  down  into 
a  wiiite  powder,  by  mere  exposure  to  the  air,  a  change  which  is  called 
effloreBcence.  The  tendency  of  sahs  to  undergo  this  change  depends  on  the 
dryness  and  coldness  of  the  air ;  for  a  salt  which  effloresces  rapidly  in  a 
moderately  dry  and  warm  atmosphere,  may  oflen  be  kept  without  change  ia 
one  which  is  damp  and  cold. 

Salts,  in  crystallizing,  frequently  enclose  mechanically  within  their  tex- 
ture particles  of  water,  by  the  expansion  of  which,  when  heated,  the  salt  is 
burst  with  a  crackling  noise  into  smaller  firagments.  This  phenomenon  is 
known  by  the  name  o£  decrepitation,  Berzclius  has  correctly  remarked  that 
those  crvstals  decrepitate  most  powerfully,  such  as  the  nitrates  of  baryta  and 
oxide  of'^lead,  which  contain  no  water  of  crystallization. 

The  atmospheric  pressure  is  said  to  have  considerable  influence  on  the 
crystallization  of  salts.  If,  for  example,  a  concentrated  solution,  composed 
of  about  three  parts  of  sulphate  of  soda  in  crystals  and  two  of  water,  is 
made  to  boil  briskly,  and  the  flask  which  contains  it  is  then  tightly  corked, 
while  its  upper  part  is  full  of  vapour,  the  solution  will  cool  down  to  the 
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temperature  of  the  tir  without  oryetaltistiig,  and  may  in  thai  atale  be  pnmred 
for  monthi  withoat  chan^  Before  removal  of  the  cork,  the  liquid  any 
often  be  briskly  agitated  without  kwng  its  fluidity;  but  on  readmitting  tbe 
air,  cryitallization  commonly  commences,  and  the  whole  beoomes  ao&d  in 
the  course  of  a  few  seconds.  The  admission  of  the  air  sometimes,  indeed, 
fails  in  causing  the  effect ;  but  it  may  be  produced  with  certainty  by  agita- 
tion or  the  introduction  of  a  solid  body.  The  theory  of  this  phenomeDon 
is  not  jrerj  apparent  Gay-Lussac  has  shown  that  it  does  not  depend  on 
atmospheric  pressure  (An.  de  Ch.  voL  Uzxvii.) ;  for  he  finds  that  the  solution 
may  bo  cooled  in  open  vessels  without  becoming  solid,  provided  its  sur&oe 
be  covered  with  a  film  of  oil ;  and  I  have  frequently  succeeded  in  the  sune 
experiment  without  the  use  of  oil,  by  causing  the  air  of  the  flask  to  com* 
municate  with  the  atmosphere  by  means  of  a  moderately  narrow  lube.  It 
appears  fi'om  some  experiments  of  Mr.  Graham  (Phil.  Trans.  Edin.  1838), 
that  the  influence  of  the  air  may  be  ascribed  to  its  uniting  chemically  with 
water ;  lor  he  has  proved  that  gases  which  are  more  freely  absorbed  than 
atmospheric  air,  act  more  rapidly  in  producing  crystallization.  Indeed  the 
rapidity  of  crystallization,  occasioned  by  the  contact  of  gaseous  matter, 
seems  proportional  to  the  degree  of  its  affinity  for  water. 

The  same  quantity  of  water  may  hold  several  diffbrent  salts  in  solution, 
provided  they  do  not  mutually  decompose  each  other.  The  solvent  power 
of  water  vritn  respect  to  one  salt  is,  indeed,  sometimes  increased  by  ibe 
presence  of  another,  owing  to  combination  taking  place  between  the  two 
salts. 

Most  salts  produce  cold  during  the  act  of  solution,  especially  when  they 
are  dissolved  rapidly  und  in  large  (quantity.  The  greatest  reduction  m 
temperature  b  occasioned  by  those  which  contain  water  of  crystallization. 

All  the  oxy-salts  are  decomposed  by  Voltaic  electricity,  provided  they  are 
either  moistened  or  in  solution.  The  acid  appears  at  the  positive  pole  of  the 
battery,  and  the  oxide  at  its  opposite  extremity;  or  if  the  oxide  is  of  easy  re- 
duction, the  metal  itself  goes  over  to  the  negative  side,  and  its  oxygen  accom- 
panies the  acid  to  the  positive  wire. 

The  hydro-salts,  and  doubtless  also  the  sulphur  and  haloid-salts,  are  sub- 
ject to  a  similar  change ;  but  the  phenomenon,  as  respects  the  two  last  orders 
of  salts,  has  been  little  examined. 


CRYSTALLIZATION. 

The  particles  of  liquid  and  gaseous  bodies,  during  the  formation  of  solids, 
sometimes  cohere  together  in  an  indiseriminate  manner,  and  give  rise  to 
irregular  shapeless  masses ;  but  more  frequently  they  attach  themselves  to 
each  other  in  a  certain  order,  so  as  to  constitute  solids  possessed  of  a  regn- 
larly  limited  form.  The  process  by  which  such  a  body  is  produced  is  caUed 
erywiaUhaium ;  the  solid  itself  is  termed  a  cryttal ;  and  the  science,  tbe  object 
of  which  is  to  study  the  fbrm  of  erystals,  is  eryataW^rrapkif. 

Most  bodies  orystalHze  under  favourable  circurostances.  The  condition 
by  which  the  process  is  peculiarly  favoured  is  the  slow  and  gradual  change 
of  a  fluid  into  a  soUd,  the  arrangement  of  the  particles  being  at  the  same 
time  undisturbed  by  motion.  This  is  exemplified  during  the  slow  cooling  of 
B  fused  mass  of  sulphur  or  bismuth,  or  the  spontaneous  evaporation  of  a 
saline  solution ;  and  the  origin  of  the  numerous  crystals,  which  are  fi>und  in 
the  mineral  kingdom,  may  be  ascribed  to  the  hifluence  of  the  same  cause. 

Crystallograpbert  have  observed  that  certain  crystalline  forms  are  peculiar 
to  certain  substances.  Thus,-  calcareous  spar  crystallizes  in  rhombohedrons, 
floor  spar  in  cubes,  and  quartz  in  six-sided  pyramids;  and  these  forms  are 
so  fkr  peeolisr  to  those  substances,  that  floor  spar  never  crystallises  in  ibom^. 
bohodrons  or  six-sided  pyramids,  no»  calcareous  spar  or  quKrtz  in  cabes« 
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Fig.  1. 


CrystalKne  form  may,  therefore,  serve  as  a  grround  of  distinction  between 
dinerent  substances.  It  is  accordingly  employed  by  mineralogists  for  dis- 
tinguishing one  mineral  species  from  another ;  and  it  is  very  serviceable  to 
the  chemist,  as  affording  a  physical  character  for  salts.  On  this  account 
I  have  thought  it  would  be  useful,  before  describing  the  individual  salts,  to 
introduce  a  fow  pages  on  crystallization  ;  but  from  the  great  extent  of  the 
sobiect,  which  now  constitutes  a  separate  science,  my  remarks  must  neces. 
sarily  be  limited,  and  comprehend  little  else  than  an  enumeration  of  the  pri- 
mary forms.  To  those  who  are  desirous  of  more  ample  information,  I  may 
recommend  JVIr.  Brooke's  "  Familiar  Introduction  to  Crystallography,"  the 
translation  of  Mohs's  Treatise  on  Mineralogy  by  Haidinger,  or  Mr. 
'  Whewell's  Essay  in  the  second  volume  of  the  PhUosophical  Transactions  of 
Cambridge. 

The  surfaces  which  limit  the  figure  of  crvstals  are 
called /i/anes  or /aces,  and  are  generally  flat  The 
lines  formed  by  the  junction  of  two  plane?  are  called 

tdgeg;  and  the  angle  formed  by  two  such  edges  is  /■ ;  ) 

ti plane  angle,    A  solid  angle  is  the  point  formed        ;/.,  A  .1  ._/'    '- 
by  the  meeting  of  at  least  three  planes.    Thus  in  '/   \  \      \ 

tlie  cube  or  hexahedron,  fig.  1,  aaa  are  planes,  hb  !     '       a      \  ^^  \ 

are  edges,  and  ec  solid  angles.    The  cube  it  is  ap-  I     '  ..  ^      ! 

parent  has  six  planes  or  faces,  twelve  edges,  and  ;-*'-- 1  -  >' 

eiflfht  solid  angles.   Each  of  the  fkces  has  four  angles,  ^  ■•[ jy- 

which  are  rectangular. 

The  forms  of  crystals  are  exceedingly  diversified.  They  are  divided  by 
crystalloeraphers  into  what  are  called  primUive,  primary,  aerivative,  or  fun- 
datnentor forms,  and  into  iecondary  or  derived  forms.  This  distinction  is 
founded  on  the  foot,  that  same  substance  frequently  assumes  different  crys. 
taUine  forms;  which,  however,  though  actually  different,  are  in  general 
geometrically  allied  to  each  other.  A  body,  for  instance,  whose  ordinary 
ngure  is  a  cube,  may  assume 
a  shape  represented  by  fig.  2, 
where  the  general  outline  is 
cubic,  but  the  solid  angles  are 
replaced  by  triangular  faces; 
just  as  if  the  crystal  had  been 
originally  a  perfoct  cube,  and 
its  eiffht  solid  angles  subse- 
quentJy  removed.  Instead  of 
the  solid  angles,  the  edges  of 
the  cube  may  be  wanting,  and 
a  new  form,  such  as  fig.  3,  be  produced.  If  the  new  planes  are  small,  the 
crystal  will  preserve  its  cubic  appearance ;  but  if  they  arc  larger,  the  outline 
of  the  cube  will  be  less  distinct ;  and  should  the  feces  of  the  original  cube 
wholly  disappear,  a  form  altogether  different  will  result  Secondary  crys- 
tals are  those  which  may  be  thus  deduced  by  the  substitution  of  planes  for 
the  edges  or  angles  of  some  primary  form ;  and  the  primary  or  fundamental 
form  is  that  from  which  the  former  are  derived.  The  replacement  is  com. 
monly  produced  by  a  tangent  plane,  by  which,  in  reference  to  the  edge  of 
a  crystal,  la  meant  a  plane  inclined  equally  to  the  two  adjacent  primary 
planes  and  parallel  to  the  edge  which  it  replaces.  In  allusion  to  a  solid 
angle,  a  tangent  plane  is  equally  inclined  on  all  the  primary  planes  of  which 
the  solid  angle  is  constituted. 

The  number  and  kind  of  primary  forms  are  stated  differently  by  different 
crystaliographers,  according  to  the  system  which  they  adopt ;  but  I  appre- 
hcnd  it  will  be  most  advantageous  to  the  chemical  student  to  be  acquainted 
with  those  enumerated  by  Mr.  Brooke  in  the  work  above  mentioned.  The;^- 
are  fiflcen  in  number. 
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1.  The  firai  ia  Um  hazahedraii  or  cube  of  geonetrifiuM*  a  fifore  bo«B 
by  lix  oqiuro  &06«.    All  the  anglM  of  ito  odgM  are  aIm  equal  to  90 
depeee.  (Pig.  1.) 

3.  The  tetrahedron,  a  regu- 
lar Bc4id  of  geometry,  ii  oon- 
taioed  under  four  equilateral 
trtaoglef,  and,  therefore,  all  its 
plane  anglet  are  equal  to  60 
degrees.  The  fiioee  incline  lo 
eaeh  other  at  the  edgea  at  an 
angle  ofTQo  31'  44''.  (Fig.  4.) 
'  3.  The  regular  octohedron 
is  contained  under  eight  equi- 
lateral  trtanglea,  fiff.  5,  and 
Oonaequently  allitapUneanglea 
are  equal  to  60  degrees.  The  baae  of  the  ootohedfon  hM  is  a  aquarei  and 
the  planea  incline  on  each  other  at  the  edgee  at  an  angle  of  IQIS^  ^  16". 
The  octohedron  is  a  regular  solid  of  geometry. 

4.  The  rhombic  dodeca-  pi^,  5,  pi».  7. 
hedron  (fig.  6.)  is  limited 
by  twelve  similar  rhombic 
fiuses,  the  plane  angles  of 
which  are  equal  to  109°        ,,  ,           -  ^v    -  %               v^,*  ^       ^ 

SS*  16"  and  70<5  31'  44".       /X       //\/l  /^^    -VL">t 

The  faces  incline  to  each      (^  ^^^//      W        ^^ 
other  at  the  edges  at  an 
angle  of  130°. 

5.  The  octohedron  with 
a  square  base,  fig.  7,  is  ^' 


bounded  by  eight  &oes  which  are  similar  isoeoeks  triangles.  The  baae 
6666  is  always  a  square,  and  this  is  the  only  part  of  the  figure  which  is 
constant 

6.  The  rectan^rular  octohe-  Fig.  a  Fig-9- 
dron,  fig.  8,  is  limited  by  ei^rht 
■osceles  triangles,  four  of  which 

are  different  from  the  other  four. 
The  base  6666  is  always  a  rect- 
angle;  but  the  ratio  of  its  two 
sides,  as  well  as  all  the  other 
dimensions  of  the  figure,  is 
variable. 

7.  The  rhombic  octobedroo, 
fig.  9,  ia  contained  under  eight  _ 
fiioes  which  are  similar  scalene  triangles,  and  the  baae  6666  is  a  rhomb. 
All  its  dimensions  are  variable. 


Fig.  10. 
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8.  The  right  square  prism, 
tiff.  10,  is  a  six-sided  figure, 
wnich  differs  from  the  cube 
only  in  its  four  lateral  planes 
eecc  being  rectangles.  The  ex- 
treme  or  terminal  planes  aa  are 
square.  The  term  right  denotes 
that  the  lateral  and  terminal 
planes  are  inclined  to  each  other  at  a  right  angle.    It  is  used  in  opposition 

o  obli^ue^  which  signifies  that  the  sides  are  not  perpendicular,  but  form  an 
oblique  an^e  with  the  terminal  planes. 

9.  The  right  rectangular  prism,  fig.  11,  differs  from  the  former  in  the 
erminal  planes  aa  being  rectangular  instead  of  square. 


Tig  11. 

/;    - 

/ 

1 

CL 

/ 

CBVflTALLISATIOll. 


4an 


F!gl3. 


Tig.  13. 


10.The  ^ 
fig.  13,  difieri  fiwai  the  two 
praoeding  fimtis  only  in  its  ter- 
minal planee  aa  being  rhombe. 

11.  The  right  rhomboidal 
pium,  ^%,  13,  di£Een  from  the 
pnoeding  form  in  the  terminal 
plains  00  being  rhomboids. 

Id.  In  the  oblique  rhombie 
prism  the  terminal  |danes  oo  are 
rbombio,  and  the  lateral  planes 
ibrm  an  obtiqoe  angle  with  them. 
(Fiff.  14.) 

13.  The  oUiqne  rhomboidal 
prism,  sometimes  ealled  the  doubly 
obllqae  prism,  hg.  15,  dififers  fitvn 
the  preoediog  wm  in  the  terminal 
planes  aa  bemg  rhomboids. 

14.  The  rhombohedroD,  fig. 
16,  is  bounded  by  six  rhombic 
ftoes,  which  are  exactly  of  the 
same  size  and  fimn. 

15.  The  r^^lar  hexagonal 
prism,  fig.  17,  is  boondM  by 
six  perpendicular  or  lateral, 
and  two  horixontBl  or  terminal 
planes,  which  are  at  right 
angles  to  the  former.  Like  the 
regular  hexagon  of  geometrr,  the  lateral  planes  incline  to  each  other  at  an 
angle  of  120  degrees.    If  these  angles  are  not  of  130  degrees,  the  prism  is 


Fig.  16. 


Fig.  17. 
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be  four  first  forms  are  geometrically  allied  to  each  other.  Thus,  if  the 
six  solid  an^es  of  the  regular  octohedron  are  replaced  by  tangent  planes,  as 
in  ^g.  18,  and  these  are  en- 
larged until  they  interMct  each 
other,  and  the  fiioes  of  the  octo- 
hedron disappear,  a  perfect 
cube  is  produced.  If  the  twelve 
edges  of  the  octohedron  are  re- 
placed  by  tangent  planes,  as  in 
figure  19,  and  these  are  ex- 
tended  tiU  they  mutaally  in- 
tersect, the  rhombic  dodecahe- 
dron will  be  formed.  The  cube  may  by  analogous  changes  be  converted 
into  the  octohedron,  tetrahedron,  and  rhombie  dodecahedron.  For  if  the 
eight  solid  angles  of  the  cube  be  replaced  by  equilateral  triangles,  (fig.  2.) 
and  these  are  enlarged  till  the  planes  of  the  original  cube,  are  destroved,  the 
octohedron  results.  The  tetahedron  may  be  formed  by  replacing  the  four 
solid  angles  ce  and  dd  of  the  cube  (fig.  1.)  by  tangent  planes,  so  Uiat  all  its 
original  faces  disappear.  By  replacing  the  twelve  -edges  of  the  cube  with 
tangent  planes  as  in  fig.  3,  until  the  new  faces  intersect  each  other,  the 
rhombic  dodecahedron  will  be  produced.  By  the  combination  of  the  planes 
of  (tififerent  primary  forms,  various  secondary  ones  are  created,  as  is  made 
obrious  by  the  figures,  and  will  be  rendered  still  clearer  by  making  the 
transitions  above  described  with  an  apple  or'  potato.  The  study  of  such 
allied  forms  is  very  important,  because  the  same  substance  often  occurs  in 
several  of  these  figures,  and  may  aasuifie  all  of  them. 

The  octohedron  with  a  aqaare  base  is  allied  to-  the  right  square  prism. 
Thus  if  in  fig.  7  two  tangent  phines  are  substituted  for  the  solid  angles  aa^ 
and  the  edges  of  the  base  are  replaced  by  faces  perpendicular  to  the  former, 
new  forms  will  result    If  the  faces  of  the  octohedron  disappear,  the  right 
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•qntro  priim  U  formed;  bat  if  tnon  of  them  remiiiH  weoomAaiy  feraag  in. 
termediate  between  the  two  primary  ones  will  be  produced. 

The  rectangular  and  rhombic  octohedrons  and  the  right  rectangular  and 
rhombic  priinu  are  aaiociated  with  each  other.  Tbua  on  refjaeing  the 
■olid  angles  oo,  and  the  four  ^dges  of  the  base  of  the  rectangular  octobedroo, 
by  tangent  planes,  andextending  them  till  the  planes  of  the  octohedron  dk. 
appear,  the  right  rectangular  prism  is  formed  ;  and  the  rhombic  octohedroa 
by  a  similar  change  is  converted  into  the  right  rhombic  prism.  By  apfdy- 
ing  tangvnt  planes  to  all  the  edges  of  the  rhombic  octohedron  except  thoee 
orthe  base,  the  rectangular  bctohedron  may  be  produced ;  and  by  a  rereised 
operation  the  latter  is  converted  into  the  former.  In  this  case  the  solid 
angles  of  the  rhombic  octohedron^  must  be  so  placed  as  to  bisect  the  edgea  of 
the  base  of  the  rectangular  octohedron. 

The  rhombohedroo  and  six-sided  or  hexagonal  prism  are  allied  to  each 
other.  If  tangent  planes  are  laid  on  the  two  solid  angles  aa  of  the  rhombo- 
bedyron,  (fig.  16,)  and  either  the  six  solid  lateral  angles  marked  i,  or  the 
edges  between  them,  are  replaced  by  equal  planes  perpendicular  to  the 
former,  a  six-sided  prism  results ;  and  the  six-sided  prism  may  be  reoon- 
verted  into  the  rhorobohedron  by  replacing  all  its  alternate  solid  anglea  by 
equal  and  similar  rhombic  planes. 

The  six-sided  prism  is  often  associated  in  natare  with  a  double  sixpsided 
pyramid,  formed  by  all  its  terminal  edges  being  replaced  by  isosoelee 
triangles.  If  the  faiees  of  the  prism  disappear,  the  double  six-sided  pyramid 
results. 

The  crystalline  fbrmsi  which  have  an  intimate  geometrical  oonnecti<m 
with  each  other,  are  considered  by  crystallographers  as  constituting  certain 
groups,  which  are  termed  Sy8iem§  of  Cryttaliization,  Thus,  of  the  fifteen 
primary  forms  above  described,  the  Tessular  System  of  Mobs  comprehends 
the  cube,  the  tetrahedron,  the  regular  octohedron,  and  the  rhombic  dodeca- 
hcdron,  together  with  several  others  not  enumerated ;  his  Pyramidal  System 
contains  the  octoliedron  with  a  square  base,  and  the  right  square  prism ; 
the  Prismatic  System  contains  the  rectangalar  and  rhombic  octohedron,  and 
the  riffht  rectangular  and  right  rhombic  prisms ;  the  Heroiprismatic  System 
includes  the  right  rhomboidal  and  the  oblique  rhombic  prisms ;  the  (Clique 
rhomboidal  prism  belongs  to  the  Tetarto-prisrnatic  System ;  and  the  Rhom- 
bohedral  System  comprehends  the  rhombohedron  and  the  regular  hexagonal 
prism.  This  distinotion  is  so  far  important,  that  all  the  forms  which  a  salt 
or  any  substance  assumes,  almost  always  belong  to  the  same  system  of 
crystallization. 

Besides  the  distinction  arising  from  external  form,  minerals  are  forther  dis- 
tinguished  by  differences  in  the  mechanical  cunnexion  of  their  particles, 
peculiarities  which  mineralogists  designate  by  the  name  of  ttructure.  The 
structure  of  a  mineral  arises  from  its  particles  adhering  at  some  parts  less 
tenaciously  than  at  others,  and  conseqaently  yielding  to  force  in  one  direc- 
tion  more  readily  than  at  another.  Structure  is  sometimes  visible  by  hold- 
ing  a  mineral  between  the  eye  and  the  light ;  bnt  in  general  it  is  brought 
into  view  by  effecting  the  actual  separation  of  parts  by  mechanical  means. 

The  structure  of  minerals  ma^  be  regular  or  irregttlar.  It  is  regular 
when  the  separation  takes  place  m  such  a  manner,  that  the  detached  surfaces 
arc  smooth  and  even  like  the  planes  of  a  crystal;  and  it  is  irregular,  when 
the  new  surface  does  not  possess  this  character. 

A  mineral  which  possesses  a  regular  structure  is  said  to  be  eleavatie  or 
to  admit  of  cleavasre  ;  the  sttrfaccs  exposed  by  splitting  or  deavin^  a  mineral 
are  ternicd  the  faces  of  cleavage ;  and  the  direction  in  which  it  may  be 
cleaved  is  called  the  direction  0/  cleavage  Sometimes  a  mineral  is  deavable 
only  in  one  direction,  and  is  then  said  to  have  a  oingle  cleavage.  Others 
may  be  cleaved  in  two,  three,  four,  or  more  directions,  and  are  said  to  have 
a  double,  treble^  fourfold  cleavage,  and  so  on,  according  to  their  number. 

Minerals  that  are  cleavable  in  more  than  two  directions  may,  by  the  re- 
moval of  layers  parallel  to  the  planes  of  their  cleavage,  be  often  made  to  as- 
Rume  regular  primary  forms,  though  Uiey  may  originally  have  possessed  a 
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liftNOi  figve.  CUoareoiui  ipar,  in  eample,  oeeura  in  rhamhohndwmi  of 
dllfercni  kindi,  in  hftf  gonal  prianw,  in  aix-dded  pyramids,  and  in  Tarions 
#ombumtiomi  of  Uiete  fi>raw;  bot  it  liaa  three  aets  ^ckava^  which  aze  ao 
inclined  to  each  other  an  to  conatitnte  a  rhombohedron  of  inYarlaUe  dimen> 
nonsy  and  into  that  form  every  ciyatal  of  calcareoua  apar  may  be  reduced, 
w      .    .  .    . ,     .  .,       .         of  wl*  '  -    .  .  - 


I  a  treble  cleavage,  the  planea  of  which  are  at  right 
uglea  to  each  other ;  and  hence  it  is  always  convertible  by  cleavage  into 
the  ouba  The  cleavages  of  flnor  spar  are  fourfold,  and  in  a  direction  pariJ. 
U  to  the  planes  of  the  regular  octohedron^  into  which  form  vwerj  cube  of 
floor  may  be  oonverted. 

Cleavage  not  only  affords  a  nsefol  character  for  distinguishing  minerals, 
bat  is  frequently  employed  by  mineralogists  for  detecting  the  primary  forma 
of  crystals.  If  a  mineral  occur  in  two  or  more  of  those  forms  which  have 
been  enumerated  as  primary,  that  one  is  usually  selected  as  fundamental 
which  may  be  produced  by  deavaffe.  Thus  fluor  spar  is  met  with  in  cubes, 
in  the  form  of  the  regular  octohedron,  and  as  the  rhombic  dodecahedron. 
Of  these  the  cube  is  bjr  far  the  most  frequent ;  and  yet  the  octohedron  is 
umally  adopted  as  the  fundamental  form,  because  fluor  has  four  equally  dis- 
tinct cleavages  parallel  to  the  planes  of  that  flgure.  It  is,  indeed,  a  practice 
^nry  common  among  mineralogists,  not  only  to  consider  cleavage  as  the 
most  influential  circumstance  in  fixing  the  primary  form  of  a  crystal,  but  to 
adopt  as  such  no  figure  which  is  inconsistent  with  its  cleavages. 

Since  the  forms  above  enumerated  as  belonging  to  the  tessular  system  of 
crjratallization  are  possessed  of  fixed  invariable  dimensions,  it  is  obvious  that 
mmerals,  or  other  crystallized  bodies  included  in  that  system,  must  often  in 
their  primary  forms  be  identical  with  each  other.  In  the  other  systems  of 
cryst^lization  this  identity  is  not  necessary,  because  the  dimensions  of  their 
iwms  are  variable.  Thus  octohedrons  with  a  square  base  may  be  dis- 
tinguished by  the  relative  length  of  their  axis,  some  being  flat  and  others 
acute.  Rhombic  octohedrons  may  be  distinguished  from  each  other  by  the 
relative  length  of  their  axis,  and  the  angles  of  their  base.  By  Hauy  it  was 
regarded  as  an  axiom  in  ciystallography,  that  minerals  not  belonging  to  the 
tessular  system  are  characterised  by  their  form ;  that  though  two  minerals 
may  in  form  be  analogous,  each  for  instance  being  a  rhombic  prism,  the  di* 
mensions  of  those  prisms  are  different  Identity  of  form  in  erjpstals  not  in- 
cluded in  the  tessular  system  was  thought  to  incucate  identity  of  composition. 
But  in  the  year  1819,  a  discovery,  extremely  important  both  to  mineraloey 
and  chemistry,  was  made  by  Professor  Mitecherlich  of  Berlin,  relative  to  the 
connexion  between  the  crystelline  form  and  composition  of  bodies.  It  ap- 
-  pears  from  his  researches,*  that  certain  substances  have  the  property  of 
assuming  the  same  crystalline  form,  and  may  be  aubstituted  for  each  other 
in  combination  without  affecting  the  external  character  of  the  compound. 
Thus  minerals  having  the  crystallization  and  structure  of  garnet,  and  which 
from  their  appearance  were  believed  to  be  such,  have  been  found  on  analysis 
to  contain  different  ingredtente.  Crystals  possessed  of  the  form  and  aspect 
of  alum  may  be  made  with  sulphates  of  potassa  and  peroxide  of  iron,  without 
a  particle  of  aiuminous  earth;  and  a  crystal  composed  of  selenic  acid  and 
soda  will  have  a  perfect  resemblance  to  Glauber's  salt  The  axiom  of  Hauy, 
therefore,  requires  an  essential  modification. 

To  the  new  branch  of  science  laid  open  by  the  discovery  of  Mitscherlich, 
the  term  of  Uomornhitm  (from  lo-oc  equal,  and  /uo^^ii  form)  is  applied :  and 
those  substances  which  assume  the  same  figure  are  said  to  be  i9omorphou9. 
Of  these  isomorphous  bodies,  several  distinct  groups  have  been  described  by 
Mitscherlich.  One  of  the  most  instructive  of  these  includes  the  salte  of 
araenic  and  phosphoric  acid.  Th^s,  the  neutral  phosphate  and  biphospbate 
of  soda  have  exactly  the  same  form  as  the  arseniate  and  binarseniate  of 
soda ;  phosphate  and  Diphosphate  of  ammonia  correspond  to  arseniate  and  hi- 
narseniate  of  ammonia,  and  the  biphospbate  and  binarseniate  of  potassa  have 
the  same  form.  Each  arseniate  has  a  corresponding  phosphate,  possessed  of 

•  Annales  de  Ch.etde  Physique,  voLziv.  172,xix.350,andzziv.264and355. 
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the  nme  form  ponefsing  tiie  same  mimber  of  eqniYalents  of  acid,  alkali,  and 
water  of  crjitallization,  and  difierin^  in  fact  in  nothinff,  except  that  one  ■ 
oontains  arsenic  and  the  other  an  eqmvalent  quantity  o^phosphoms.  A  se 
remarkable  group  contains  the  salts  of  sulphuric,  selenic,  chromic,  and  i 

Sinic  acids.  The  salts  of  barprta,  strontia,  and  oxide  of  lead  constitute  a 
ird  group ;  and  a  fourth  consists  of  lime,  magnesia,  and  the  protoxides  of 
manganese,  iron,  cobalt,  nickel,  zinc,  and  copper.  A  fifth  includes  alumina, 
peroxide  of  iron,  and  the  green  oxide  of  chromium ;  and  a  sixth  group  in- 
dudes  the  salts  of  permanganic  and  perchloric  acids.  In  comparing  together 
isomorpbous  bodies  of  the  same  group,  identity  of  form  is  not  to  be  expected 
unless  there  is  similarity  of  composition.  A  neutral  phosphate  does  not 
correspond  to  a  binarseniate,  nor  a  bi phosphate  to  a  neutral  arseniate :  an  an- 
hydrous sulphate  is  not  comparable  toahydrated  seleniate  of  the  same  base; 
nor  is  sulphate  of  protoxide  of  iron,  with  six  equivalents  of  water,  isomor- 
phous  with  sulphate  of  protoxide  of  manganese  with  five  equivalents.  In 
all  such  instances,  if  chemical  composition  differ,  crystalline  form  is  also 
different 

The  following  table  contains  the  principal  groups  of  isomorpbous  sub- 
stances  at  present  observed  by  chemists  :  a  more  extended  one,  partly  theo- 
retical, has  been  drawn  up  by  Professor  Johnston,  of  Durham,  in  his  Report 
on  Chemistry  to  the  British  Association : — 

1.  8. 


Silver          .        .        .        .          Ag 
Gold Au 

SalUof 
Soda 

No. 

2. 

Arsenious  acid       ...        As 

Oxide  of  silver      . 
9. 

Ag. 

in  iU  unusual  form  (page  354.) 

Salts  of 

Baryta 

Strontia        .... 

fia. 

Sr. 

Sesquioxide  of  antimony                Sb 

3. 
Alumma        .        .        .        .        AI. 

Lime  (in  Arragonite) 
Protoxide  of  lead 

Ca. 
Phu 

Sesquioxide  of  iron    .                .    Fp. 
4.                        ^ 
SalU  of 
Phosphoric  acid      ...        P. 

10. 

SalUof 

Lime 

Magnesia 
Protoxide  of  iron 

Ca. 
Fe- 

Arsenic  acid                               .As. 

manganese 

Mn. 

5.                        — 

Salts  of 
Sulphuric  acid    .        .                .    S. 

zinc 

nickel    . 
cobalt 

Zn. 
Ni. 
Co. 

Selenic  acid           .        .        .        Se. 
Chromic  acid      ...           Cr. 

copper    . 
lead  (mplumbo- ,  i 
calcite)    .        i 

Cu. 
Ph. 

Manganic  acid                               iifn. 
6. 
Salts  of 
Perchloric  acid    .        .        ,         CI. 

*1I. 
SalUof    • 
A^Iumina        .... 

Sesquioxide  of  iron 

Al. 
Fe. 

Permanganic  acid    .                .    Mn. 
7 

Sesquioxide  of  chromium 

Cr. 

Salts  of 

Potassa K. 

Ammonia  withl  eq.of  waterH3N+H. 

M^. 

■^e  facU  above  mentioned  afford  indubitable  proof  that  the  form  of 
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crystals  Is  materially  dependent  on  their  atomic  oonstitntian ;  and  the^  at 
first  indaced  Mitacherlich  to  suspect  that  crystalliDe  form  ia  determmed 
solely  by  the  namber  and  arrangement  of  atoms,  quite  independently  of 
their  nature.  Subsequent  observation,  however,  induced  him  to  abandon  this 
view ;  and  his  opinion  now  appears  to  be,  that  certain  elements,  which  are 
themselves  isomorphous,  when  combined  in  the  same  manner  with  the  same 
substance,  communicate  the  same  form.  Similarly  constituted  salts  of  arsenic 
and  phosphoric  acids  yield  crystals  of  the  same  figure,  because  the  acids,  it 
is  thought,  are  themselves  isomorphous ;  and  as  the  atomic  eonstitotion  of 
these  acids  is  similar,  each  containing  the  same  number  of  atoms  of  ozy. 
gen  united  with  the  same  number  of  atoms  of  the  other  ingredient,  it  is 
mferrod  that  phosphorus  is  isomorphous  with  arsenic.  In  like  manner  it 
is  believed  that  selenfo  acid  must  be  isomorphous  with  sulphuric  acid, 
and  selenium  with  sulphur ;  and  the  same  identity  of  form  is  ascribed  to 
all  those  oxidei  above  enumerated,  the  salts  of  which  are  isomorphous. 
The  accuracy  of  this  ingenious  view  has  not  yet  been  put  to  the  test  of 
extensive  observation,  because  the  crystalline  forms  of  the  substances  in 
question  are  for  the  most  part  unknown.  But  our  knowledge,  so  far  as  it 
goes,  is  favourable ;  for  sesquioxide  of  iron  and  alumina,  the  salts  of  which 
possess  the  same  form,  are  themselves  isomorphous.  It  may  hence  be  in- 
ferred as  probable,  that  isomorphous  compounds  in  general  arise  from  iso- 
morphous elements  uniting  in  the  same  manner  with  the  same  substance. 

Isomorphous  substances  have  oflen  very  close  points  of  reseroUanoe,  quite 
independently  of  form.  Thus,  arsenic  and  phosphorus  have  the  same 
odour ;  they  both  form  ^faseous  compounds  with  hydrogen :  they  differ  from 
nearly  all  other  bodies  in  their  mode  of  combining  with  oxygen,  and  yet 
agree  with  one  another,  and  their  salts  are  disposed  to  combine  with  the 
same  quantity  of  water  of  crystallization.  A  similar  analogy  subsists  be- 
tween selenium  and  sulphur,  both  being  fusible,  volatile,  and  combustible 
in  nearly  the  same  degree,  forming  with  hydrogen  colourless  gases  which 
are  similar  in  odour  and  in  their  diemical  relations,  and  giving  rise 
to  analogous  compounds  with  oxygen.  The  characters  of  sulphuric  and 
selenic  acids  in  particular  are  very  similar ;  and  the  salts  of  these  acids  are 
equally  allied.  Sulphate  of  soda,  for  example,  has  the  unusual  property  of 
bein^  less  soluble  in  water  at  21Sl°  than  at  100^,  and  the  very  same  peculia- 
rity is  observable  in  seleniate  of  soda.  The  same  intimacy  of  reUtion^xists 
between  baryta  and  strontia,  between  lime  and  magnesia,  and  between  cobalt 
and  nickel. 

Isomorphous  substances,  owing  doubtless  to  the  various  points  of  resem- 
blance which  have  just  been  traced,  crystallize  together  with  great  readiness, 
and  are  separated  from  each  other  with  difficulty.  Dr.  Daubeny  has  re- 
marked tliat  a  weak  solution  of  lime,  which  in  pure  water  would  be  instantly 
indicated  by  oxalate  of  ammonia,  is  very  sluggishly  affected  by  that  test 
when  much  sulphate  of  magnesia  is  present ;  and  I  6nd  that  chloride  of 
manganese  cannot  be  purified  from  lime  by  oxalate  of  ammonia.  A  mixture 
of  the  sulphates  of  the  protoxides  of  copper  and  iron  yields  crystals  which 
have  the  same  quantity  of  water  of  ^crystallization  (six  equivalents),  and  the 
same  form  as«-reen  vitriol,  though  they  may  contain  a  large  quantity  of 
copper.  The  sulphates  of  the  protoxides  of  zinc  and  copper,  of  copper  and  mag- 
nesium, of  copper  and  nickel,  of  zinc  and  manganese,  and  of  magnesium  and 
manganese,  crystallize  together,  contain  six  equivalents  of  water,  and  have  the 
same  form  as  green  vitriol,  without  containing  a  particle  of  iron.  These  mixed 
salts  may  be  crystallized  over  and  over  again  without  the  ingredients  being 
separated  from  each  other,  just  as  it  is  extremely  difficult  to  purify  alum 
from  sesouioxide  of  iron,  with  which  alumina  is  isomorphous.  In  these  in- 
stances the  isomorphous  salts  do  not  occur  in  definite  proportions :  they  are 
not  chemically  united  as  double  salts,  but  merely  crystallize  together. 

The  same  intermixture  of  isomorphous  substances  which  takes  place  in 
artificial  salts,  is  found  to  occur  in  minerals,  and  affords  a  luminous  expla- 
nation of  the  great  variety  both  in  the  kind  and  proportion  of  substances 
which  may  coexist  in  a  mmeral  species,  without  ita  external^  character  being 
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tberaby  eiwwrtiiWy  lifected.    T%im,  g«niet;ifl 


tndUme,  ezprMed  by  tlie  «irmuk  <iAJ+3»)+S(Ga+8i);  ^ 

in  alum,  the  alanuna  may  be  replaced  by  leequioxide  of  iron,  yidding  the 

oompoond  (Fe4.3Si)4-3(Ca4-Sl)  or  they  may  be  both  pretent  in  any  pco- 
portaoD,  provided  that  their  lum  is  equivalent  to  either  aingW.  So,  while 
■eequioyide  of  iron  displaoea  the  alomina,  the  lime  may  be  ezchai^fed 

&r  protoxide  of  iron ;  and  a  mineral  would  result,  (Fe+3Si)+3(Fe4.Si>» 
which  contains  neither  alnmina  nor  lime,  thouf  h  it  has  still  the  fimn  of  gar- 
net Instead  of  protoxide  of  iron,  the  lime  may  be  replaced  by  asafpiMin, 
pnHoodde  of  manganese,  or  any  other  isomorphiMB  base;  or  any  eqmvalent 
qontity  of  some  or  all  of  these  may  take  the  phoe  of  the  lime,  without  the 
ciystalk^raphie  character  being  destroyed.    In  like  manner  epidale  is  n 

donUe  silicate  of  alumina  and  lime,  ezpusssed  by  (A]l+iaiH-(Ca4-38iy. 
and  here  again  varieties  of  epidote  are  to  be  expected,  in  which  alnmina 
and  lime  are  replaced  partially  or  wholly  by  an  equivalent  quantity  of  iso* 
morphoos  bases. 

llM  discovery  of  Mitscherlieh,  while  it  accounts  lor  difference  of  com- 
position  in  the  same  mineral,  and  serves  as  a  caution  to  mineralogists  against 
too  ezclnsive  reliance  on  crystallographic  character,  is  in  several  ouer  respects 
of  deep  interest  to  the  chemist  It  tends  to  lay  open  new  paths  of  reswch 
by  unfolding  analogies  which  would  not  otherwise  have  been  perceived. 
The  tendency  of  isomorphous  bodies  to  crystallize  together  accounts  for  the 
difficulty  of  purifying  mixtures  of  isomorphous  salts  by  crystallixation.  The 
same  property  seta  the  chemist  on  his  guard  against  the  occurrence  of 
isomorphous  substances  in  crystallized  minerals.  The  native  phosphates, 
for  example,  frequently  contain  arsenic  acid,  and  conversely  the  native 
arseniates  phosphoric  acid,  without  the  form  of  the  crystals  being  thereby 
aflfocted  in  the  slightest  degree.  It  is  a  useful  guide  in  discovering 
the  atomic  constitution  of  compounds.  AU  chemists  are  agreed,  fixm 
the  composition  of  the  oxides  of  iron,  and  from  the  compounds  which  this 
metal  forms  with  other  bodies,  that  the  oxide  consists  of  two  atoms  of 
iron  and  three  atoms  of  oxygen ;  and,  therefore,  it  is  inferred  that  aJomina, 
which  is  isomorphous  with  peroxide  of  iron,  has  a  similar  constitntion.  The 
green  oxide  and  acid  of  chromium,  the  oxygen  of  which  is  ss  1  to  2,  afibrds 
a  still  better  iUastration.  As  the  ehromatea  and  sulphates  are  isomorphooa, 
it  was  inferred  that  chromic,  like  sulphuric,  acid  was  composed  of  one  atom 
of  the  combustible  to  three  atoms  of  oxygen.  On  this  presumption  it  follows 
that  the  green  oxide,  containing  half  as  much  oxygen  as  the  acid,  must  con- 
tain two  atoms  of  chromium  to  three  atoms  of  oxygen ;  and  agreeably  to 
this  inference,  it  is  found  that  the  green  oxide^s  isomorphous  with  alumina 
and  peroxide  of  iron.  The  phenomena  presented  by  isomorphous  bodies 
afiord  a  powerful  argument  in  favour  of  the  atomic  theory.  The  only  mode 
of  satisfkctorily  accounting  for  the  striking  identity  of  ciystalline  form 
observable,  first,  between  two  substances,  and,  secondly,  between  all  their 
oomponnds  which  have  an  exactly  similar  composition,  is  by  supposing  them 
to  consist  of  ultimate  particles  possessed  of  the  same  figure,  and  arranged  in 
precisely  the  same  order.  Hence  it  appears,  that,  in  accounting  for  the  con- 
nexion  between  form  and  composition,  it  is  necessary  to  employ  the  very 
same  theory,  by  which  alone  the  laws  of  chemical  union  can  be  adequately 
explained. 

It  has  been  objected  to  some  of  the  ftcts  addaced  in  favour  of  isomorphism, 
that  the  forms  of  substances  considered  isomorphous  are  sometimes  approxu 
nuUe  rather  than  ideniieal.  The  primary  form  of  sulphate  of  strontia  is  a 
rhombic  prism  very  similar  to  that  of  sulphate  of  baryta ;  but  on  measuring 
the  inclination  of  corresponding  sides  in  each  prism,  the  difference  is  found 
to  exeeed  two  degrees ;  and  similar  differences  are  observable  in  the  rfaom- 
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behedron  x>f  the  carbonates  of  lime  and  protoxide  of  iron.  This  haa  in- 
duced  Professor  Miller  of  Cambridge  to  indicate  this  approximation  bv  the 
term  piUtiomorphism  {irkuTtoc,  near) ;  and  it  has  been  brought  forward  in  a 
clever  essay  by  Mr.  Brooke  as  an  argument  against  the  whole  doctrine  of 
isomorphism,  an  essay  which  has  received  an  able  reply  from  the  pen  of  Mr. 
WhewelL '  (Phil.  Mag.  and  An.  N.  S.  x.  161  and  401.)  It  is  an  important 
matter  for  inquiry  to  ascertain  the  distinction  between  isomorphous  and 
plesiomorphous  bodies^  and  to  discover  if  two  substances  may  be  plesiomor- 
phous  in  one  state  of  combination  and  isomorphous  in  another.  Such  an 
inquiry  will  in  all  likelihood  modify  our  present  views ;  but  in  the  mean  time 
the  facts  already  known  leave  no  doubt,  that  some  doctrine  of  the  kind  has 
ft  real  foundation  in  nature. 

In  one  of  the  essays  above  referred  to.  Professor  Mitscherlich  observed 
that  biphosphate  of  soda  is  capable  of  yielding  two  distinct  kinds  of  crystals, 
which,  though  different  in  form,  in  composition  appear  to  be  identical.  The 
more  uncommon  of  the  two  forms  resembled  binarseniate  of  soda;  but  the 
more  usaal  form  is  quite  dissimilar.  He  has  since  discovered  that  sulphur 
is  capable  of  yielding  two  distinct  kinds  of  crystals.  The  crystals  of  carbo- 
nate of  lime  in  calcareous  spar  and  in  Arragonite  belong  to  different  systems 
of  crystallization,  the  former  being  rhombohedral,  and  the  latter  derived  . 
from  a  rhombic  prism.  Arsenious  acid,  and  probably  metallic  arsenic  also, 
affords  an  instance  of  the  same  kind  (page  354).  It  would  thus  seem  tliat 
elementary  and  compound  bodies  are  capable  of  assuming  two  distinct  crystal- 
line forms.  In  the  case  of  biphosphate  of  soda,  an  explanation  may  be  de- 
rived  from  the  late  experiments  of  Mr.  Graham  on  metaphosphoric  acid ;  but 
the  &ct  that  an  elementary  substance  is  susceptible  of  assuming  different 
fbrms  is  wholly  unexplained. 

Mitscherlich  has  also  noticed  that  the  form  of  salts  is  sometimes  changed 
by  heat,  without  their  losing  the  solid  state.  This  change  was  first  noticed 
in  sulphate  of  magnesia,  and  also  in  the  sulphates  of  the  protoxides  of  zinc 
and  iron.  It  appears,  in  these  instances  at  least,  to  be  owing  to  decompo- 
sition  of  the  hydrous  salt  effected  by  increased  temperature;  a  change  of 
composition  which  is  accompanied  with  a  new  arrangement  in  the  mole- 
cules of  the  compound. 


SECTION  L 

CLASS  OF  SALTS.  ORDER  L 

OXY-SALTS. 

Tffls  order  of  salts  includes  no  compound  the  acid  or  base  of  which  does 
not  contain  oxygen.  With  the  exception  of  the  ammoniacal  salts,  both  the 
acid  and  base  of  the  sdts  described  in  this  section  are  oxidized  bodies.  As 
each  acid,  with  few  exceptions,  is  capable  of  uniting  with  every  alkaline  base, 
and  frequently  in  two  or  more  proportions,  it  is  manifest  that  the  salts  must 
oonstitnte  a  very  numerous  class  of  bodies.  It  is  necessary,  on  this  account, 
to  facilitate  the  study  of  them  as  much  as  possible  by  classification.  They 
may  be  conveniently  arranged  by  placing  together  those  salts  which  contain 
either  the  same  salifiable  base  or  the  same  acid.  It  is  not>  very  material 
which  principle  of  arrangement  is  adopted ;  but  I  give  the  preference  to  the 
latter,  because,  in  describing  the  individual  oxides,  I  have  already  mention- 
ed  the  characteristic  features  of  their  salts,  and  have  thus  anticipated  the  chief 
advanta^re  that  arises  from  the  former  mode  of  classification.  I  shall,  there- 
fore, divide  the  salts  into  families,  placing  together  those  saline  combinations 
which  consist  of  the  same  acid  united  with  different  salifiable  bases.  The 
salts  of  each  family,  in  consequence  of  containing  the  same  acid,  possera 
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eerttin  ehineten  in  oommon  by  which  they  nmj  all  bedlitin^iurfied;  wad^ 
indeed,  the  descriptioD  of  many  ealte,  to  which  no  paiticnlar  interest  b  ■!• 
taehed,  is  cofficieotlj  comprehended  in  that  of  its  ftmily,  and  may,  there- 
fore, be  omitted. 

All  the  powerffal  alkaline  baaea,  excepting  ammonia,  are  the  protoxideB  of 
an  electro-poBttive  metal,  auch  as  potaaaimn,  barimn,  or  iren;  so  that  if  ML 

represent  an  equivalent  of  any  one  of  those  metals,  M4-O  of  M  is  the  afroBf- 
est  alkaline  base,  and  often  the  only  one,  which  that  mletal  can  form.    A  aln^ 

^le  equivalent  of  an  acid  neutralizes  M,  formingf  with  it  a  neutral  salt   Tbu&t 

indicating  an  eqiUTalent  of  sulphuric  and  nitric  add  by  the  ngna  8  and  1^, 

an  the  neutral  aulphatea  and  nitrates  of  protoxides  are  indicated  by  M-|-S 

and  M^N.  There  ia,  therefore,  in  the  neutral  protoaalts  of  each  fomily,  a 
eonstant  ratio  in  the  oxygen  of  the  base  and  add,  resulting  from  the  oompo> 
sition  of  each  acid ;  that  ratio  for  the  sulphates  being  as  1  to  3,  and  for  ni- 
trates as  1  to  5.    If  the  metal  M  of  a  neutral  sulphate  pass  into  a  higher  grade 

of  oxidation,  becoming  a  binoxide  M,  then  wiU  tiiat  binoxide  be  disposed  to 

unite  with  two  equivalents  of  acid,  and  form  a  biaalt,  M^S^  in  which  the 
oxygen  of  base  and  add  is  still  as  1  to  3 ;  and  if  the  metal  yield  a  sesqnioxide, 

M,  then  if  sufficient  acid  be  supplied,  the  resulting  salt  will  consist  of  M  4. 

3S,  the  ratio  of  1  to  3  being  presenred.  This  curious  law  relative  to  oxy-salta, 
which  is  very  general,  was  first  noticed  by  Gay.Lussac  (Mdmoires  d^ArcueiJ, 
ii.);  and  BeraeUus  haa  found  it  to  hold  in  earthy  minerals,  and  employed  it 
aa  a  guide  in  studying  their  composition. 

The  combination  of  salts  with  one  another  gives  rise  to  compounds  which 
were  formerly  called  triple  salts;  but  as  the  term  douhle  salt,  proposed  by  Ber- 
lelius,  gives  a  more  correct  idea  of  their  nature  and  constitution,  it  will  al- 
ways be  employed  by  preforenoe.  These  salts  may  be  composed  of  one  add 
and  two  bases,  of  two  acids  and  one  base,  and  of  two  different  acids  and  two 
different  bases.  Most  of  the  double  salts  hitherto  examined  consist  of  the 
same  acid  and  two  diflferent  bases. 

SULPHATES. 

The  salts  of  sulphuric  acid  in  solution  may  be  detected  by  chkwide  ci 
barium.  A  white  precifntate,  sulphate  of  baryta,  invariaUy  subsides,  which 
is  insoluble  in  acids  and  alkalies,  a  character  by  which  the  presence  of  sul- 
phuric  acid,  whether  free  or  combined,  may  always  be  recognised.  An  in- 
soluble sulphate,  such  as  sulphate  of  baryta  or  atrontia,  mav  be  detected  by 
mixing  it,  in  fine  powder,  with  three  times  its  weight  of  carbonate  of  potassa 
or  soda,  and  exposing  the  mixture  in  a  platinum  crudUe  for  half  an  hoar  to 
a  red  heat.  Double  decomposition  ensues;  and  on  digesting  the  residue  in 
water,  filtering  the  solution,  neutralizing  the  froe  alk^  by  pure  hydrochloric, 
nitric,  or  acetic  add,  and  adding  chloride  of  barium,  the  insduble  sulphate  of 
that  base  is  precipitated. 

Several  sulphates  exist  in  nature,  but  the  only  ones  which  are  abundant 
are  the  sulphates  of  lime  and  baryta.  All  of  them  may  be  formed  by  the  ac- 
tion of  sulphuric  acid  on  the  metals  themselves,  on  the  metallic  oxides  or 
their  carbonates,  or  by  way  of  double  decomposition. 

The  solubility  of  the  sulphates  is  very  variable.  There  are  six  only  which 
may  be  regarded  as  really  insoluble;  namely,  the  sulphates  of  baiyta,  and  of 
the  oxidea  of  tin,  antimony,  bismuth,  lead,  and  mercury.    The  aparingly 
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•olQble  sulphate*  ire  those  of  strontia,  lime,  ziroania,  yttria,  and  of  the  oudes 
of  cerium  and  silver.    All  the  others  are  soluble  in  water. 

All  the  sulphates,  those  of  potassa,  soda,  lithia,  baryta,  strontia,  and  lime 
excepted,  are  decomposed  by  a^  white  heat  One  part  of  the  sulphuric  acid 
of  the  decomposed  sulphate  escapes  unchanged,  and  another  portion  is  re- 
adved  into  sulphurous  acid  and  ozy^fen.  Ijioee  which  are  easily  decom- 
posed by  heat,  such  as  sulphate  of  oude  of  iron,  yield  the  largest  quantity  of- 
undecomposed  sulphuric  acid. 

When  a  sulphate,  mixed  with  carbonaceous  matter,  is  ignited,  the  oxygen 
both  of  the  aod  and  of  the  oxide  unites  with  carbon,  car£mic  acid  is  disen- 
ffBffed,  and  a  metallic  solphuret  remains.  A  similar  chanse  is  produced  by 
hydrogen  gas  at  a  red  heat,  with  formation  of  water,  and  frequently  of  some 
hydrosulphuric  acid.  In  some  instances  the  hydrogen  entirely  deprives  the 
Boetal  of  its  sulphur. 

The  composition  of  neutral  protosulphates  is  expressed,  as  above  stated,  by 

the  formula  M+S.  Consequently  the  acid  contains  three  times  as  much 
oxygen  as  the  base;  and  if  both  were  deprived  of  their  oxygen,  a  metallic 
protosulphuret  would  result,  as  indicated  by  the  formula  M+S. 

The  Mowing*  taUe  represents  the  composition  of  the  principal  sulphates, 
both  anhydrous,  and  with  water  of  crystallization  when  they  crystallize  with 
water. 

Names.  Base.  Acid.  Eqniv.     Formula. 

Sulphate  of  potassa      .    47.15    1  eq.+  40.1     1  eq.=s  87^      K-f  S. 

Sesquisulph.  potassa    .     94J    2eq.+120.3     3  eq.=S14.6       3k-f3& 
Do.    in  crystals  witb    9    or  1  eq.  of  water     .    ss^2Sd.6 

Bisulph.  potassa         .    47.15    1  eq.+  80.3     2  eq.r:rl27.35      K4-a& 
Do.    in  crystals  with    18    or  2  eq.  of  water      .    ==145.35 

Su]ph.soda         .        .    31J      leq.+  40.1     1  eq.r=  71.4        Na-fS. 
Da    in  crystals  with   90  or  10  eq.  of  water     .    =1614 

Bisulph.  soda  .    31.3      1  eq.+ 80.9     3  eq.=m.5        Na+^ 

IX».    in  crystals  with   36  or   4  eq.  of  water     .    =:147JS 

8alph.Uthia        .        .    18         I  eq.+  40.1     1  eq.»  58J        L4-& 
Do.    in  crystals  with       9  or    1  eq.  of  water      .    ss  67.1 

Snlph.  ammonia  .        .    17.15    1  eq.4-  40.1     1  eq.=  57.35      HsN-f  S 
Do.    in  crystals  with    18  or   3  eq.  of  water     .    =75.35 

Sulph.  baryta      .        .    76.7      1  eq.-f  40.1     1  eq.=:ll6.8        Ba+& 

flolpfa.  strontia    .        .    51.8      1  eq.+  40.1     1  eq.»  91.9        S^fa 

Sulph.  fime  .        .    38.5      1  eq^  40.1     I  eq.=:  68.6       Ca+S. 

Da    as  gypsum  with  18  or    9  eq.  qf  water     .    s  86.6 

Sulph.  magnesia .        .    90.7      1  eq.+  40.1     1  eq.      60.8        Mg+S. 
Do.    in  crystals  with   63  or   7  eq.  of  water      .    =133.8 

Sulph.  alumina    .        .    514      1  eq^-  40.1     1  eq.s:  91.5        AtfiL 

Do.    is  crystals  with   81  or   9  eq.  of  water     .    »173.5 
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Namei.  Baie.  Acid.  Equiv. 

Termilph.  alamiiia       .    514  leq4-130.3     3  eq^l71.7 

Do.    in  oryrtab  with  162  or  18  eq.  of  water     .    =333.7 

Salph.protox.inaiigaiieae  35.7  1  eq.+  40.1      1  eq*=  75.8 

Do.    in  cryitals  with    45  or  5  eq.  of  water      .    =120.8 

Sulph.  protox,  iron       .    36  1  eq.+  40.1     1  eq.=  76.1 

Do.    in  eryitals  with    54  or  6  eq.  of  water      .    =130.1 

Termilph.»e«quiox.iron   80  1  cq.4-120.3     3  eq.=200.3 

Diauiph.  wiquioi.  iron  160  2  eq.+  40.1     1  eq.==200.1 

Do.  as  ahydrate  with  54  or  6  eq.  of  water      .    =254.1 

Solph.  protoz.  line       .40.3  1  cq.+  40.1     1  eq.=  80.4 

Do.    in  crystals  with  63  or  7  eq.  of  water     .    =143.4 

Sulph.  protoz.  nickel    .    37.5  1  eq.+ 40.1     1  eq.»  77.6 

Do.    in  crystals  with    63  or  7  eq.  of  water     .    =140.6 

Sulph.  protox.  oobaH    .    37.5  1  eq.+  40.1     1  eq.=  Tt.S 

Da    in  crystals  with   54  or  6  eq.  of  water      .    =131.6 

Tersulph.  sesquiox.chrom.  80        1  eq.+120.3     3  eq.=20a3 

Sulph.  protox.  copper        39.6     1  eq+  40.1     1  eq.=  79.7 

Disttlph.  protox.  copper      795  2  eq.4-  40.1      1  eq.= 119.3 

Sulph.  protox.  mercury    210  1  eq.+  40.1      1  eq.=250.1 

Subealp.  perox.  mercury  872  4  eq.;f  120.3     3  eq.=992.3 

Bi8ulph.perox.  mercury  218  1  eq^-  80.2     9  e(t.=296i2 

Sulph.  ox.  sUver    .    .     116  1  eq.+  40.1      1  eq.=  156.1 

DODBLE   8ULFHATBS. 


Names, 


Equiv. 
a40 


Sulphate  of  soda      S  Solph.  soda          71.4  1  eq.  ^ 

and  lime                }     do.    lime          68.6  1  eq.  ^ ' 

Sulph.  of  potaasa     V  Sulph.  potassa     87J25  1  eq.  ^  ^14005 

and  magnesia        )     do.    magnesia  60.8  1  eq.  \ 

Do.        with  54  or  6  eq.  of  water       .  =202.05 

Sulph.  of  ammonia  \  Sulph.  ammonia  57i25  1  eq.  ^  sll8  05 

and  magnesia        )     do.    magnesia  60.8  1  eq.  { 

Do.        with  63  or  7  eq.  of  water      .  =18L05 

Solph.  of  soda          S  Sulph.  soda         71.4  1  eq.  K    tooo 

and  magnesia        }    do.    magfnesia  60.8  1  eq.  ) 

Do.        with54or  6eq.  ofwater  .        =186.2 


FormuhB. 
^^ 

Mn+s! 
Fc+S. 

2i^-& 

Zn4.S. 
Ni-^-s! 
Co+S. 

Cu+S. 

2Cu4-S. 

Hg+B 
4Hg+3& 
Hg+28. 

Ag+i. 

Formnle. 
N^CaSl 

KS+Mg& 
HaNS+MgS. 
NaS+MgS. 
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NauMt.  EqiiiT.     Vcnaxdm. 

Do.       with  916  or  d4eq*  of  water  .47495 

andalomina         ^  Terrolph.  alum.  171.7    leq-J""***^      «aJH-A»i 

Da        with  234  or  26  eq.  of  water  —477.1 

CKiIph.  of  ammoDia  S  Sulph.  ammonia  57.95  1  eq.  /     ooooe  txaMa  i  Tia. 
and  alumina         >  Tenmlph.  alum.  171.7    1  eq.  J  ==«»^5  H«JMS+A1S» 

Da        with  54  or  6  eq.  of  water  .      ^^.217.05 

Salph.ofammooia  \  Snlph.  ammonia  5755  1  eq.  i  ^133 05  HtNS+Mna 
andjirotoz.  mang.  }  do.  protoz.  mang.  75.8    1  eq.  (     *•'•'•"«  **  x^o-r""«* 

Da        with  63  or  7  eq.  of  water  i»196.05 

The  protoxidee  of  iron,  zinc,  nickel,  and  cobalt  yield  with  potaaaa  and 
ammonia  double  aaltB  exactly  a^reein?  in  form  and  composition  with  the 
preceding  doable  aalte  of  ma^eeia  and  ozide  of  manganesa 

Sulphate  of  Fofa«Md— This  salt  is  easily  prepared  artificially  by  neutral- 
iiing  carbonate  of  potassa  with  sulphuric  acid;  and  it  is  procured  abundant- 
ly by  neutralizing  with  carbonate  of  potassa  the  residue  of  the  operation  for 
preparing  nitric  acid.  (Poffe  IBl.)  Its  taste  is  saline  and  bitter.  It  gene- 
rally crystallizes  in  stx-sided  prisms,  bounded  by  pyramids  with  siz  sides ; 
the  size  of  which  is  said  to  be  much  increased  by  the  presence  of  a  little  ear- 
booate  of  potassa.  Its  primary  form,  according  to  Mitscherlich,  is  a  rhombic 
oetohedron,  and  it  is  isomorphons  with  chromate  and  seleniate  of  potassa. 
(Peg.  Annalen,  zviii.  168.)  The  crystals  contain  no  water  of  crystallization, 
and  sofler  no  change  by  ezposure  to  the  air.  They  decrepitate  when  heated, 
and  enter  into  fusion  at  a  red  heat  Thev  require  16  times  their  weight  of 
water  at  60^,  and  5  of  boiling  water  for  solution. 

BUulnkate  of  potassa  is  easily  formed  by  ezposing  the  neutral  sulphate 
with  half  its  weight  of  strrmg  sulphuric  acid  to  a  heat  just  below  redness,  in 
a  platinum  crucible,  until  acid  fumes  cease  to  escape.  The  primary  form  of 
its  crystals  is  a  riffht  rhombic  prism,  hut  which  is  in  general  so  flattened  as 
lo  be  tabular.  It  lias  a  strong  sour  taste,  and  reddens  litmus^  paper.  It  is 
much  more  soluble  than  the  neutral  sulphate,  re(|biring  for  solution  only 
twice  its  weight  of  water  at  60<^,  and  less  than  an  equal  weight  at  212<'  F. 
It  is  resol?ed  by  heat  into  sulphuric  acid  and  the  neutral  sulphate. .  * 

Mr.  Phillips  has  described  a  sesfuisuipAote,  obtained  in  the  form  of 
aeicular  crystals  like  asbestus,  from  the  residue  of  the  process  for  making 
nitric  acid.  The  conditions  for  ensuring  its  production  have  not  been 
determined.  (PbiL  Mag.  and  Annals,  ii.  421.) 

Sulphmie  tf  Ss^^This  compound,  commonly  called  6^ii&sr*s  soit,  is 
occasionally  met  with  on  the  surface  of  the  earth,  and  is  frequently  con- 
tained in  mineral  springs.  It  may  be  made  bj|^  the  direct  action  of  sulphuric 
acid  on  carbonate  of  soda,  and  it  is  procured  in  large  quantity  as  a  residue 
in  the  process  fo^r  forming  hydrochloric  acid  and  chlorine,  (rages  210  and 
919.) 

Sulphate  of  soda  has  a  cooling,  saline,  and  bitter  taste.  It  commonly 
vielde  four  and  siz-sided  priimatic  crystals,  but  its  primary  form  b  a  rhom- 
me  oetohedron.    Its  crystals  effloresce  rapidly  when  ezposed  to  the  air, 

—  the  whole  of  their  water.  When  heated  they  readily  undergo  the 
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watery  fbeion.  At  939  100  parts  of  water  diaaolvo  12  partaof  the  crjatals,  48 
parU  at  64^^,  iqo  parte  at  77^  270  at  89^^  and  322  at  91.5°.  On  in. 
creaaing  the  faeat  beyond  this  point,  a  portion  of  the  aaH  is  deposited,  being 
leaa  aoIaUe  than  at  91JSP.  (Gay.Lnaaac)  If  a  solution  saturated  at  91  ^^  is 
evaporated  at  a  higher  temperature,  the  salt  is  deposited  in  opaque  anhr- 
drous  prisms,  the  primary  form  of  which  is  a  rhombic  odohedron.  Its 
■pecific  gravity  in  this  state  is  2.462.  (Haidinger.) 

BUulpkaU  of  soda  may  be  formed  in  the  same  manner  as  the  analogous 
saltof  potassa. 

Sulphate  of  LUhia. — ^This  salt  is  yery  soluble  in  water,  fuses  by  heat  more 
readily  than  the  sulphates  of  the  other  alkalies,  and  crystallizes  in  Bmt 
prisms,  which  resemble  sulphate  of  soda  in  appearance,  but  do  not  effloresce 
on  exposure  to  the  air.     Its  taste  is  saline  without  being  bitter. 

Sulphate  of  Ammonia. — ^This  salt  is  easily  prepared  by  neutralizing  car- 
bonate of  ammonia  with  dilnte  sulphuric  acid;  and  it  is  contained  in  coo- 
aiderable  quantity  in  the  soot  from  coal.  It  crystallizes  in  long  flattened  six- 
sided  prisms.  It  dissolves  in  two  parts  of  water  at  60^,  and  in  an  equal 
weight  of  boiling  water.  In  a  warm  dry  air  it  effloresces  and  loses  half  of 
its  water.  When  sharply  heated  it  fuses,  gives  off  its  water  of  crystaUixa^ 
tion  along  with  some  ammonia,  and  is  then  decomposed,  yielding  nitrogen 
gas,  water,  and  sulphate  of  ammonia. 

Sulphate  of  Baryta. — ^Native  sulphate  of  baryta,  commonly  called  heavy 
epar,  occurs  abunJantly,  chiefly  massive,  but  sometimes  in  anhydrous  crys> 
tals,  the  form  of  which  is  variable,  being  sometimes  prismatic  and  some- 
times tabular,  dcducible  from  a  right  rhombic  prism.  lis  density  is  about 
4.4.  It  is  easily  formed  artiiiciaUy  by  double  decomposition.  This  salt 
bears  an  intense  heat  without  fusing  or  undergoing  any  other  change,  and 
is  one  of  the  must  insoluble  substances  with  which  chemists  are  acquainted. 
It  ii  sparingly  dissolved  by  hot  and  concentrated  sulpharic  acid,  but  is  pre- 
eipitated  by  the  addition  of  water. 

Sulphate  of  Strontia. — ^Tbis  salt,  the  eehaiine  of  mineralogists,  is  lees 
abundant  than  heavy  spar.  It  occurs  in  anhydrous  prismatic  ci^stals  of 
peculiar  beauty  in  Sicily,  and  its  primary  form  is  a  right  rhombic  prism. 
Its  density  is  3.858.  As  obtained  by  the  way  of  double  decomposition,  it  is 
•  white  heavy  powder,  very  similar  to  sulphate  of  baryta,  and  reqaives 
about  3840  times  its  weight  of  boiling  water  for  solution. 

Sulphate  of  lAtne. — ^This  salt  is  easily  formed  by  mixing  in  solution  a  salt 
of  lime  with  any  soluble  sulphate.  It  occurs  abundantly  as  a  natural  pro- 
duction. The  mineral  called  anhydrite  is  anhydrous  sulphate  of  lime;  and 
all  the  varieties  ofj^ypoum  are  composed  of  the  same  salt,  united  with  water. 
The  pure  crystolhzed  specimens  of  gypsum  are  sometimes  called  selemfe; 
and  the  white  comp&ct  variety  is  employed  in  statuary  under  the  name  ol 
alahatter.  The  crystals  are  generally  flattened  prisms,  the  primary  form  of 
which  is  a  rhonibic  prism.  The  hydrous  salt  is  deprived  of  its  water  by  a 
low  red  heat,  and  in  this  state  forms  plaster  of  Paris.  Its  property  of  be- 
cofaiing  hard,  when  made  into  a  thin  paste  with  water,  is  owing  to  the 
anhydrous  sulphate  combining  chemically  with  that  liquid,  and  thus  de- 
priving it  of  its  fluidity. 

Sulphate  of  Kme  has  hardly  any  taste.  It  is  considerably  more  soluUe 
than  the  sulphate  of  baryta  or  strontia,  requiring  for  solution  about  500  parts 
ef  cold,  and  450  of  boiling  water.  Owing  to  this  circumstance,  and  to  its 
existing  so  abundantly  in  the  earth,  it  is  frequently  contained  in  spring 
water,  to  which  it  communicates  the  property  called  hardness.  WhcQ 
Aeshly  precipitated,  it  may  be  dissolved  completely  by  dilute  nitric  acid. 
It  is  commonly  believed  to  sustain  a  white  heat  without  decomposition ;  but 
Dr.  Thomson  states,  that  it  parts  with  some  of  its  acid  when  heated  to  red- 
ess 

Sulphate  of  Magne$ia.—ThiB  sulphate,  generally  known  by  the  name  of 
Ep&om  salt,  is  frequently  contained  in  mineral  springs.  It  may  be  made 
dircetly,  by  neutralizing  dilute  sulphuric  acid  with  carbonate  of  magnesia  ; 
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bat  it  is  procured  for  the  parpotee  of  oommeroe  by  the  action  of  dilots 
•olphuric  acidt>n  magrneuan  UmettoDe^  native  carbonate  of  lime  and  magneaia. 
Sidphate  of  magnesia  baa  a  saline,  bitter,  and  nauseous  taste.  It  crya- 
talliaea  readily  in  small  quadrangular  prisms,  which  effloresce  slightly  in  a 
dry  air.  It  is  obtained  also  in  larger  crystals,  which  are  irregular  six-sided 
prisms,  terminated  by  eix-sided  summits.  Its  primary  form  is  a  right 
rhombic  prism,  the  angles  of  which  are  90^  30'  and  89^  30'.  (Brooke.)    Its 

7stals  are  soluble  in  an  equal  weight  of  water  at  60°,  and  in  three-iburthfl 
their  weight  of  boiling  water.    They  undergo  the  watery  fusion  when 
heated;  and  the  anhydrous  salt  is  deprived  of  a  portion  of  its  acid  at  a  white 


Sulphatet  of  Alumina, — ^The  ttrtulphate  is  prepared  by  saturating  dilute 
Bulphuric  acid  with  hydrated  alumina,  and  evaporating.  It  crystallizes  with 
difficulty  in  thin  flexible  plates  of  a  pearly  lustre,  which  contain  eighteen  eq. 
of  water,  and  require  twice  their  weight  of  water  for  solution.  Berzelius  says 
it  occurs  native  at  Milo,  in  the  Grecian  Archipelago.  It  has  an  acid  reaction. 

The  hydrated  dUulphate  b  known  to  mineralogists  under  the  namo  of 
aluminUe^  which  occurs  at  Halle  on  the  river  Saal,  and  at  New  haven  in 
Sussex;  and  Berzelius  says  the  same  compound  falls  when  ammonia  is 
added  to  a  solution  of  the  tersulphate.  It  is  msoluble  in  water,  and  by  heat 
is  first  rendered  anhydrous,  and  then  its  acfd  is  expelled,  leaving  purs 
alumina.  The  composition  given  in  the  table  is  firom  an  ansJysis  of  akimi- 
nite  from  both  its  localities  bv  Stromeyer. 

Sulphate  of  Protoxide  of  Manganeoe, — ^Tbis  salt  is  best  obtained  by  dis- 
solving  pure  carbonate  of  manganese  in  moderately  dilute  sulphuric  acid, 
and  setting  the  solution  aside  to  crystallize  by  spontaneous  evaporation. 
Tlie  crystals  are  transparent,  and  of  a  slight  rose  tint,  in  taste  resembling 
Glauber^s  salt,  and  occur  in  fiat  rhombic  prisms.  It  b  insoluble  in  alcohol, 
but  dissolves  in  twice  and  a  half  its  weight  of  cold  water.  If  the  heat  is 
gradually  applied,  it  may  be  increased  to  redness  without  expelling  any  of 
the  acid. 

Sulphatee  of  the  Oxideo  of  Iron. — Sulphate  of  the  protoxide,  commonly 
called  green  vitriol,  b  formed  by  the  action  of  dilulo  sulphuric  acid  on 
metallic  iron  (page  162),  or  by  exposing  protosulphuret  of  iron  in  firagments 
to  the  combined  agency  of  air  and  mobture.  The  salt  has  a  strong  styptic, 
inky  taste.  Though  neutral  in  composition,  being  composed  of  one  equiva- 
lent of  each  element,  it  reddens  the  vegetable  blue  colours^  It  is  insoluble 
in  alcohol,  but  soluble  in  two  parts  of  odd,  and  in  three-fourths  of  its  weight 
of  boiling  water.  It  occurs  in  right  rhombic  prisms,  which  are  trans- 
parent, and  of  a  pale  green  tint ;  but  when  its  water  of  crystallization  b 
expelled,  it  is  of  a  dirty  whiio  colour.  This  salt  b  employed  in  the  manu- 
fiicture  of  fuming  sulphuric  acid.  (Page  194.) 

The  terndphate  of  the  eeoquioxide  is  formed  by  mixing  with  a  solution  of 
the  protosulpnate  exactly  half  as  much  sulphuric  acid  as  that  salt  contains, 
and  adding  to  the  mixture  in  a  boiling  state  successive  portions  of  nitric 
add  until  nitrous  acid  fumes  cease  ta appear.  The  solution  is  then  evapora- 
ted to  dryness  to  expel  the  excess  of  nitrie  acid,  and  the  tersulphate  remains 
as  a  white  salt  Afler  beine  strongly  heated  it  dissolves  slowly  in  water ; 
but  if  evaporated  at  a  genw  beat,  it  is  deliquescent,  and  very  soluble  in 
water  and  aloohc^,  but  insoluble  in  strong  sulphuric  acid.  At  a  red  heat  it 
fives  out  all  its  acid,  and  sesquioxide  of  iron  is  left  Its  solution  in  water 
las  an  orange  colour,  which  b  yellow  when  much  diluted. 

The  dituiphate  of  the  eeoquioxide  falb  as  a  hydrate  of  an,ochreou8  colour, 
when  a  solution  of  the  protosulphate  is  kept  in  an  open  vessel. 

Sulphate  of  Protoxide  of  Zinc. — ^Thb  salt,  frequently  called  white  mtriol, 
b  the  residue  of  the  process  for  forming  hydrogen  gas  by  the  action  of  dilute 
sulphuric  acid  on  metallic  zinc ;  but  it  is  also  made,  for  the  purposes  of  com- 
merce, by  roasting  native  sulphuret  of  zinc.  It  crystallizes  by  spontaneous 
evaporation  in  transparent  flattened  four-sided  prisms,  referable  to  a  right 
rhombic  prism,  and  isomorphous  with  Epsom  salt    The  crystals  dissolve  in 


r: 


two  ptrta  and  a  half  of  eoU,  and  are  attll  mora  aoloUe  in  boUin|^  water. 
Tba  taato  of  this  aalt  is  atitngly  ^trptic  It  reddana  T^etefala  bine  eokND% 
thonrb  in  oompoaition  it  is  a  strielly  neotral  aalt 

aSipkaU  of  FrwUxidt  tf  NiekeL^Thm  aalt,  UJce  the  aaita  of  nickal  in 
caneral,  is  of  a  green  colour,  and  crritaUiaBa  from  its  aolntion  in  pure  watar 
a  right  rhoaabio  prisma  exactly  simAar  to  the  primary  form  of  the  aulpbates 
of  sine  and  roagnaaia.  If  an  exoeea  of  sulphuric  acid  is  preaent,  the  cryatab 
are  aqnare  priama,  which,  aocardin^  to  Meaars.  R.  PhiUipe  and  Cooper,  ooft> 
tain  rather  less  water  and  more  aeid  than  the  preceding;  though  the  differ- 
anee  is  not  so  great  aa  to  indicate  a  difierent  atomie  oonatitnlioa.  (Annnk 
of  Philosophy,  zzii.  439.  Dr.  Thomson  says  he  analysed  both  kinds^  mM»d 
tend  their  oompoaitian  identioaL  It  ir  arable  in  ahoot  three  ttmea  itn 
wmght  of  water  at  60^  F. 

Alph0U  tf  PrUoxidB  a/  CofteZt— When  protoxide  of  oofaalt  is  digeatnd 
in  dilute  sulphuric  acid,  a  red  solution  is  formed,  which  by  etaporation  da* 
paaitea  crystals  of  the  same  colour.  Mitacherlicii  haa  ahown  that  tlie  crya- 
tala  are  identical  in  oompoaition  with  aulphate  of  protoxide  of  iron ;  and  Mr. 
Brooke*s  measuremenii  prove  theae  sails  to  be  isomorphous.  (An.  of  PhiL 
N.  S.  tL  130.)  They  are  inaoloble  in  alcohol,  and  dissolve  in  about  34  paxta 
of  cold  water. 

TnrwlpkaU  tf  Sufuwxide  of  CJbroamnnw— This  salt  majr  be  ihnned  by 
aatnratiog  dilots  sulphuric  acid  with  hydraled  aeaquioxide  of  ohromiom;  hot 
it  has  not  been  obtained  in  crystals. 

SuipkaUa  of  tAs  Oxides  of  C<yiper.---8ulphate  of  the  red  oxide  of  copper 
haa  not  been  obtained  in  a  separate  stats.  The  sulphate  of  the  bkck,  or 
protoxide,  Uus  vilrtsl,  employed  by  eurgcona  aa  an  eaeharotio  and  astringent, 
nay  be  prepared  bjr  roasting  the  native  aophuret;  but  it  is  m«e  genenUy 
made  by  directly  diaaolvingthe  protoxide  in  dilute  sulphuric  acid,  and  erya- 
tallising  by  evaporation.  This  salt  forms  regular  crystala  of  a  Uue  cdoar, 
reddens  litmus  paper,  and  b  aoluble  in  about  four  of  cold,  and  in  two  parte 
of  boiling  water.    It  is  isomorphous  with  sulphate  of  protoxide  of  mno- 


When  pore  potassa  u  added  te  a  aolution  of  the  aulphate  of  protoxide  of 
copper  in  a  quantity  insufficient  for  separating  the  whole  of  the  acid,  a  pale 
Uuish-grecn  precipitate,  the  disnlphate,  is  thrown  dovm. 

Sulphate  or  protoxide  of  copper  and  ammonia  is  ^renerated  by  dropping 
pure  ammonia  into  a  solution  of  the  sulphate,  until  the  sob-salt  at  first 
thrown  down  ts  nearly  all  dissolyed.  It  forms  a  dark  blue  aolution,  from 
which,  when  concentrated,  oryatals  are  depoaited  by  the  addition  of  aloohoL 
It  may  he  formed  also  by  rubbing  briakly  in  a  morter  two  parte  of  cryatel- 
liaed  solphate  of  protoxide  of  copper  with  three  parte  of  carbonate  of  aoa- 
monia,  until  the  mixture  acquires  a  uniform  deep  blue  cdonr.  Carbonic 
add  gas  is  disengaged  with  efferveacence  during  the  operation,  and  the  mass 
becomes  moist,  owing  to  tbe  water  of  the  blue  vitriol  being  set  free. 

This  compound,  which  is  the  ommomarot  of  copper  of  the  Pharmaoopmia, 
conteins  sulphuric  acid,  protoxide  of  copper,  and  ammonia;  but  ite  preeise 
nature  has  not  been  determined  in  a  satufactory  manner.  It  parte  gradual- 
ly with  ammonia  by  expooore  to  the  air. 

Smlphateo  of  the  Oxtdeo  of  Mercury. — ^When  two  parte  of  mercury  are 
gently  heated  in  three  parte  of  strong  sulphuric  acid,  so  ss  to  canae  slow 
effervesconoe,  a  sulphate  of  the  protoxide  of  mercury  is  generated.  Bat  if 
a  str^ong  heat  is  employed  in  such  a  manner  aa  to  excite  brisk  effervescence, 
and  the  mixture  is  brought  to  dryness,  a  bisulphate  of  the  peroxide  results, 
both  being  anhydrooa.  (Donovan  in  An.  of  PhtL  xiv.)  When  this  bianl- 
phato,  whioh  is  the  salt  eropk>yed  in  making  corroaive  sublimate,  ia  thrown 
into  hot  water,  decoropoaition  ensues,  and  a  yellow  aub-aalt,  formerly  called 
tmrpeih  mineral,  subsides.  This  salt  is  said  by  Phillipa  to  consist  of  three 
equivalente  of  acid  and  four  of  the  peroxide.  The  hot  water  reteins  some  ol 
the  bisalphate  in  solution,  together  with  free  sulphuric  acid. 

Sulphote  of  Oxide  of  SUier. — ^As  this  salt  is  rather  sparingly  soluble  in 
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water,  it  may,  be  finrmed  by  doable  decompoeitioii  fW>ni  coneentrated  sola- 
tioDS  of  nitrate  of  oxide  of  Bilyer  and  sulphate  of  soda.  It  may  also  be  pro- 
cared  by  dissolving*  silver  in  solpburic  acid  which  contains  about  a  tenth 
part  of  nitric  acid,  or  b^  boiling  silver  in  an  equal  weight  of  concentrated 
sulphuric  acid.  It  reqaves  about  80  times  its  weight  of  hot  water  for  sola- 
tion,  and  the  greater  part  is  deposited  in  small  needles  on  cooling.  By  slow 
evaporation  from  a  solution  containing  a  little  nitric  acid,  M itscherlich  ob- 
tained it  in  the  form  of  a  rhombic  octohedron,  the  angles  of  which  are  al- 
most identical  with  those  of  anhydrous  sulphate  of  soda.  Seleniate  of  oxide 
of  silver  is  isomorphous  with  the  sulphate. 

Sulphate  of  oxide  of  silver  forms  with  ammonia  a  doable  salt,  which  cjjb- 
tallizes  in  rectangular  prisms,  the  solid  angles  and  lateral  edges  of  which 
are  commonly  recced  by  tangent  planes.  It  consists  of  one  equivalent  of 
oxide  of  silver,  one  of  acid,  and  two  of  ammonia ;  and  it  is  formed  by  die- 
eolving  sulphate  of  oxide  of  silver  in  a  hot  concentrated  solution  of  ammonia, 
from  which  on  cooling  the  crystals  are  deposited.  This  salt  is  isomorphous 
with  a  double  chromate  and  seleniate  of  oxide  of  silver  and  ammonia,  which 
have  a  similar  constitution,  and  are  formed  in  the  same  manner.  (Mitscher> 
lich  in  An.  de  Ch.  et  de  Ph.  zxzviii.  €2.) 

DOUBLE  SULPHATEa 

Sulphate  of  Soda  and  lAme, — ^This  compound,  the  Glauberite  of  minera- 
logistB,  occurs  in  very  flat  oblique  rhombic  prisms.  Berthier  prepared  it  hf 
rasing  together  sulphate  of  soda  with  sulphate  of  lime  in  the  ratio  of  their 
eqoivalents.  Sulphate  of  soda,  fbsed  in  similar  proportions  with  the  sul- 
phates of  msgnesia,  baryta,  and  oxide  of  lead,  gives  analogous  compounds.  In 
these  instances,  however,  the  affinity  is  so  fiscble,  that  it  is  overcome  by  the 
mere  action  of  water.     (An.  de  Ch.  et  de  Ph.  xxxviiL  255.) 

Sulphate  of  Petaeoa  and  Magneoia, — On  mixing  solutions  of  these  salts 
in  atomic  proportion,  the  double  salt  is  formed  either  by  spontaneous  evapora- 
tion or  on  cooling  from  a  hot  rather  eoncentrated  solution.  The  crystals 
are  prismatic,  but  of  a  complicated  form,  derived  from  an  oblique  rhombic 
prisnK  (Brooke.)  A  similar  double  salt,  isomorphous  with  the  preceding, 
IB  fbnaed  by  substituting  ammonia  for  potassa.  Their  composition  is  given 
in  the  Ubie  (page  436). 

Similar  pairs  of  double  salts  may  be  formed  with  the  protoxides  of  man- 
ganese, iron«  zinc,  cobalt^  and  nickel.  These  salts  have  the  same  form  and 
composition  as  the  corresponding  salt  of  magnesia. 

Alum^ — ^I'his  well  known  su^tanoe  is  a  double  sulphate  of  potassa  and 
alumina,  whieh  crystallizes  with  great  facility  fW>m  a  solution  containing  its 
elements.  It  is  prepared  in  this  country  from  alum-slate,  an  argillaceooa 
slatj  rock  highly  charged  with  pyrites:  on  roasting  this  rock  the  sulphoret 
of  iron  is  oxidized,  the  resulting  sulphuric  acid  unites  with  alumina  and 
potassa  present  in  the  slate,  and  the  alum  is  dissolved  out  by  water.  By 
tVequent  crystallization  it  is  purified  from  the  oxide  of  iron,  which  obstinate- 
ly adheres  to  it  In  Italy  it  is  prepared  from  alum-otone^  which  occurs  at 
Tolfa  near  Rome,  and  in  most  volcanic  districts,  being  formed  apparently  by 
the  action  of  sulphurous'' acid  vapours  on  felspatic  ro^.  The  materials  of 
the  alum  exist  in  the  stone  ready  formed ;  and  they  are  extracted  by  gently 
beating  the  rock,  exposing  it  for  a  time  to  the  air,  and  lixiviation.  The 
alum  from  this  source  has  been  long  prized,  in  consequence  of  being  quite 
free  from  iron.  In  both  of  these  processes  the  alkali  contained  in  the  alum- 
rock  is  inadequate  for  uniting  with  the  sulphate  of  alumina  which  is  obtain- 
ed, and  hence  a  salt  of  potassa  must  be  added. 

Alum  has  a  sweetish  astringent  taste,  and  reddens  litmus  paper.  It  ia 
•oluUe  in  five  parts  of  water  at  60^  *  and  in  little  more  than  its  own  weight 


*  The  solubility  of  alum  in  cold  water  is  probably  not  so  great  as  is  here 
mentioned.  Berzelius  stotes  it  to  be  soluble  in  about  eighteen  parts  of  cold 
water,  and  Thenard  in  between  fourteen  and  fifleen  parts.-*£a . 
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of  boiliiig  w%t«r.  It  erjiteniaM  rmdily  In  odohedrona,  er  in  Mgiie&li  oT 
Um  octohedron,  and  the  cryBtala  ooDUin  almoal  50  per  cent  of  water  of  crfa* 
tallimtion.  On  beinr  ezpoaed  to  beat,  they  froth  op  remarkably,  and  put 
with  all  the  water,  Mrming  anbydrona  alam,  the  Mmmem  Uthtm  of  the 
Pharmacopoeia.    At  a  fbll  red  heat  the  alomina  ia  deprived  of  ita  acid. 

Alum  ia  employed  in  the  formation  of  a  apontaneoaaly  ii^mmaUe  mix* 
tore  long  known  under  the  name  of  Hunberg^B  pynphonu.  It  is  made  by 
mizittg  equal  wei^ta  of  alum  and  brown  sugfar,  and  stirring  the  maaa  ofc* 
the  fire  in  an  iron  or  other  oenvenient  veaael  till  quite  dry :  it  ia  then  pat  into 
n  glaaa  tube  or  bottle,  and  heated  to  moderate  redneaa  witnont  eipoaure  to  tbe 
air,  until  inflammable  gaa  oeaaes  to  be  evolved.  A  more  convenient  mix- 
ture ia  made  with  three  parte  of  lampblack,  four  of  burned  alum,  and  eight 
of  carbonate  of  potaaaa.  When  the  pyrophorua  u  well  made,  it  apeedily  W 
oonea  hot  on  expoaure  to  the  air,  takes  fire,  and  bums  like  tinder ;  but  the 
experiment  frequently  iaila  irom  the  difficulty  of  regulating  the  temperature. 
From  aome  recent  experiments  by  GayLuaaac,  it  appeen  that  the  eaaential 
ingredient  of  Homberg'a  py  ropbonis  ia  aulphuret  of  potaasium  in  a  state  oT 
minntB  division.  The  charcoal  and  alumina  act  only  by  being  medianicBlly 
interposed  between  ita  particles ;  but  when  the  maaa  once  kindles,  tbe  char- 
coal takea  fire  and  continuea  the  combustion.  He  finds  that  an  excellent 
pyrophorua  is  made  by  mixing  97  parte  of  aulphate  of  potaaaa  with  15  parts 
or  calcined  lampblack,  and  heating  tbe  mixture  to  redneaa  in  a  commoa 
Heasian  crueiUe,  of  couive  excluding  the  air  at  the  aame  time.  (An.  de  Ch. 
el  de  Ph.  xxzvii.  415.) 

Alum,  having  exactly  the  aame  fiirm,  compoaition,  appearance,  and  taste 
ee  the  aalt  iust  described,  may  be  made  with  ammonia,  the  aulphate  of  which 
nplaoea  aulphate  of  potaaaa.  It  b  met  with  occaaioiially  aa  a  natural  pro- 
duct, and  may  be  prepared  by  evaporating  a  acrfution  of  aulphate  of  ammonin 
with  tersulphate  of  alumina. 

A  Boda  alum  may  also  be  prepared,  similar  in  form  and  eompoailioB  to  the 
preceding  aluma,  except  that  it  containa  twenty-aix  equivalenta  of  wator. 
(Benelius.)    This  salt  ia  dispoaed  to  efiloreace  in  the  air. 

J^en  Akun, — By  mixinff  aulphate  of  potaaaa  with  teraolphate  of  aeaqni- 
oxide  of  iron,  and  czystaUizing  by  apoutaneous  evaporation,  crystala  are  ab> 
tained  aimilar  to  common  alum  in  form,  colour,  foate,  and  compoaition.  This 
■alt  has  often  a  pink  tint,  but  u  sometimes  quite  coloorless.  A  similar 
doable  salt,  quite  coloorleaa,  may  be  made  with  ammonia  instead  of  potasea. 
In  both  theae  aluma  the  alumina  ia  simply  replaced  by  an  equivalent  qoan* 
tity  of  peroxide  of  iron. 

CArome  Alum9.^-The  tenulphate  of  aeaqoioxide  of  chromium  fonna  with 
the  sulphates  of  potaaaa  and  ammonia  double  salts  which  are  exactly  aimilnr 
in  fiirm  and  compoaition  to  the  preceding  varietiea  of  alum.  They  appenr 
black  by  reflected,  but  ruby.red  by  tnnamitted  light 

JMan^ese  Alum^ — ^Mitacherlich  obtained  thia  salt  by  mixing  a  aolntion 
of  tersulphate  of  sesquioxide  of  nianganeae  with  sulphate  of  potaaaa,  and  eva- 
porating to  the  consistence  of  syrup  by  a  very  genUe  heat  On  cooling, 
octohedral  crystala  of  a  brownish-violet  colour  were  depoaitDd,  which  were 
similar  in  compoaition  to  common  alum.  The  teraulphate  need  fiv  the  pur- 
poae  ia  prepared  by  maeeratin^  aesquioxide  of  manganeae  in  very  fine 
powder  with  strong  anlphurie  acid :  it  is  made  with  dimculty,  owing  to  the 
indiepoaition  of  that  oxide  to  unite  with  acids,  and  to  ito  ready  converaioB  by 
heat  into  aulphate  of  the  protoxide. 

Anhfdfnm  Sidpkat€9  wiik  itmrnome^— Roae  baa  obaerved  that  aome  enL 
phates  poaaeaa  the  property  of  abaorbing  ammonia,  and  of  forming  with  it 
definite  compounds,  which  differ  flxim  smphatea  of  ammonia  prepared  in  the 
moiat  way,  both  fav  oentahfiing  no  water  of  orystalltzatioo,and  by  the  fiieility 
with  which  the  alkali  ia  again  given  out  Tbey  are  foraaed  by  placing  tM 
anhydrous  sulphate  in  a  glaas  t  Jbe,  and  transmittuig  over  it  at  oommoa  tain- 
peratnrea  ammoniaoal  gaa,  well  dried  by  ftwed  potaan,  aa  kog  aa  any  increaae 
of  weight  ia  oboenredi  aome  anlphatea  abaorb  the  gae  very  rapidly  nt  fiiet, 
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Md  with  diMDgafftmmt  of  heat ;  bat  the  abMr]Hkm  ifterwards  beeom^ 
and  reqnirefl  a  day  or  two  in  orderto  be  complete.  The  aalta  most  remark- 
able for  thla  property  are  those  which,  in  eolation,  are  dispoeed  to  wiite  with 
ammonia^— Sulphate  of  protoxide  of  copper  greedily  abeorbs  ammonia,  and 
acquires  a  deep  blue  colour  similar  to  the  ammoniaret  of  copper,  prepared 
with  moisture;  but  the  former  .compound  consists  of  two  eq.  of  sulphate  of 
protoxide  of  copper  and  five  eq.  of  ammonia,  while  the  latter  contains  one 
eq.  of  sulphate  of  copper,  two  of  ammonia,  and  one  equivalent  of  water.  Sul- 
phate of  protoxide  of  cobalt,  as  well  as  that  of  nickel,  unites  with  three  equiv- 
aknts  of  ammonia;  that  of  zinc  with  9.5,  and  that  of  manganese  with  two 
equivalents.  The  latter  when  heated  loses  all  its  ammonia,  and  returns  to 
its  original  condition ;  whereas  most  of  the  other  ammoniaco^ulphates  sufier 
partial  decomposition  at  the  same  time.  Sulphate  of  oxide  of  silver  unites 
with  one  equivalent  of  ammonia;  and  a  similar  compound  was  prepared  by 
C.  6.  Mitscherlich,  but  with  two  equivalents  of  ammonia.  With  most  of  the 
other  anhydrous  sulphates  ammonia  refuses  to  unite. 

On  considering  the  nature  of  these  compounds,  one  is  at  first  disposed  to 
awociate  them  with  double  salts,  supposing  the  acid  to  be  divided  between 
the  two  bases.  But  this  opinion  is  render^  unlikely  by  the  large  quantity 
of  combined  ammonia,  by  the  &cility  with  which  the  alkali  is  given  oflT,  and 
bv  the  absence  of  water,  so  constanUy  present  in  other  ammoniacal  sulphates. 
Rose,  with  much  plausibility,  compares  these  compounds  to  hydrates:  water 
acts  as  a  feeble  base  to  salme  compounds,  combining  with  some  in  one  or 
more  proportions,  and  not  at  all  with  others,  difiering  greatly  in  the  ratio  in 
which  it  combines  with  difierent  salts,  and  being  abandoned  with  great  &- 
cility,  often  by  mere  exposure  to  the  air.  The  same  features  characterize  the 
combinations  of  ammonia  with  the  anhydrous  sulphates.  (Pog.  Annalen,  xz. 
149.) 

The  sulphates  are  not  the  only  salts  which  absorb  ammonia.  Rose  found 
that  the  nitrate  of  oxide  of  silver  unites  with  three  equivalents  of  ammonia, 
and  the  gas,  if  freely  supplied,  is  at  first  absorbed  with  such  rapidity,  and  the 
corresponding  increase  of  temperature  is  so  great,  that  the  salt  enters  into 
fusion.  Heat  expels  the  ammonia  before  the  nitrate  of  oxide  of  silver  u  de- 
composed. A  similar  compound,  but  with  less  ammonia,  was  formed  by  C 
Mitscherlich. 

SULPHITES. 

The  salts  of  sulphurous  acid  have  not  hitherto  been  minutely  examined. 
The  sulphites  of  potsssa,  soda,  and  ammonia,  which  are  made  by  neutralizing 
those  alkalies  with  sulphurous  acid,  are  soluble  in  water,  but  most  of  the 
other  sulphites,  so  fiu  as  is  known,  are  of  sparing  solubility.  The  sulphites 
of  baryta,  strontia,  and  lime  are  very  insoluble;  and  consequently  the  solu- 
ble salts  of  tliese  earths  decompose  the  alkaline  sulphites. 

The  stronger  acids,  such  as  the  sulphuric,  hydrochloric,  phosphoric,  and 
arsenic  acids,  decompose  all  the  sulplutes  with  effervescence,  owing  to  the 
escape  of  sulphurous  acid,  which  may  easily  be  recognized  by  its  odour. 
Nitric  acid,  by  yielding  ox  vgen,  converts  the  sulphites  into  sulphates. 

When  the  sulphites  of  the  fixed  alkalies  and  alkaline  earths  are  strongly 
heated  in  dose  vessels,  a  sulphate  is  generated,  and  a  portion  of  sulphur  su- 
blimed. In  open  vessels  at  a  high  temperature  they  absorb  oxygen,  and  are 
converted  into  sulphates;  and  a  similar  change  takes  place  even  in  the  cold, 
especially  when  they  are  in  solution.  Gay-Lussac  has  remarked,  that  a 
neutral  sulphite  always  forms  a  neutral  sulphate  when  its  acid  is  oxidized;  a 
fact  from  which  it  may  be  inferred,  that  neutral  sulphites  consist  of  one 
equivalent  of  the  acid  and  one  equivalent  of  the  base. 

The  kyposulpbates  and  hyposulphites  are  of  such  little  practical  impor- 
tance, that  it  is  unnecessary  to  describe  individual  salts !  their  general  char- 
acter has  ben  already  given.  (Page  197*)    For  a  particular  description  of 
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the  bypMolphatet,  the  reader  is  referred  Co  an  emy  hj  0r.  Heertn.     (Aik 
deCb.etdePh.xL30.) 

NITRATES. 

The  nitratei  may  be  prepared  by  the  action  of  nitric  acid  on  metals,  on 
the  salifiable  bases  themsekes,  or  on  carbonates.  As  nitric  acid  forms  solaUe 
salts  with  all  alkaline  bases,  the  acid  of  the  nitrates  cannot  be  precipitmted 
by  any  rca|^nt  Tbey  are  readily  distinguished  from  other  salts,  however, 
by  the  characters  already  described.     (Page  184.) 

All  the  nitrates  are  decomposed  without  exception  by  a  high  temperafore  ; 
but  the  changes  which  ensue  are  modified  by  the  nature  of  the  oxide.  Nl- 
trate  of  oxide  of  palladium  is  decomposed  at  such  a  moderate  temperature, 
that  a  great  part  of  the  acid  passes  off  unchanged.  Nitrate  of  oxide  of  lead 
requires  a  red  heat,  by  which  it  is  resolved,  as  already  mentioned  Cpage  180), 
into  oxygen  and  nitrous  acid.  In  some  instances  the  changes  are  more 
complicated.  With  nitre,  for  example,  nitrite  of  potassa  is  at  first  genera- 
ted, with  escape  of  oxygen  gas :  as  the  heat  increases,  the  nitrous  acid^  is 
resolved  into  binoxide  ox  nitrogen  and  oxygen,  the  former  of  which  remains 
in  combination  with  potassa ;  the  binoxide  is  then  resolved  into  protoxide  of 
nitrogen  and  oxygen,  the  former  being  retained  by  the  alkali ;  and,  lastly, 
nitrogen  gns  is  disenga^,  and  peroxide  of  potaasium  remains.  If  the 
operation  is  performed  m  an  earthen  vessel,  the  peroxide  will  be  more  or 
less  decomposed,  in  consequence  of  the  aflBnhy  of  the  earthy  substances  for 
potassa.  The  preceding  facts  have  been  chiefly  collected  from  the  obser- 
vations  of  Phillips  and  Berzelius.  The  tendency  of  potassa  and  soda  to 
unite  with  protoxide  of  nitrogen  was  first  observed  by  Davy ;  and  M.  Heas 
has  lately  remarked  that  similar  compounds  are  obtained  with  soda,  baryta, 
and  lime,  as  well  as  potassa,  when  their  nitrates  are  heated,  until  the  disen- 
gaged gas  is  found  to  extinguish  a  light 

As  the  nitrates  are  easily  decomposed  by  heat  alone,  they  must  neoessari- 
ly  suffer  decomposition  by  the  united  agency  of  heat  and  combustible  matter. 
The  nitrates  on  this  account  are  much  employed  as  oxidizing  agents,  and 
frequently  act  with  greater  efficacy  e^en  than  nitro-hydrochloric  acid.  Thus 
metallic  titanium,  which  resists  the  action  of  these  acids,  combines  with 
oxygon  when  heated  with  nitre.  The  efficiency  of  this  salt,  which  is  the 
nitrate  usually  employed  for  the  purpose,  depends  not  only  on  the  affinity 
of  the  combustible  for  oxygen,  but  likewise  on  that  of  the  oxidised  body  lor 
potatea.  The  process  for  oxidizing  substances  by  means  of  nitre  is  called 
deflagration^  and  is  generally  performed  by  mixing  the  inflammable  body 
with  an  equal  weight  of  the  nitrate,  and  projecting  the  mixture  In  small 
portions  at  a  time  mto  a  red-hot  crucible. 

All  the  neutral  nitrates  of  the  fixed  alkalies  and  alkaline  earths,  together 
with  most  of  the  neutral  nitrates  of  the  common  metals,  are  composed  of 
one  equivalent  of  nitric  acid,  and  one  equivalent  of  a  protoxide.  Consequent- 
]y,  the  oxygen  of  the  oxide  and  acid  in  all  such  salts  must  be  in  the  ratio  of 

1  to  5,  the  general  formula  being  M-f-  N 

The  only  nitrates  found  native  arc  those  of  potassa,  soda,  lime,  and  mag- 
nesia. 

The  composition  of  the  principal  nitrates  is  exhibited  in  the  following 
table. — 

Base.  Acid.  Equiv.  Formnls. 

.      47.i5  1  eq.  +  54.15  1  eq.slUl.3        K  ^n! 

31.3    1  eq.+54.15  1  eq.»  85.45    Na+N.' 

.     17.15  1  eq.+54.15  1  eq.=  713    H«N-f  N." 

Do  in  prisms  with  9  or  1  eq.  of  water     .    .      s  80.3 


Nitrate  of  lime 
— — —  magnetia 
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Formule. 
Ba+N* 
Sr+N. 

Ca+N! 

%+n: 

Cu+n1 


mTIUTBS. 

Namea.  Base.  Acid.  Eqniv. 

Nitrate  of  bary to    .    .       76.7    1  eq.+ 5415  1  eq,= 130.85 

BtroDtia  .    .      51.8    1  eq.+5415  1  eq.=105.95 

Do.  in  prianiB  with  45  or  5  eq.  of  water    .    .   sb150'95 
28.5    1  eq.+54.15  1  eq.B=  82.65 
20.7    leq.+54.15  leq.:=  74.85 
protoz.  copper  39.6    leq.+54.15  1  eq.B  93.75 
Do.  in  priams  with  63  or  7eq.  of  water     .    >=  156.75 
Nitrate  of  protoz.  lead    .    111.6  1  6q.+54.15  leq.^  165.75 
Dinitrate  of  ditto    .        .  223.2  2eq.+54.15  leq.s277.35 
Nitrate  of  protoz.  mercury  210    1  eq.4-54.l5  1  eq.ci264.15 
Do.incr7stal8withl8or2eq.  ofwator    .    =282.15 
Nitrate  of  peroz.  mercury  218    1  eq.+54.15  1  eq.s272.15 
Dinitrate  of  ditto     .         436    2  eq.4-54.15  1  eq.»490.15 
Nitrate  of  oz.Bilver    .       116    1  eq4.54J5  1  eq.»  170.15 

NUrate  of  Pota99a. — ^This  salt  is  gfenerated  spontaneously  in  the  soil,  and 
crystallizes  upon  its  surface,  in  several  parts  of  the  world,  and  especially  in 
the  "Eaai  Indies,  whence  the  greater  part  of  the  nitre  used  in  Britain  is  de- 
rived. In  some  parte  of  the  continent,  it  is  prepared  artificially  from  a  mix- 
ture of  common  nrnold  or  porous  calcareous  earth  with  animal  and  vegete- 
ble  remains  conteiuing  nitrogen.  When  a  heap  of  these  materials,  preserved 
moist  and  in  a  shady  situation,  is  moderatefy  ezposed  to  the  air,  nitric  acid 
is  gradually  generated,  and  unites  with  the  potassa,  lime,  and  magnesia, 
which  are  commonly  present  in  the  mixture.  On  dissolving  these  wdts  in 
water,  and  precipiteting  the  two  earths  by  carbonate  of  potassa,  a  solution 
is  formed,  which  yields  crystals  of  nitre  by  evaporation.  The  nitric  acid  is 
probably  generated  under  these  circumstences  by  the  nitrogen  of  the  organic 
matters  combining  during  putrefaction  with  ozvgen  of  Uie  atmosphero,  a 
change  which  must  be  attributed  to  the  affinity  of  oxygen  for  nitrogen,  aided 
by  that  of  nitric  acid  for  alkaline  bases.  The  nitre  made  in  France  is  often 
said  to  be  formed  by" this  process ;  but  the  greater  part  is  certainly  obte^ped 
by  lixiviation  from  certein  kinds  of  plaster  of  old  houses,  where  nitrate  of 
lime  is  gradually  generated. 

Nitrate  of  potassa  is  a  colourless  salt,  which  crystallizes  readily  in  six-sided 

frisms.  Ite  taste  is  saline,  accompanied  with  an  impression  of  coolness. 
I  requires  for  solution  seven  parte  of  water  at  60^,  and  ite  own  weight  of 
boiling  water.  It  conteins  no  water  of  crystallization,  but  ite  crystals  are 
never  quite  free  from  water  lodged  mechamcally  within  them.  At  616°  it 
undergoes  the  igneous  fusion,  and  like  all  the  nitrates  is  decomposed  by  a 
red  heat 

Nitre  is  chiefly  employed  in  chemistry  as  an  oxidizing  agent,  and  in  the 
formation  of  nitric  acid.  Ite  chief  use  in  the  arte  is  in  making  gunpowder, 
which  is  a  mixture  of  nitre,  charcoal,  and  sulphur.    In  the  East  Indies  it  is 

38 


Pb+N. 
2Pb+.N! 
Hg+N! 

Hg+N.' 

2Hg+N.' 

Ag+N. 
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employed  for  the  prepantion  of  oooling  mixtiirei :— «ii  oaaea  of  powdered 
nitre  dinolved  in  five  ounces  of  water  reduces  its  temperature  by  fifteen  de- 
S^rees.  It  possesses  powerful  antiseptic  properties,  and  is,  therabre,  modi 
employed  in  the  preservation  of  meat  and  animal  matters  in  generaL 

Nitrate  of  fiboo. — ^This  salt  is  analogous  in  its  chemical  properties  to  Om 
preceding  compound.  It  sometimes  crystallizes  in  oblique  rhombic  prisma; 
but  it  more  commonly  occurs  as  an  obtuse  rhombohedron,  wfaidi  is  its  prima., 
ry  form.  (Mr.  Brooke.)  It  is  plentifiiUy  found  in  the  soil  in  some  parts  of 
India;  and  at  Atacama  in  Peru  it  covers  lar^  districts,  and  ooenrs  in  im- 
mense quantity.  With  charcoal  and  sulphur  it  forms  a  mixture  which  bunm 
much  slower  than  common  gunpowder,  and,  therefore,  camwt  be  substituted 
fiir  nitre ;  but  it  may  be  advantageously  used  in  the  mana&ctnre  both  of 
sulphuric  and  nitric  acid.  It  is  disposed  to  deliquesce  in  the  air,  and  is 
soluble  in  twice  its  weight  of  cold  water,  and  still  more  freely  by  the  aid 
of  heat 

I9Urate  of  ^mmoniaw-«Nitrate  of  ammonia  may  be  formed  by  neutraiic 
.  i^  dilute  nitric  acid  by  carbonate  of  ammonia,  and  evaporating  the  sola- 
tion.  This  salt  may  be  procured  in  three  different  states,  which  have  been 
described  by  Sir  H.  Davy.  (Researches  concerning  the  Nitrous  Oxide.)  If 
the  evaporation  is  conducted  at  a  temperature  not  exoeedinff  100^,  the  salt  is 
obtained  in  prismatic  crystals  which  contain  one  equivafent  of  water.  If 
the  solution  is  evaporated  at  212^,  fibrous  crystals  are  procured ;  and  if  the 
heat  be  gradually  increased  to  300^,  it  forms  a  brittle  compact  mass  on  eooL 
ing.  The  fibrous  and  compact  varieties  still  contain  water,  the  fi>rmer  SJ2 
per  cent,  and  the  latter  5.7.  All  these  varieties  deliquesce  in  a  moist  air,  and 
are  very  soluble  in  water. 

The  change  which  nitrate  of  ammonia  undergoes  at  a  temperature  vary- 
ing between  400^  and  50(K>  has  already  been  explained.  (Page  174.)  When 
heated  to  600^,  it  explodes  with  violence,  being  resolved  inttr  water,  nitroon 
acid,  binoxide  of  nitrogen,  and  nitrogen.  The  fibrous  variety  vras  found  by 
Davy  to  yield  the  largest  quantity  of  protoxide  of  nitrogen.  From  one 
pound  of  this  salt  he  procured  nearly  three  cubic  feet  of  me  gas. 

Nitrate  of  Baryta, — This  salt  is  sometimes  used  as  a  reagent  and  for  pre- 
paring pure  barvta.  It  is  easily  prepared  by  digesting  the  native  carbonate, 
reduced  to  powder,  in  nitric  acid  diluted  with  8  or  10  times  its  weight  of 
water.  The  salt  crystallizes  readily  by  evaporation  in  transparent  anhy. 
drous  octohedrons,  and  is  very  apt  to  decrepitate  by  heat  unless  previouslv 
reduced  to  powder.  It  requires  12  parts  of  water  at  6(P  and  3  or  4  of  boiL 
ing^  water  for  solution,  but  is  insoluble  in  aloohoL  It  undergoes  the  igneous 
fusion  in  the  fire  before  being  decomposed. 

NitraU  of  Strontia,—Thia  salt  may  be  made  from  strontianite  in  the  same 
manner  as  the  forep^oing  compound,  to  which  it  is  exceedingly  analogous.  It 
commonly  crystallizes  m  anhydrous  octohedrons  which  undergo  no  change 
in  a  moderately  dry  atmosphere,  and  are  insoluble  in  alcohol;  but  sometimes 
it  contains  30  per  cent,  of  water  of  crystallization,  and  then  assumes  the  form 
of  a  prism  with  ten  sides  and  two  summits. 

Nitratee  of  Lime  and  Magnesia, — ^These  salts  crystallize  in  hydrated  prisms 
when  their  solutions  are  concentrated  to  the  consistence  of  syrup,  but  the 
quantity  of  water  which  they  contain  is  not  ascertained.  They  deliquesce 
rapidly  in  the  air,  are  very  soluble  in  water,  and  are  dissolved  by  alcoholt 
the  nitrate  of  lime  more  freely  than  nitrate  of  magnesia. 

Nitrate  of  Protoxide  of  CMjper.— This  salt  is  prepared  by  the  action  of 
n^ric  acid  on  copper.  (Page  176.)  It  crystallizes,  though  with  some  difficnl- 
ty,  in  prisms  of  a  deep  blue  colour,  which  are  very  soluble  in  water  and  al- 
cohol, and  deliquesce  on  exposure  to  the  air.  The  green  insoluble  subsalt, 
procured  by  exposing  the  neutral  nitrate  to  a  heat  of  400°,  or  hj  dropping  an 
alkali  into  a  solution  of  that  salt,  the  latter  beinr  in  excess,  is  a  trinitrate, 
consisting  of  three  eq.  of  oxide  of  copper,  one  eq.  of  acid,  and  one  eq.  of  water. 
When  heated  to  redness  it  yields  pore  oxide  of  copper. 

Nitarte  of  Protoxide  of  Lead, — ^This  salt  is  formed  by  digeeting  litharge 
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ia  dih&te  mtiic  acid,  and  cryatallizes  readily  in  octohedrona,  which  are  an- 
hydrous and  ahnost  always  opaque.  It  has  an  acid  reaction,  but  is  neutral 
in  composition.  ^ 

A  dimtraU  was  formed  by  Beraelius  by  addingf  to  a  solution  of  the  neutral 
nitrate,  a  quantity  of  pure  ammonia  insufficient  for  separatingr  the  whole  of 
the  acid. 

Nitrata  •/  the  Oxidea  ef  Mercury 4 — The  nroUmiiraie  is  conveniently  form- 
ed by  digesting  mercury  in  nitric  acid  diluted  with  three  or  four  parts  «f 
water,  until  the  acid  is  saturated,  and  then  allowing  the  solution  to  evaporate 
spontaneously  in  an  open  vesseL  The  solution  always  contains  at  first  some 
mtrate  of  the  peroxide,  but  if  metallic  mercury  is  lefl  in  the  liquid,  a  pure 
protonitrate  is  gradually  deposited.  The  salt  thus  formed  has  hitherto  been 
regarded  as  the  neutral  protonitrate;  but  according  to  the  analysis  of  M.C. 
Mitscherlich  (Poff.  Anniden,  ix.  387),  it  is  a  subsalti  in  which  the  protoxide 
and  acid  are  in  the  ratio  of  206  to  36.  This  result^  however,  requires  con- 
firmation.  The  neutral  protonitrate  is  said  by  C.  Mitscherlich  to  be  obtain- 
ed in  crystals,  by  dissolving  the  former  salt  in  pure  water  acidulated  with 
nitric  acid,  anid  evaporating  spontaneously  without  the  contact  of  metallic 
mercury  or  uncombined  oxide.  These  salts  dissolve  completely  in  water 
dightly  acidulated  with  nitric  acid,  but  in  pure  water  a  small  quantity  of  a 
yeUow  subsalt  is  generated. 

When  mercury  is  heated  in  an  excess  of  strong  nitric  add,  it  is  dissolved 
with  brisk  effervescence,  owing  to  the  escape  of  binoxide  of  nitrogen,  and 
transparent  prismatic  crystals  of  the  pemitrate  are  deposited  as  the  solution 
cools.  When  put  into  hot  water  it  is  resolved  into  a  soluble  salt,  the  compo- 
sition of  which  is  unfaiown,  and  into  a  yellow  dinitrate  of  the  peroxide.  (An. 
de  Ch.  et  de  Phys.  xix.) 

Nitrate  of  Oxide  of  Silver. — Silver  is  readily  oxidized  and  dissolved  by 
nitric  acid  diluted  with  two  or  three  times  its  weight  of  water,  forming  a  so- 
lution which  yields  transparent  tabukr  crystals  by  evaporation.  These  crys- 
tals, which  are  anhydrous,  undergo  the  igneous  fusion  at  426^,  and  yield  a 
crystalline  mass  in  oooling;  but  when  the  temperature  reaches  600°  or  700^, 
complete  decomposition  ensues,  the  acid  being  resolved  into  oxygen  and 
nitrous  acid,  while  metallic  silver  is  left  When  liquefied  by  heat,  and  re- 
ceived in  small  cylindrical  moulds,  it  forms  the  lajrit  infemalie  or  lunar  eaus^ 
fie,  employed  by  surgeons  as  a  cautery.  The  nitric  acid  appears  to  be  the 
agent  which  destroys  the  animal  texture,  and  the  black  stain  is  owing  to  the 
separation  of  oxide  of  silver.  It  is  sometimes  employed  for  giving  a  black 
colour  to  the  hair,  and  is  the  basis  of  the  indelible  ink  for  marking  linen. 

The  pure  nitrate,  whether  fused  or  in  crystals,  is  colourless  and  transpa- 
rent, and  does  not  deliquesce  by  exposure  to  the  air;  but  common  lunar 
caustic  is  dark  and  opaque,  and  dissolves  imperfectly  in  water,  owing  to 
some  of  the  nitrate  being  decomposed  during  its  preparation.  It  is  impure 
also,  always  containing  nitrate  of  protoxide  of  copper,  and  frequently  traces 
of  gold.  Tlie  pure  salt  is  soluble  in  its  own  weight  of  cold,  and  in  half  its 
weight  of  hot  water.  It  dissolves  also  in  four  times  its  weight  of  alcohol. 
Its  aqueous  solution,  if  preserved  in  clean  glass  vessels,  undergoes  little  or 
no  change  even  in  the  direct  solar  rays;  but  when  exposed  to  light,  especial, 
ly  to  sunshine,  in  contact  with  paper,  the  skin,  or  any  organic  substance,  a 
black  stain  is  quickly  produced,  owing  to  decomposition  of  the  salt  and  re- 
duction of  its  oxide  to  the  metallic  state.  This  change  is  so  constant,  that 
nitrate  of  oxide  of  silver  constitutes  an  extremely  delicate  test  of  the  presence 
of  organic  matter,  and  has  been  properly  recommended  as  such  by  Dr. 
Davy.  Its  solution  is  always  kept  in  the  laboratory  as  a  test  for  chlorine  and 
hydrochloric  acid. 

Nitrate  of  oxide  of  silver,  even  afler  fusion,  reddens  vegetable  colouring 
matters;  hot  it  is  quite  neutral  in  composition. 
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little  iM  known  with  certainty  oonoeming  the  oomponndi  of  nitroos  acid 
with  alkalioe  baBM.  Nitriio  of  potatsa  ia  formed  hy  heating  nitre  to  redoeaa, 
and  removing  it  from  the  fire  before  the  decomposition  b  complete.  On  Bidd- 
ing a  atrang  acid  to  the  product,  red  fumes  of  nitrons  acid  are.  disengaged, 
a  character  which  is  common  to  all  the  nitrites.  The  nitrite  of  soda,  baiyta, 
and  strontia,  may  be  obtained  in  the  same  manner,  and  doubtless  seTeral 
others.  -Two  nitrites  of  oxide  of  lead  have  been  described  in  the  Annaies  de 
CUmie,  IzxziiL  by  Chevreul  and  Berzelins.  It  is  poasiUe,  however,  titat 
these  compounds  are  hyponitritcs. 

CHLORATEa 

The  salts  of  chloric  acid  are  very  analogous  to  the  nitrates.  As  the  chlo- 
rates of  the  alkalies,  alkaline  earths,  and  most  of  the  common  metals  are 
composed  of  one  equivalent  of  chloric  acid  and  one  equivalent  of  a  protoxide, 

M^.C1,  it  follows  that  the  oxygen  of  the  former  to  that  of  the  Utter  is  in  tlie 
ratio  of  1  to  5.  The  chlorates  are  decomposed  by  a  red  heat,  nearly  aU  of 
them  being  converted  into  metallic  chlorides,  with  evolution  of  pure  oxygen 
gas.  They  deflagrate  with  inflammable  substances  with  greater  yioimoe 
than  nitrates,  yielding  oxygen  with  such  facility  that  an  explosion  is  pro- 
duced by  alight  causes.  Thus,  a  mixture  of  sulphur  with  three  times  its  weight 
of  chlorate  of  potassa  explodes  when  struck  between  two  hard  surfiu^s. 
With  charcoal  and  the  sulphurets  of  arsenic  and  antimony,  this  salt  forma 
similar  explosive  mixtures;  and  with  phosphorus  it  detonates  violently  by 
percussion.  One  of  the  mixtures,  employed  in  the  percussion  locks  for  gona, 
consists  of  sulphur  and  chlorate  of  potassa,  with  which  a  little  charcoal  or 
gunpowder  is  mixed ;  but  as  the  use  of  these  materials  is  found  jxirrosive  to 
the  lock,  fulminating  mercury  is  now  generallv  preferred. 

All  the  chlorates  hitherto  examined  are  soluble  in  water,  excepting  the 
chlorate  of  protoxide  of  mercury,  which  is  of  sparing  solubility,  lliese  salts 
are  distinguished  by  tlie  action  of  strong  hydrochloric  and  sulphuric  acids, 
the  former  of  which  occasions  the  disengafferaent  of  chlorine  and  protoxide 
of  chlorine,  and  the  latter  of  peroxide  of  chlorine. 

None  of  the  chlorates  are  found  native,  and  the  only  ones  that  require  par- 
ticular description  are  those  of  potassa  and  baryta. 

CMoraie  of  Poiassa, — This  salt,  formerly  called  oxymuruae  or  hyperoxy- 
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60^,  and  in  two  and  a  half  of  boiling  water.  It  is  quite  anhydrous,  and  when 
exposed  to  a  temperature  of  400°  or  500°  undergoes  the  igneous  fusion.  On 
increasing  the  heat  almost  to  redness,  effervescence  ensues,  and  pure  oxygen 
gas  is  disengaged,  phenomena  which  have  been  explained  in  the  section  on 
oxygen.    It  can  bear  a  beat  of  660°  without  decomposition. 

Cnlorato  of  potassa  is  made  by  transmitting  chlorine  gas  through  a  con- 
oentrated  solution  of  pure  potassa,  until  the  alkali  is  completely  neutraliied. 
The  solution,  which,  afler  being  boiled  for  a  few  minutes,  contains  nothing 
but  chloride  of  potassium  and  chlorate  of  poUssa  (page  2U),  is  gently  evapo- 
rated  till  a  pellicle  forms  upon  its  surface,  and  is  then  allowed  to  cool.  The 
greater  part  of  the  chlorate  crystallizes,  while  the  chloride  remains  in  solu- 
tion. The  crystals,  afler  being  washed  with  odd  water,  may  be  purified  by 
a  second  crystallization. 

Chlorate  of  Banfta  is  of  Interest,  as  being  the  compound  employed  in  the 
formation  of  chloric  acid;  and  the  readiest  mode  of  preparing  it  is  by  the 
process  of  Mr.  Wheeler.  On  digesting  for  a  few  minutes  a  concentrated 
solution  of  chlorate  of  potassa  with  a  slight  excess  of  silicated  hydrofluoric 
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Mid,  the  alkali  is  precipitated  in  the  form  of  an  insoluble  double  flooride  of 
ailictum  and  potassium,  while  chloric  acid  remains  in  solution.  The  liquid 
after  filtration  is  neutralized  by  carbonate  of  baryta,  which  throws  down  the 
excess  of  siiicated  hydrofluoric  acid,  and  chlorate  of  barjrta  is  left  in  solution. 
By  evaporation  it  yields  prismatic  crystals,  which  require  for  solution  4  times 
their  weight  of  cold,  and  a  still  smaller  quantity  of  hot  water.  They  are 
composed  of  76.7  parts  or  one  eq.  of  baryta,  75.42  or  one  eq.  of  chloric  acid, 
and  9  or  one  eq.  of  water. 
PerehIoraU9. — ^The  neutral  protosalts  of  perchloric  acid  consist  of  one 

equivalent  of  acid  and  bate,  as  is  expressed  by  the  formula  M-f-Cl.  Most  of 
these  salts  are  deliquescent,  very  soluble  in  water,  and  soluble  in  alcohol; 
four  only  were  found  by  SeruUas  to  be  not  deliquescent, — the  perchlorates  of 
potassa,  ammonia,  protoxide  of  lead,  and  protoxide  of  mercury.  When  heat- 
ed to  redness  they  yield  oxygen  gas  and  metallic  chlorides ;  and  they  are 
distinguished  from  the  chlorates  by  not  acquiring  a  yellow  tint  on  the  addi- 
tion  of  hydrochloric  acid.  The  perchlorate  of  potassa  is  prepared  fi'om  the 
chlorate  by  the  action  of  heat  and  sulphuric  acid,  as  already  mentioned.  (Page 
S18.)  It  is  the  most  insoluble  of  the  perchlorates,  and  on  this  account  per- 
chloric acid  precipitates  potassa  from  its  salts,  being  a  test  of  about  the  same 
delicacy  as  tartaric  acid.  The  other  perchlorates  are  made  by  neutraliz- 
ing the  base  with  perchloric  acid.  The  solubility  in  alcohol  of  the  per- 
chlorates of  baryta,  soda«  and  oxide  of  silver,  is  a  property  which  the  analy- 
tical chemist  may  avail  himself  of  in  analysis  for  the  separation  of  potassa 
and  soda  from  each  other. 

lODATES. 

From  the  close  analogy  in  the  composition  of  chloric  and  iodic  acids,  it 
follows  that  the  general  character  of  the  iodates  must  be  similar  to  that  of 
the  chlorates.  Thus  in  all  neutral  protiodates  the  oxygen  contained  in 
the  oxide  and  abid  is  in  the  ratio  of  1  to  5.  They  form  deflagrating  mix- 
tures  with  combustible  matters ;  and  On  being  heated  to  low  redness,  oxygen 
gas  is  disengaged  and  a  n^etallic  iodide  remains.  As  the  affinity  of  iodine 
for  metals  w  less  energetic  than  that  of  chlorine,  many  of  the  iodates  part 
with  iodine  as  weU  as  oxygen  when  heated,  especially  if  a  high  temperature 
is  employed. 

The  iodates  are  easilv  recognized  by  the  facility  with  which  their  acid  is 
decomposed  by  deoxidizing  agents.  Thus,  the  sulphurous,  phosphorous, 
hydrochloric,  and  hydriodic  acids,  deprive  iodic  acid  of  its  oxygen,  and  set 
iodine  at  liberty.  Hydroeulphuric  acid  abo  decomposes  the  acid  of  these 
salts ;  and  hence  an  iodate  of  potassa  may  be  converted  into  the  iodide  of 
potassium  by  transmitting  a  current  of  hydroeulphuric  acid  gas  through  its 
solution. 

None  of  the  iodates  have  been  found  native.  They  are  all  of  very  sparing 
solubility,  or  actually  insoluble  in  water,  excepting  tlie  iodates  of  the  alkalies. 

Iodate  of  Potassa, — ^This  salt  may  be  procured  by  adding  iodine  to  a  con- 
centrated hot  solution  of  pure  potassa,  until  the  alkali  is  completely  neutral- 
ized.  The  liquid,  which  contains  an  iodate  and  iodide  (page  227),  is  evaporat- 
ed to  dryness  by  a  gentle  heat,  and  the  residue,  when  cold,  is  treated  by 
repeated  portions  of  boiling  alcohol.  The  iodate,  which  is  insoluble  in  tliat 
menstruum,  is  left,  while  the  iodide  of  potassium  is  dissolved.  A  better 
process  has  been  recommended  by  M.  Henry,  jun.,  founded  on  the  property 
which  iodide  of  potassium  possesses,  of  absorbmg  oxygen  while  in  the  act 
of  escape  from  decomposing  chlorate  of  potassa.  For  this  purpose  iodide  of 
potassium  is  fused  in  a  capacious  Hessian  crucible,  and  when,  af\er  removal 
from  the  fire,  it  is  yet  semi-fluid,  successive  portions  of  pulverized  chlorate  of 
potassa  are  projected  into  it,  stirring  well  afler  each  addition.  The  materials 
troth  up  considerably,  and  when  the  action  is  o?er,  a  white,  opaque,  cellular 
I  remains,  easily  separable  from  the  crucible:  tepid  water  dissolves  out 
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the  chloride  of  potaiaiain,  and  leaves  the  iodate.  Canvenient  proporUonB  are 
one  part  of  iodide  of  pottMtum  and  rather  more  than  one  and  a  half  of  chlorate 
of  potaaaa.  (Joum.  de  Pharmacie,  July,  1832.) 

All  the  insoluble  iodates  may  be  procured  from  this  salt  by  double  decom- 

Csition.  Thus  iodate  of  baryta  may  be  foraaed  by  mixin||r  chloride  of 
riam  with  a  solution  of  iodate  of  potassa. 

A  biniodate  of  potassa  has  been  described  by  Serollas.  It  is  formed  by 
incompletely  neutralizing  a  hot  solution  of  chloride  of  iodine  with  potaMB. 
or  its  carbonate,  and  setting  it  aside  to  cool.  A  peculiar  compound  of  chloiride 
of  potassium  and  biniodate  of  potassa  ^is;  but  on  dissolving  this  sobstance, 
filtering  and  exposing  the  s<rfution  to  a  temperature  of  77^,  the  biniodate  im 
rraduaily  deposited  in  right  rhombic  prisms  terminated  by  dihedral  summits. 
It  is  soluble  in  75  times  its  weight  of  water  at  59^. 

A  teriodate  may  be  formed  by  mixing  a  large  excess  of  sdlphnric  acid 
with  a  moderately  dilute  solution  of  iodate  of  potassa.  On  evaporating  at 
77^,  the  teriodate  is  deposited  in  regular  rhomboidal  crystals,  which  require 
25  times  their  weight  of  water  at  60°  for  solution. 

SeniUas  states  that  the  compound  of  chloride  of  potassium  and  biniodate 
of  potassa,  above  mentioned,  may  he  formed  by  the  action  of  hydrochloric 
acid  on  iodate  of  potassa.  By  spontaneous  evaporation  it  is  obtained,  some- 
times in  brilliant,  transparent,  elongated  prisms,  snd  at  other  times  in  hexa- 
Snal  lamins;  but  generally  it  crystallizes  in  right  quadrangular  prisms  with 
eir  lateral  edges  truncated,  and  terminated  by  four-sided  summits.  (An.  de 
Ch.  et  de  Ph.  xTiii.  113.) 

Bromates, — ^These  compounds  have  may  characters  common  with  the 
chlorates  and  iodates;  but  hitherto  they  have  been  but  partially  examined. 

PHOSPHATES. 

In  studying  these  salts,  the  reader  must  bear  in  mind  that  there^are  three 
isomeric  modifications  of  the  same  acid,  which  have  been  described  under 
the  name*  of  phosphorie^  pyrophMphmie^  and  wneUphotphorie  acid  (page  202); 
and,  therefore,  it  will  be  necessary  to  have  three  corresponding  families  of 
salts,  the  phoBphateM,  pyropho$phaU9t  and  metap/w9phate9.  This  distinction, 
and  the  other  facts  lately  recorded  by  Mr.  Graham,  render  it  necessary 
either  to  change  the  names  of  the  phosphates  or  to  retain  their  old  names 
in  opposition  to  the  principles  of  nomenclature.  The  most  consistent  con* 
duct  will  be  to  describe  each  salt  under  its  scientific  name,  and  add  at  the 
same  time  iti  ordinary  one.  An  equivalent  of  each  of  the  three  acids,  is  a 
compound  of  31.4  parts  or  two  eq.  of  phosphorus -f.  40  parts  or  five  eq.  of 


oxygen  as  71.4,  expressed  by  the  formula  P^  To  form  a  salt  neuiral  in  t 
jMsilton,  one  equivalent  of  an  alkaline  base  is  requisite;  and  in  the  case  Of 

any  protoxide,  indicated  by  M,  the  general  formula  will  be  M+P^  If  two 
equivalents  of  a  protoxide  are  united  with  one  of  the  acid,  we  have  a  disoft, 

2M4.P;  and  if  three  eq.  of  a  base  combine  with  one  eq.  of  the  acid,  it  is  a 

irUaU,  3M-f-P^  It  seems  also  that  water  plays  the  part  of  an  alkaline  base 
towards  each  of  the  three  acids,  either  alone  or  conjointly  with  another  base : 
the  salts  with  such  compound  bases  can  scarcely  be  viewed  in  the  light  of 
double  salts  (psge  434) ;  since  the  two  bases  act  together  as  one  electro-posi- 
tive element. 

All  the  protophosphates  which  are  neutral  in  composition,  are  soluble  in 
water,  and  redden  litmus  paper;  whence  they  are  commonly  called  super- 
phosphates. The  triphosphates,  except  those  of  the  pure  alkalies,  are  either 
sparingly  soluble  or  insoluble  in  water ;  but  they  are  all  dissolved  by  dilute 
mtric  or  phosphoric  acid,  being  converted  into  the  soluble  phosphates.  AH 
*ne  triphosphates  with  fixed  and  strong  bases  bear  a  red  heat  without  change; 
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bot  the  phosphates  and  diphosphates,  to  jadg^  from  experimeDts  on  the  soda 
salts,  are  converted  into  mctaphosphiites  and  pyrophosphates.  Most  of  the 
•  phosphates  of  the  second  class  of  metals  are  resolved  into  phosphurets  by 
the  conjoint  agency  of  heat  and  combustible  matter.  The  phosphates  of  the 
alkalies  are  only  partially  decomposed  under  these  circumstances,  and  the 
phosphates  of  baryta,  strontia,  and  lime  undergo  no  change. 

The  presence  of  a  soluble  phosphate  may  be  distinguished  by  the  tests 
already  mentioned  (page  303)  for  phosphoric  acid.  The  insoluble  phosphates 
are  decomposed  when  boiled  with  a  strong  solution  of  carbonate  of  potassa 
or  soda ;  the  acid  uniting  with  the  alkali  so  as  to  form  a  soluble  phosphate: 
the  earthy  phosphates,  indeed,  are  decomposed  with  difficulty,  requiring  con- 
tinned  ebullition,  and  should  preferably  be  fused  with  an  alkaline  carbonate, 
like  an  insoluUe  sulphate. 

Several  phosphates  are  met  with  in  nature,  such  as  those  of  lime,  alumina, 
and  the  oxides  of  manganese,  iron,  uranium,  Qopper,  and  lead. 

The  composition  of  the  principal  phosphates  is  given  in  the  following 
table:— 

Names.  Base.  Acid.  Equiv.      Formnle. 

Triphosphate  of  soda       .         93.9    3eq.    4.71.4  leq.s=  165.3    3Na+P^ 
Da  in  crystals  with  216  or  24  eq.  of  water      .     ^=381.3 

Triphosph.soda  and?  Soda     62.6     2eq.?,-,  .,  -.,       N«sii_LP* 

basic  water..      5W«ter     9       1  e^.5+^1-^  ^  «1-=1^       Na«H+P. 

Do.        in  crystals  With    216  or  24  eq.  of  water    .    «359 
Do.  126  or  14  eq.  of  water    .    =269 

Acidtriphos.8oda     {Soda    31.3      1  eq.  i    ,  71  a  i  ^     ion?    v«Hb_i_*p' 
and  basic  water  \  Water  18         2  e^.  <  +^^'^  ^  eq.- 120.7    NaHi+ P. 

Do.    in  crystals  with      18      or  2  eq.  of  water    .    —  13a7 
Triphosphate  of  potassa        141.45  3eq.     +714  leq.-212.85       3k+p! 

Diphosphate        do  94.3     2eq.     +71.4  1  cq.=165.7         2k+p! 

Phosphate  do  47.15    1  eq.     +71.4  leq. =11 8.55         K+p! 

Do.        incrysUls  with  18or3eq.ofwater    .    .    =136.55 

Phosphate  of  soda  7  Soda        31.3      1  eq.?    .  ^t ,.  1  1  in  ocxr'  n^Ta  /*i* 

and  ammonia    U«nmon.l7.15    1  ^J  +71.4  leq.=119.85NaH»N+P. 

Do.        in  crystals  with  90  or  10  eq.  of  water    .     =209.85 

Diphosphate  of  ammonia      34.3     2  eq.      +  71.4  1  eq.= 105.7    2H»N +Pl 
Do.        in  crystals  with  27  or    3  eq.  of  water    .      =132.7 

Phosphate  of  ammonia         17.15    1  eq.     +71.4  1  cq.=8a55      H>N+JP! 
Do.        in  crystals  with  27  or  3  eq.  of  water     .     =115.55 

Bone  phosphate  of  lime        228  8eq,  +214J2  3eq.=442ia  8Ca+3K 

Triphosphate         do.    .85.5  3eq.  +  71.4  1  eq.= 156.9  3Ca+]p! 

Diphosphate          do.    .      57  2cq,  +  7U  leq.= 128.4  2Ca+P. 

Phosphate             do.    .      28.§  1  eq.  +  714  1  cq.=  99.9  Ca+p! 
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The  triphosphate  of  baryta,  stroDtia,  protoxides  of  manganeae,  iron,  copper, 
lead,  silver,  &c.  precisely  correspond  to  the  triphosphate  of  lime,  simply  sub- 
stituting three  equivalents  of  those  oxides.  These  oxides  in  Uka  manner 
form  soluble  phosphates  analogous  in  composition  to  that  of  lime. 

JHpkoipkaU  of  Soda, — ^This  salt,  lately  described  by  Mr.  Graham  as  the 
9uh»e9ipiiphoBphait^  is  made  b^  adding  pure  soda  to  a  solution  of  the  suc- 
ceeding compound  until  the  hquid  feds  soapy  to  the  fingers,  an  excess  of 
•oda  not  being  injurious.  The  liquid  is  then  evaporated  until  a  pelicle  ap- 
pears, snd  the  crystals  which  form  on  cooling  are  quickly  rediasolved  m 
water  and  recrystollized.  Though  the  crystals  do  not  change  in  the  ^ir^ 
the  solution  absorbs  carbonic  acui,  and  the  resulting  carbonate  of  soda  ad- 
heres to  the  triphosphate. 

This  salt  crystallizes  in  colourless  six-sided  slender  prisms,  which  have  « 
strong  alkaline  taste  and  reaction,  require  5  times  their  weight  of  water  at 
60<3,  and  still  less  of  hot  water,  for  solution,  and  at  170^  fuse  in  their  water 
of  crystallisation.  They  may  be  exposed  to  a  red  heat  without  losing  the 
characters  of  a  phosphate.  The  feeblest  acids  deprive  the  salt  of  one-third 
of  its  soda. 

When  this  salt  is  mixed  in  solution  with  nitrate  of  oxide  of  silver  in  ex- 
cess, there  is  an  exact  interchange  of  elements,  such  that 

1  eq.  triphosphate  of  soda    3Na4^  .^   1  eq.  triphosphate  of  silver  3Ag-|-P 

.V.  3  .       .v. 

and  3  eq.  nitrate  of  silver    3(Ag-|-N)   ^  and  3  eq.  nitrate  of  soda  3(Na+N). 

The  resulting  solution  is,  therefore,  quite  neutrat  The  triphosphate  of 
oxide  of  lead,  and  other  insoluble  triphosphates,  may  be  prepared  in  like 
manner. 

TrifhMjIhaU  sf  Soda  and  Banc  Waterr-TKiB  salt  is  the  most  common 
of  the  phosphates,  being  manufactured  on  a  large  scale  by  neutralizing  with 
carbonate  of  soda  the  acid  phosphate  of  lime  procured  by  the  action  of  sul- 
phuric acid  on  burned  bones  (page  198).  It  is  generally  described  as  the 
neutral  phosphate  of  soda,  and  for  distinction's  sake  is  sometimes  termed 
rkambU  phoopkaU,  from  its  crystals  having  the  form'  of  oblique  rhombic 
prisms. 

This  salt  crystallizes  best  out  of  an  alkaline  solution;  but  however  pre- 
pared, it  is  always  alkaline  to  test  paper,  and  requires  a  considerable  quan- 
tity of  acid  before  losing  its  alkalinity.  The  crystals  effloresce  on  ex. 
posure  to  the  air,  and  require  four  times  their  weight  of  cold,  and  twice 
their  weight  of  hot  water  for  solution.  It  oflcn  contains  traces  of  sulphuric 
acid,  from  which  it  may  be  purified  bv  repeated  solution  and  cnrstalliiatioo. 
When  mixed  with  nitrate  of  oxide  of^  silver,  the  interchange  of  elements  is 
such  that 

1  eq.  rhombic  i^osphate     NasH^-P^^   1  eq.  triphosp.  of  silver      3Ag4-P. 

and  3  eq.  nitrate  of  silver  3(  Ag  -f.  N.)    ^  and  2  eq.  nitrate  of  soda  2(Ka  4.  N). 

The  yellow  triphosphate  of  oxide  of  silver  falls  exactly  as  with  the  former 
salt,  but  one  equivalent  of  nitric  acid  is  left  free  in  the  solution. 

When  a  solution  of  the  rhombic  phosphate  is  evaporated  at  a  temperature 
of  90^,  it  crysUlHzes  with  14  instead  of  24  equivalento  of  water,  and  the 
crystals  differ,  as  might  be  expected,  from  the  other  salt  in  figure,  and  are 
permanent  in  the  air.  Both  salts  lose  their  basic  water  at  a  red  heat,  and 
are  converted  into  a  pyrophosphate. 

Acid  Tripho$phate  of  Soda  and  H^ofer^— This  salt,  commonly  called  Upkoo- 
photo  of  so^  from  its  acid  reaction,  may  be  formed  by  adding  phosphoric  acid 
to  a  solution  of  carbonate  of  soda,  or  to  either  of  the  preceding  phosphates, 
ontil  itceases  to  give  a  precipitate  with  chloride  of  barium.  Being  very  soluble 
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in  water,  the  flolution  must  be  concentrated  i^  order  that  it  may  crystallize. 
This  salt  is  capable  ofyielding  two  different  kinds  of  crystals  without  vary- 
inff  its  composition.  The  more  unusual  form,  isomorphous  with  binarseniate 
ofsoda,  is  a  rig-ht  rhombic  prbm,  the  smaller  lateral  edge  of  which  is  78^  SC, 
terminated  by  pyramidal  planes.  The  primary  form  of  its  ordinary  crys- 
tals is  a  right  rhombic  prism,  the  larger  angle  of  which  is  93°  54'. 

The  crystals  of  this  salt  consist,  as  stated  at  page  451,  of  NaH'P+2H. 
When  heated  to  212°  the  water  of  crystallization  is  expelled,  and  the  anhy- 
drous salt  remains,  still  yielding  a  yellow  precipitate  with  silver  when  neutral- 
ased  by  ammonia ;  but  if  expos^  to  a  heat  of  400°,  it  loses  half  its  basic  water, 

being  reduced  to  NaHP,  and  has  the  character  of  dipyrophosphate  of  soda*  At 
a  red  heat  it  is  converted  into  metaphosphate  of  soda. 

JViphoBj^U  of  Poittsta. — Mr.  Graham  formed  this  salt  by  adding  caustic 
potassa  in  excess  to  a  solution  of  phosphoric  acid,  as  well  as  by  fusing  phos- 
phoric acid  with  a  slight  excess  of  carbonate  of  potassa.  He  obtains  it  in 
acicular  crystals,  which  were  very  soluble  in  water  but  not  deliquescent 

Diphosphate  of  PoUusa, — ^This  salt  may  be  prepared  by  neutralizing  the 
superphosphate  of  lime  from  bones  with  carbonate  of  potassa.  It  is'^deli- 
quescent,  and  has  not  been  obtained  in  regular  crystals. 

Pkotphate  of  Potasta  may  be  formed  by  adding  phosphoric  acid  to  carbo- 
nate of  potassa  until  the  liquid  ceases  to  give  a  precipitate  with  chloride  of 
barium,  and  setting  it  aside  to  crystallize.  The  primary  form  of  the  crys- 
tals is  an  octohedron  with  a  square  base ;  but  they  usually  occur  in  B(|uare 
prisms  terminated  by  the  planes  of  their  primary  form.  They  are  acid  to 
test  paper. 

When  this  compound  is  neutralized  by  carbonate  of  soda,  and  the  solution 
set  to  crystallize,  a  phosphate  of  soda  and  potassa  is  deposited  in  crystals, 
the  primary  form  of  which  is  an  oblique  rhombic  prism,  which  frequently 
occurs  without  any  modification. 

Phoophate  of  Soda  arid  Amikimia, — This  salt  is  easily  prepared  by  mixing 
together  one  equivalent  of  bydrochlorate  of  ammonia  and  two  equivalents  of 
the  rhombic  phosphate  of  soda,  each  being  previously  dissolved  in  a  small 
quantity  of  boiling  water.  As  the  liquid  cools,  prismatic  crystals  of  the 
double  phosphate  are  deposited,  while  chloride  of  sodium  remains  in  solution. 
Their  primary  form  is  an  oblique  rhombic  prism.  This  salt  has  been  long 
known  by  the  name  of  tnierocoamie  boU,  and  is  much  employed  as  a  flux  in 
experiments  with  the  blowpipe.  When  heated  it  parts  with  its  water  and 
ammonia,  and  a  very  fusible  metaphosphate  of  soda  remains. 

Diphosphate  of  Ammonia, — ^This  salt  is  formed  by  adding  ammonia  to  con- 
centrated phosphoric  acid  until  a  precipitate  appears.  On  applying  heat, 
the  precipitate  is  dissolved,  and  on  abandoning  the  solution  to  itself,  the  neu- 
tral salt  crystallizes.  The  primary  form  of  the  crystals  is  an  oblique  rhom- 
bic prism,  the  smaller  angle  of  which  is  84°  30'.  They  often  occur  in  rhom- 
bic prisms  with  dihedral  summits.  (Mitscherlich.) 

Tiie  phosphate  la  made  in  the  same  manner  as  the  phosphate  of  potassa. 
The  crystals  are  less  soluble  than  the  diphosphate,  and  undergo  no  change  on 
exposure  to  the  air.  Their  primary  form  is  an  octohedron  with  a  square 
base;  bdl  the  right  square  prism,  terminated  by  the  faces  of  the  primary 
form,  is  the  most  frequent 

Phosphates  of  Lime. — The  peculiar  compound  called  the  bone  phosphate, 
exists  in  bones  after  calcination,  and  falls  as  a  gelatinous  precipitate  on  pour- 
ing chloride  of  calcium  into  a  solution  of  the  rhombic  phosphate  of  soda,  or 
on  adding  ammonia  to  a  solution  of  any  phosphate  of  lime  in  acids. 

Driphosj^te  of  Lime  cannot  be  formed  by  precipitation,  but  occurs  in 
hexagonal  prisms  in  tlie  mineral  called  avatite. 

Diphosphate  of  Lime,  commonly  called  neutral  phosphate,  foils  as  a  granu- 
lar precipitate,  consisting  of  fine  crystalline  particles,  when  the  rhombic 
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phoiphate  of  soda  b  added  in  adation  drop  by  drop  to  efaloride  of  caldiim  In 
exceas.  The  reaidnal  liqaid  reddena  Utmua,  owing  to  a  amall  quantity  of 
tri^oephate  of  lime  beinr  generated. 

jPhospkitU  of  Lime,  called  the  biphotpKaU  from  iti  acid  reaction,  ia  ianned 
by  diaiolnii|r  either  of  the  precedmif  aalta  in  a  alisffat  ezoeaa  cf  phospbane 
acid.  The  eompoand  ia  deliqtieaceot,  Tery  aolaUe,  and  cryataUizea  witfa 
great  difficulty.  It  eziata  in  the  urine.  The  aolution  formed  by  the  actioo 
of  anlphuric  acid  on  bonea  is  probably  a  compound  of  lime  with  two  or  more 
eqaivaienta  of  phoaphorie  acid,  being  really  a  mperphoepkaU. 

Pimpkatu  a/  JUofiietia.— The  difhotphaU,  3Mg+P^ia  formed  by  mix- 
ing bot  aatnrated  aolotiona  of  the  rhombic  phosphate  of  soda  and  aulph&te 
of  magnesia,  and  aeparalea  on  cooling  in  small  crystals  which  contain  fimr- 
teen  equivalents  of  water  to  one  of  the  anhydrous  salt  The  tripftoapftole  ia 
principally  fiMrmed  when  the  solutions  are  intermixed  in  the  edUL  Tbcee 
Mlta  have  been  but  little  examined. 

The  pkmpkaU  ofammamia  and  magnesia  aubaidea  as  a  pulYemknt  graini- 
lar  precipitate  from  neutral  or  alkaluM  adntiona  cantainiag  phoaphorie  acid, 
ammooia,  and  magnesia.  It  ia  readily  disaolved  by  adda,  and  ia  aparingly 
•oluble  in  pure  water,  eapecially  when  carbonic  acid  ia  preaeni;  but  it  ia  in- 
aoloble  in  a  aolution  of  moat  neutral  aalta,  auch  aa  hydrochlorate  of  ammo- 
nia. It  constitutes  one  variety  of  urinary  oonoretiona.  According  to  Ber- 
'aellua  it  conaiste  of 

Phoaphorie  acid       .  71.4  1  eq.  P. 

MagMaia  41.4  9eq.  SlMg. 

Ammonia       .               .  343  2eq.  2(3H+N). 

Water     ....  90  10  eq.  lOH. 

The  mode  in  which  theae  elements  are  arranged  is  unknown.  When  heat- 
ed to  redness  it  loses  its  water  and  ammonia,  and  the  residue  ia  diphosphate 
of  magnesia,  which  conteins  36.67  per  cent  of  pure  magnesia.  At  a  atrong 
red  heat  it  fuses,  and  appears  when  cold  as  a  white  enamcL 

When  the  materials  iar  forming  the  preceding  salt  are  mixed  while  hot, 
email  acicular  crystals  subside  on  cooling,  which  are  aaid  by  Berzeliua  to 
contain  less  of  the  two  bases  than  the  other  salt 

Phoepkates  of  Protoxide  of  Lead. — The  triphoaphate  is  precipitated  when 
acetate  of  oxide  of  lead  is  mixed  with  a  solution  of  the  rhombic  phosphate  of 
soda,  acetic  acid  being  set  free.  The  diphoephate  is  best  formed  by  adding 
the  rhombic  phosphate  of  soda  gradually  to  a  hot  solution  of  chloride  of  lead 

The  nitrate  should  not  be  used  for  the  purpose,  as  it  combines  with  the 
prccipiUte.  Both  these  phosphates  are  white,  and  are  frequently  formed  at 
the  same  time.  The  diphosphate  fuses  readily  into  a  yellow  bead,  which  in 
cooling  acquires  crystalline  Hiccttes. 

TViphospkate  of  Oxide  of  Silver. — ^This  compound  subsides,  of  a  charactar- 
istic  yellow  colour  (page  203),  when  the  rhombic  phosphate  of  soda  ia  mixed 
in  aolution  with  nitrate  of  oxide  of  silver,  nitric  acid  being  set  free  at  the 
same  time.  It  is  apt  to  rctein  some  of  the  nitrate  in  combination.  Thia  salt 
ia  very  soluble  in  nitric  and  phosphoric  acid,  forming  the  soluble  phosphate, 
and  in  ammonia.  By  exposure  to  light  it  is  speedily  blackened ;  but  when 
protected  from  this  agent,  it  yields  on  drying  an  anhydrous  yellow  powder, 
which  has  a  specific  gravity  of  7.321  (Stromeyer).  Ite  colour  changes  on 
the  application  of  heat  to  a  reddish-brown,  but  ite  original  tint  retoma  ob 
cooIiiHjf.  It  beara  a  red  heat  without  fusion :  at  a  white  heat  it  fuses,  and  if 
kept  for  some  time  in  a  fused  state  a  portion  of  pyrophosphate  la  generated. 
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The  difcovery  of  these  mite  by  Dr.  Clark  has  also  been  mentioned  (pogro 
203).  That  modification  of  phosphoric  acid,  termed  pyropho9phoric  add,  u 
procured  by  forcing  with  the  aid  of  heat  phosphoric  acid  to  combine  with 
two  eqaivafents  either  of  water  or  some  ^ed  base.  The  onl^  pyrophos- 
l^tes  which  have  as  yet  been  studied  are  those  of  soda  and  ozide  of  nlver. 
Thme  salts  are  thus  constituted: — 

Names.  Base.  Acid.  Equiy.      Formnle. 

Dipyrophosphate  of  soda    .    .    62.6  2eq.4.71.4  leq.=sl34  2Na4-P. 

Da      incryBtalswithSOor  lOeq.  ofwater      .      b224 

Add  dipyrophoe.  soda  {  Soda      31.3  1  eq.  ,  -,  .  ,      __,„  -        ii.w_LP 
and  biiiic  water       ^  Water     9     i^^.+'l-^  leq=lH.7       NaH+P. 

^     Pyrophosphate  of  soda       .        31.3  1  eq.  4  71.4  1  eq.^  102.7         Na+P. 

Dipyrophoe.  oxide  of  silTcr    .     232  2eq.4.71.4  1  eq.=s3034       2Ag4.p! 

Dipyrophosphate  of  Soda. — This  is  the  compound  first  prepared  by  Dr.  Clark 
from  the  rhombic  phosphate  (page  203%  by.  expelling  its  bssic  water.  When 
the  residual  mass  is  dissolved  in  water  and  set  to  evaporate,  crystals  are  ob- 
tained, having  the  outline  of  an  irregular  six^ided  prism,  derived  from  a 
rhombic  prism.  These  crystals  are  permanent  in  the  air,  much  less  soluble 
in  water  than  the  original  rhombic  phosphate,  and  quite  neutral  to  test  papers 
Ignited  with  carbonate  of  soda,  a  phosphate  is  reproduced,  because  the  acid 
is  forced  to  unite  with  three  equivalents  of  a  base. 

Dipyrophosphate  of  soda  is  permanent  both  in  crystals  and  in  solution  in 
the  cold;  but  by  long  boiling,  or  quickly  when  boiled  with  an  acid,  a  phoft- 
phate  is  reproduced.  With  a  salt  of  lead  it  yields  a  white  dipyrophosphate 
of  oxide  of  lead;  and  on  washing  the  precipitate  and  decomposing  by  hydro- 
solphnrie  acid  gas,  a  solution  of  pyrophosphoric  acid  is  obtained,  which 
again  Ibrms  dipyrophosphate  of  soda  when  neutralized  with  soda. 

The  oxides  of  most  metals  of  tlie  second  class  yield  with  pyrophosphoric 
aeid  insoluble  or  sparingly  soluble  salts,  which  may  be  prepared  by  double 
decomposition  with  dipyrophosphate  of  soda.  It  should  be  held  in  view,  how- 
ever, as  Stromeyer  has  remarked,  that  most  of  these  salts  are  more  or  less 
flolnble  in  an  excess  of  dipyrophosphate  of  soda;  and  that  some  of  them, . 
ench  as  the  dipyrophosphate  of  the  oxides  of  lead,  copper,  nickel,  cobalt, 
uranium,  bismuth,  manganese,  and  mercury,  are  dissolved  by  it  with  great 
fiu^ility. 

Add  DipyrophoBphaU  of  Soda  and  Water. — ^This  salt  is  formed  by  expo, 
sing,  as  stated  at  page  453,  the  acid  triphosphate  to  a  heat  of  400^,  when  it 
loses  one  half  of  its  basic  water,  and  acquires  the  character  of  a  pyrophosphate. 
This  salt  dissolves  readily  in  water,  has  an  acid  reaction,  and  has  not  been 
obtained  in  crystals. 

Pyrophosphate  o/Swia.— When  the  preceding  salt,  NaH+P,  is  heated  to 

600^  or  a  little  higher,  it  loses  its  basic  vniter,  and  yet  the  acid  dbes  not 
lose  the  character  of  pyrophosphoric  acid.    It  is  left,  therefore,  as  a  simple 

pyrophosphate  of  soda,  Na-f-P*  On  adding  water,  part  of  it  dissolves,  and 
part  is  left  as  an  insoluble  white  powder.  The  solution  is  quite  neutral  to 
test  paper,  but  on  adding  nitrate  of  oxide  of  silver,  the  dipyrophosphate  of 
that  oxide  fiUIs,  and  free  nitric  acid  remains  in  solution.  The  soluble  and 
insalttble  pyrophosphate  of  soda  appear'  identical  in  composition;  and  the 
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former  il  a  heat  jntt  short  of  redness  may  he  wholly  oonverted  into  the 
latter. 

Dij^yrofhotpkaU  of  Oxide  of  Silver^— ThiM  salt  is  readily  formed  by  doaUe 
deoomposition  with  dipyrophosphate  of  soda  and  nitrate  of  oxide  of  silver, 
the  residual  liquid  bein&r  quite  neutral  to  test  paper.  It  falls  as  a  snow-white 
mnular  precipitete,  which  fuses  readily  at  a  heat  short  of  tncandesoenos 
mte  a  dark  brown  liquid,  which  becomes  a  crystolline  enamel  on  cooling. 

METAPHOSPHATES. 

The  only  metephoephales  which  have  yet  been  examined,  are  those  of 
soda,  baryta,  and  oxide  of  silver,  which  are  thus  constitnted:— 

Names.  Base.  Acid.  Equiv.  Formolm. 

Ueteptiosphateofsoda    .    .      31.3  1  eq.+71.4    leq.«102.7  Na+R 

Do.  baryta    .    .   76.7  leq.4-71.4    leq.=148.1  Ba+P^ 

Do.  ox-sUver       116     leq.+71.4  leq.=187.4  kg+jl 

Submetephoe.  do.  348    3eq.4.143.8  3eq.==490.8       3Ag+3P. 

Metapkoophote  ofSoda^ — ^When  the  pyrophosphate  or  acid  dipyrophoqihate 
of  soda  is  heated  to  low  redness,  it  fuses,  and  on  cooling  becomes  a  trail*- 
parent  glass,  which  deliquesces  in  a  damp  air,  and  is  very  solaUe.  The 
solution  has  a  feeUe  acid  reaction.  When  mixed  with  nitrate  of  oxide  of 
ailver,  the  meUphosphate  of  that  oxide  falls  in  gelatinous  flakes,  wholly  an. 
like  the  pyrophosphate,  and  aggregates  together  as  a  soft  solid  when  heated  to 
near  2 ISP.  The  metephosphate  of  soda  does  not  change  by  keeping,  and 
has  not  hitherto  been  made  to  cr^stellize.  When  ite  solution  is  evaporated, 
and  kept  for  some  time  at  400^,  it  is  reconverted  into  the  acid  dif^ropho*. 
phate  of  soda  and  basic  water.  All  the  preceding  facts  are  drawn  from  BIr. 
Graham*s  essay.  (Phil.  Trans.  1833,  Part  ii.) 

MeUtphoophate  of  Baryta  falls  in  gelatinous  flakes  on  addii^  metaphoa- 
phate  of  soda  to  a  solution  of  chloride  of  barium,  the  latter  being  in  excess 
as  the  soda  salt  dissolves  the  precipitate.  By  long  continued  boujog,  meta- 
phosphate  of  baryte  is  at  length  dissolved,  and  at  the  same  time  converted 
into  a  phosphate. 

The  metaphoophaU  of  oilver  is  obtained  by  precipitetion,  as  above  atatad« 
When  put,  while  moiit,  into  boiling  water,  part  of  ite  acid  is  removed,  and 
the  submetaphosphate  is  generated. 

ARSENIATES. 

Arsenic  acid  resembles  the  phosphoric  in  composition  and  in  many  of  ite 
properties,  and  all  the  protarseniates  of  jjieutral  composition  are  represented 

by  the  formula  M-f-As,  the  oxygen  of  the  oxide  and  acid  being  as  1  to  5. 
These  salts,  like  tbe  phosphates,  are  soluble  in  water  and  redden  litmus, 

whence  they  are  commonly  considered  as  bisalt^    The  diarseniates,  3M4. 

As,  In  which  the  oxygen  of  the  base  and  acid  is  as  2  to  5,  are  usually  termed 
neutral  arseniates.  Arsenic  acid  has  a  strong  tendency  to  the  formation  of 
triarseniatca.  Both  these  series  of  subsalt^,  except  those  with  the  alkalies, 
are  of  sparing  solubility  in  water ;  but  they  are  diasolved  by  phosphoric  or 
nitric  acid,  as  well  as  most  acids  which  do  not  precipitete  the  base  of  the 
salt 
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Many  of  the  aneniates  bear  b  red  heat  without  decomposition,  or  being 
otherwise  modified  in  their  characters ;  but  thej  are  all  decomposed  when 
heated  to  redness  along  with  charcoal,  metallic  arsenic  being  set  at  liberty. 
The  arseniates  of  the  fixed  alkalies  and  alkaline  earths  require  a  rather  high 
temperature  for  reduction ;  while  the  arseniates  of  the  second  class  of  metals, 
88  of  load  and  copper,  are  easily  reduced  in  a  glass  tube  by  means  of  a  spirit- 
lamp  without  danger  of  melting  the  glass.  Of  all  the  arseniates  that  of  oxide 
of  lead  is  the  most  insoluble. 

The  soluble  arseniates  are  easily  recognized  by  the  tests  described  in  the 
section  on  arsenic  (page  357);  and  the  insoluble  arseniates,  when  boiled  in 
a  strong  solution  of  the  fixed  alkaline  carbonates,  are  deprived  of  their  acid, 
which  may  then  be  detected  in  the  usual  manner.  The  free  alkali,  however, 
should  first  be  exactly  neutralized  by  pure  nitric  acid. 

The  arseniates  of  lime,  and  of  the  oxides  of  nickel,  cobalt,  copper,  and 
lead,  are  natural  productions. 

The  composition  of  the  principal  arseniates  is  contained  in  tlie  following 
table:— 


Names. 

Triarseniate  of  soda 

Do.        in  crystals  with 

Triarsen.  soda     i  soda 
and  basic  water  \  water 
Do.        in  crystals  with 
Do.      -  in  crystals  with 

Acid  triarsen.  soda?  soda 
and  basic  water    $  water 
Do.        in  crystals  with 

Triarseniate  of  potassa 

Diarseniate        do.    . 

Arseniate  of  potassa 

Do.        in  crystals  with 

Diarseniate  of  ammonia 
Do.        in  crystals  with 

Arseniate  of  ammonia 
Do.        in  crystals  with 


Base. 


Acid. 


£quiv.    Formula. 


93.9       3  eq.  4- 115.4  1  eq.=209.3  3Na+ Aa. 
216  or  24  eq.  of  water       «425.3 


«^6      ?:5;+115.41eq.= 

2i6or24eq.  of  water       i 
126  or  14  eq.  of  water 


=187     Na«H+A8. 

s403 
=313 


31.3 

18  2eq. 

18    or  2eq.  of  water 


l^>1^15.41eq.=164.7  Nalia+Ai! 
=182.7 


Triarseniate  of  baryta 

.    230.1 

Diarscniaie     do.     . 

.    153.4 

Arseniate        do. 

.     76.7 

Triarseniate  of  lime 

.     85.5 

Diarseniate       do. 

.     57 

Aneniato          do. 

.     28.5 

141.45     3  eq.  4. 115.4 1  eq.=256.85  3K+As. 

94.3       2eq.4.115.41eq.=209.7  2k+As'. 

47.15     1  eq.+115.4 1  eq.=162i;5  K+A^ 
18    or  2  eq.  of  water       ss  180.55 

34.3      2eq.4. 115.4  leq.::=:149.7  2H3N+Ab. 
27  or   3  eq.  of  water       =176.7 

17.15    lcq.4-115.41eq.=  l32.55H3N4.A^ 
27  or    3  eq.  of  water       =3  159.55 

3eq.4.115.41eq.==345J>  3Ba+A^. 

2 eq.+ 115.4  1  eq.=268.6  2Ba -f. As'. 

1  eq.  + 115.4  1  eq.«:192.1  Ba  +^^, 

3  eq.+115.4 1  eq.=200.9  3Ca  +  As. 

2eq.4.n5.41eq.r=172.4  2Ca+A8.' 

1  eq. + 115.4 1  eq.sl43.9  Ca  4.  As. 
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Namei,  Bate.            Acid*           Eqniv.    FormnkB. 

Trianeniate  of  protoz.  lead  334^  deq.4.115.4  Ieq.ss450i2    3Pb-f  As. 

Dianeniate           da  233J3   2eq^ll54  leq.»33&6    2PH>Ak 

Trianeniate  of  oz.  ailver    .  348       3eq.+115.4  leqA463.4    SAg+Aai 

Anematf  tfSoda^-The  trianentate  is  made  in  the  saine  manner  as  fri- 
phoephate  of  soda,  with  which  it  is  isomorpbons.  At  60^,  100  parts  of  water 
dissolve  28  of  the  crystals,  and  still  more  by  the  aid  of  heat  At  186^  they 
fuse  in  their  water  of  crystalliiation. 

The  triarseniate  of  soda  and  basic  water  corresponds  precisely  in  form  and 
constitution  with  the  corresponding  phos[^te,  and  like  it  parts  with  its 
last  equivalent  of  water  at  a  red  heat ;  but  does  not,  on  losing  it,  receive  aoj 
change  in  its  characters.  It  is  efflorescent  and  alkaline  to  test  paper,  and 
crystalliies  best  out  of  an  alkaline  solution.  It  is  prepared  byadding  soda 
or  its  carbonate  in  slight  excess  to  a  solution  of  arsenic  acid.  The  salt  with 
foorteen  equivaienU  of  water  coincides  with  the  corresponding  phos{^te. 

The  acid  triarseniate  of  soda  and  basic  water  is  prepared  like  the  corro* 
spending  phosphate. 

The  same  olMervation  applies  to  the  arseniates  of  potaasa  and  ammonia, 
each  having  its  isomorphous  phosphate.  The  triarseniate  of  potaasa  crys- 
tallizes in  needles  and  with  d^culty,  like  the  corresponding  triphosphate. 
The  arseniate  of  potaasa  may  be  formed  by  heating  nitre  to  rednesa  mixed 
with  an  equal  weight  of  arsenious  acid. 

The  double  arseniate  of  potaasa  and  soda  agrees  in  form  and  oompo 
sition  with  the  phosphate  of  those  bases. 

AneniateB  of  Baryta. — ^The  triarseniate  is  best  prepared  by  gradually 
adding  in  solution  triarseniate  of  soda  to  chloride  of  barium  in  exoeaa,  and 
falls  as  a  pulverulent  heavy  precipitate,  which  is  apt  to  contain  a  UtUe  diar- 
seniate  of  baryta  as  well  as  the  soda  salt,  and  should,  therefore,  be  well  wash- 
ed with  boiling  water.  On  adding  chloride  of  barium  to  an  excess  of  triana» 
niate  of  soda,  the  latter  salt  always  falls  with  the  precipitate. 

To  prepare  the  diarseuiate  a  solution  of  the  rhombic  triarseniate  of  soda 
is  added  drop  by  drop  to  chloride  of  barium  in  solution,  wheu  the  diarseniate 
of  baryta  soon  appears  in  white  crystalline  scales,  which  contain  four  equiva- 
lents of  water.  On  reversing  the  process  by  adding  chloride  of  barinm  to 
the  arseniate,  the  precipitate  is  a  mixture  of  the  triarseniate  and  diaraeniate 
of  baryta.  By  the  continued  action  of  hot  water  on  the  diarseniate,  it  is 
partly  changed  into  the  soluble  arseniate  and  insoluble  triarseniate.  The 
soluble  arseniate  is  obtained  by  dissolving  either  of  the  two  former  salts,  in 
a  moist  state,  by  dilute  arsenic  acid. 

Arseniates  of  lAme,— The  three  salts  analogous  to  those  of  baryta  are  ob. 
tained  by  precisely  similar  processes.  The  diarseniate  occurs  in  silky  acico- 
lar  crystals  as  a  rare  mineral  named  pharmaeolUe,  which  contains  six  equiva- 
lents of  water. 

Arseniates  of  Protoxide  of  Xeod.— The  triarseniate  is  formed  by  adding  fai 
solution  acetate  of  oxide  of  lead  gradually  to  an  excess  of  triarseniate  of  soda. 
The  same  salt  falls  when  acetate  of  oxide  of  lead  and  the  rhombic  triarse- 
niate of  soda  are  intermixed,  acetic  acid  being  set  free.  It  is  a  white  veiy 
insolubte  powder,  which  at  a  low  red  heat  acquires  a  yellow  tint,  which  it 
loses  again  on  cooling. 

The  diarseniate  may  be  made  by  a  similar  process  as  for  forming  the  di- 
phosphate, and  is  a  white  insoluble,  easily  fusible  powder. 

Triarseniate  of  Oxide  of  Silver. — ^This  salt  fidls  as  a  brick-red  powder 
when  nitrate  of  oxide  of  silver  is  mixed  in  solution  with  triarseniate  of  soda 
or  the  rhombic  triarseniate,  in  the  latter  case  nitric  acid  being  set  free.    It 


ABSINTRS — CHROMATIS.  459 

b  apl  to  retain  some  of  the  nitrate,  which  cannot  be  removed  hj  washing ; 
m,  property  which  the  yellow  phoephate  of  oxide  of  sDver  also  possesses. 

ARSENITES. 

These  salts  have  as  yet  been  but  little  examined.  The  arscnites  of  potassa, 
soda,  and  ammonia  may  be  prepared  by  acting  with  those  alkidies  on 
arsenious  acid :  they  are  very  soluble  in  water,  have  an  alkaline  reaction, 
and  have  not  been  obtained  in  regular  crystals.  Most  of  Uie  other  arsenites 
are  insoluble,  or  sparingly  soluble,  in  pure  water ;  bat  they  are  dbsolved  by 
an  excess  of  their  own  acid,  with  great  facility  by  nitric  acid,  and  by  most 
other  acids  with  which  their  bases  do  not  form  insoluble  compounds.  Hie 
insoluble  arsenites  are  easily  formed  by  double  decomposition. 

All  the  arsenites  are  decomposed  when  heated  in  close  vessels,  the  arseni- 
onJ  acid  being  either  dissipated  in  vapour,  or  converted,  with  disengage- 
oient  of  some  metallic  arsenic,  into  arseniates.  Heated  with  charccwl  or 
Mack  flux,  the  add  is  reduced  with  facility.  (Page  357.) 

The  soluble  arsenites,  if  quite  neutral,  are  characterized  by  forming  a  yel- 
low araenite  of  oxide  of  silver  when  mixed  with  the  nitrate  of  that  base,  and 
a  ^een  arsenite  of  protoxide  of  copper,  ScheeWi  green,  with  sulphate  of  that 
oxide.  When  acidulated  with  acetic  or  hydrochloric  acid,  hydrosulphuric 
acid  causes  the  formation  of  orpiment  The  insoluble  arsenites  are  all  de- 
composed when  boiled  in  a  solution  of  carbonate  of  potassa  or  soda. 

The  arsenite  of  potassa  is  the  active  principle  of  Fowler's  arsenical  eola- 
tion. 

CHROMATES. 

The  salts  of  chromic  acid  are  mostly  either  of  a  yellow  or  red  colour,  the 
latter  tint  predominating  whenever  the  acid  is  in  excess.  The  chromates  of 
oxides  of  uie  second  class  of  metals  are  decomposed  by  a  strong  red  heat,  by 
which  the  acid  is  resolved  into  the  ffreen  oxide  of  chromium  and  oxygen 
gas;  but  the  chromates  of  the  fixed  alkalies  sustain  a  very  high  temperature 
without  decomposition.  They  are  all  ilecomposed  without  exception  by  the 
iinited  agency  of  heat  and  combustible  matter.  The  neutral  chromates  of 
protoxides  are  similar  in  constitution  to  the  sulphates,  being  formed  of  one 

equivalent  of  the  base  and  one  of  chromic  acid,  the  formula  beine  M-|.Cr. 

The  chromates  are  in  general  sufficiently  distinguished  by  tneir  colour. 
Hiey  may^  be  known  chemically  by  the  following  character : — On  boiling  a 
chromate  in  hydrochloric  acid  mixed  with  alcohol,  the  chromic  acid  if  at 
first  set  free,  and  is  then  decomposed,  a  green  solution  of  the  chloride  of 
chromium  being  generated. 

The  only  native  chromato  hitherto  discovered  is  the  red  dichromate  of 
protoxide  of  lead  from  Siberia,  in  the  examination  of  which  Vauquelin  made 
the  discovery  of  chromium. 

Chromatet  of  Pota§9a, — ^The  neutral  chromate  from  which  all  the  com. 
pounds  of  chromium  are  directly  or  indirectly  prepared,  is  made  by  heating 
to  redness  the  native  oxide  of  chromium  and  iron,  commonly  called  chromaU 
of  irsn,  with  nitrate  of  potassa,  when  chromic  acid  is  generated,  and  unites 
with  the  alkali  of  the  nitre.  The  object  to  be  held  in  view  b  to  employ  so 
small  a  proportion  of  nitre,  that  the  whole  of  the  alkali  may  combine  with 
chromic  acid,  and  constitute  a  neutral  chromate,  ivhich  is  easily  obtained 
pure  by  solution  in  water  and  crystallization.  For  this  purpose  the  chromate 
of  iron  is  mixed  with  about  a  fifth  of  its  weight  of  nitre,  and  exposed  to  a 
strong  heat  for  a  considerable  time ;  and  the  process  is  repeated  with  thoee 
portions  of  the  ore  which  are  not  attacked  in  the  first  operation.  It  is  de- 
posited from  its  solution  in  small  prismatic  anhydrous  crystals  of  a  lemon- 
yellow  colour,  the  primary  form  of  which,  according  to  Mr.  Brooke,  b  a 
right  rhombic  priem. 

Chromate  of  potassa  has  a  eool,  bitter,  and  disagreeable  taste.  It  is  so- 
laUe  to  great  extent  in  boiling  water,  and  in  twioe  its  weight  of  that  Uowd 
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at  60^;  bat  it  u  iniolable  in  aloohol.  It  has  an  alkaline  reactioD,  and  on  this 
accoant  M.  Tassaert*  regarda  it  as  a  subsalt ;  bat  Dr.  Thomson  haa  proved 
that  it  is  neatral  in  composition,  consistingr  of  52  parts  or  one  oqaivalenl  of 
chromic  acid,  and  47.15  parts  or  one  equivalent  of  pota8sa.'^ 

Bichromate  of  potassa,  which  is  made  in  large  quantitv  at  Glaagow  fat 
>dyeing,  is  prepared  by  acidulating  the  neatral  chromate  with  sulphuric  or  still 
better  with  acetic  acid,  and  allowing  the  solution  to  crystallize  bjr  sponta- 
neous evaporation.  When  slowly  formed  it  is  deposited  m  four-sided  tabular 
crystals,  the  primary  form  of  which  is  an  oblique  rhombic  prism.  They 
have  an  exceedingly  rich  red  colour,  are  anhydrous,  and  consist  of  one 
equivalent  of  the  alkali,  and  two  equivalents  of  chromic  acid.  (Thomson.) 
They  are  soluble  in  about  ten  timee  their  weight  of  water  at  60°,  and  the 
solution  reddens  litmus  paper. 

The  insoluble  salts  of  diromic  acid,  such  as  the  chromates  of  baryta  and 
oxides  of  zinc,  lead,  mercury,  and  silver,  are  prepared  by  mixing  the  solubb 
salts  of  those  bases  with  a  solution  of  chromate  of  potassa.  The  three 
former  are  yellow,  the  fourth  orange-red,  and  the  fiflh  deep  red  or  pnrpk. 
The  yellow  chromate  of  lead,  which  consists  of  one  equivalent  of  acid  and 
one  equivalent  of  oxide,  is  now  extensively  used  as  a  pigment,  and  the  chro- 
mate of  oxide  of  zinc  may  be  used  for  the  same  purpose. 

A  dichroniate,  composed  of  one  equivalent  of  chromic  acid  and  two  eqm- 
valents  of  protoxide  of  lead,  may  be  formed  by  boiling  the  carbonate  of  liiat 
oxide  with  excess  of  chromate  of  potassa.  It  is  of  a  beautifiiL  red  ookmr, 
and  has  been  recommended  by  Mr.  Badams  as  a  pivmenL  (An.  o£  PhiL 
XXV.  303.)  ^  It  may  be  also  made  by  boiling  the  neutraJ  chromate  with  am- 
monia or  lime-water.  Liebiff  and  Wohler  prepare  it  by  fusing  nitre  at  a 
low  red  heat,  and  adding  chromate  of  oxide  of  lead  by  degrees  until  the 
nitre  is  nearly  exhausted.  The  chromate  of  potassa  and  nitre  are  then  re- 
moved by  water,  and  the  dichromate  is  left  crystalline  in  texture,  and  of  so 
beautiful  a  tint,  that  it  vies  with  cinnabar.  (Pog.  An.  xxi.  580.) 

Biehr&maU  of  Chloride  of  Potassium, — M.  Peligot  has  lately  described  a 
crystalline  compound  in  which  chloride  of  potassium  acts  the  part  of  an  alka- 
line base  in  relation  to  chromic  acid.  It  is  prepared  from  bichromate  of 
potassa  and  concentrated  hydrochloric  acid  in  the  ratio  by  weight  of  about 

0  to  4,  which  are  to  be  boiled  together  for  some  time  in  a  rather  small  quan- 
tity of  water ;  and  it  is  deposited  in  flat  quadrangular  prisms  of  the  same 
colour  as  bichromate  of  potassa. 

In  this  process  there  is  a  mutual  interchange  between  the  elements  of 
potassa  and  hydrochloric  acid ;  such  that 

2  eq.  chromic  acid  .  .  2(Cr-f-30)  ^  2  eq.  chromic  acid  2(Cr-f30). 
leq.  potassa    .  K4-O      "o   1  eq.  chlo.  of  potassium  K  .4-CL 

1  eq.  hydrochloric  acid  H-j-CI     *^  1  eq.  water        .  H-fO. 

For  this  change  to  ensue  there  ought  to  be  a  certain  excess  of  hydrochloric 
acid,  and  yet  not  so  much  as  to  decompose  the  chromic  acid. 

This  salt  should  be  dried  on  bibulous  paper.  It  is  permanent  in  the  air. 
In  pure  water  it  is  decomoosed,  the  materials  from  which  it  was  formed, 
bichromate  of  potassa  and  nydroehloric  acid,  being  reproduced ;  but  it  may 
be  dissolved  without  such  change  in  water  acidulated  by  hydrochloric  add. 
M.  Peligot  has  made  similar  bichromates  with  the  chlorides  of  sodium^ 
calcium,  and  magnesium,  and  with  hydrochlorate  of  ammonia;  this  last  salt 
being  exactly  similar  in  appearance  to  the  bichromate  of  ehloride  of  potaa* 
sium.  (An.  de  Ch.  et  de  Ph.  lii.  267.) 

BORATES. 

As  the  boracic  is  a  feeble  acid,  it  neutralizes  alkalies  imperfectly ;  and  henee 
the  borates  of  soda,  potassa,  and  ammonia  have  always  an  alkaline  reaction. 
For  the  same  reason,  when  the  borates  are  digested  in  any  of  the  more  power- 

*An.  de  Ch.  et  de  Ph.  vol  udi.        t  Annals  of  Philosophy,  vol.  xvi. 
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All  aoidSfSach  88  the  sulphuric,  nitric,  or  hydrochloric,  the  horacic  acid  is  sepa- 
rated from  its  base.  This  docs  not  happen,  however,  at  high  temperatures ; 
for  boradc  acid,  owing  to  its  Axed  nature,  decomposes  at  a  red  heat  all 
salts,  not  excepting  sulphates,  the  acid  of  which  is  volatile. 

The  borates  of  the  alkalies  are  soluble  in  water,  but  most  of  the  other 
salts  of  this  acid  are  of  sparing  solubility.  Tliey  are  not  decomposed  by  heat, 
and  the  alkaline  and  earthy  borates  resist  the  action  of  heat  and  combustible 
matter.  They  are  remarkably  fusible  in  the  fire,  a  property  obviously  ow- 
ing to  the  great  fusibility  of  horacic  acid  itself. 

The  borates  are  distinguished  by  the  following  character: — By  digesting 
any  borate  in  a  slight  excess  of  strong  sulphuric  acid,  evaporating  to  £yness, 
and  boiling  the  residue  in  strong  alcohol,  a  solution  is  formed,  which  has  the 
property  of  burning  with  a  green  flame.  (Page  205.) 

Bibmrtde  of  Soda. — This  salt,  the  only  borate  of  importance,  occurs  native 
in  some  of  the  lakes  of  Thibet  and  Persia,  and  is  extracted  from  this  source 
by  evaporation.  It  is  imported  from  India  in  a  crude  state,  under  the  name 
of  tineal^  which,  afler  being  purified,  constitutes  the  Ttfiiud  borax  of  com- 
merce. It  is  frequently  called  aubborate  ofsoda^  a  name  suggested  b?  the  in- 
consistent and  unphilosophical  practice,  now  quite  inadmissible,  of  regulating 
the  nomenclature  of  salts  merely  by  their  action  on  vegetable  colouring  mat- 
ter. It  crystallizes  in  hexahedral  prisms,  which  effloresce  on  exposure  to 
the  air,  require  twenty  parts  of  cold,  and  six  of  boiling  water  for  solution. 
When  exposed  to  heat  the  crystals  are  first  deprived  of  their  water  of  crya. 
tallization,  and  then  fused,  forming  a  vitreous  transparent  substance  called 
ir/oM  iff  borax.  The  crystals  are  composed  of  69.8  parts  or  two  eq.  of 
borucic  acid,  91.3  or  one  eq.  of  soda,  and  90  or  ten  eq.  of  water. 

The  chief  use  of  borax  is  as  a  flux,  and  for  the  preparation  of  horacic 
acid.  Biborate  of  magnesia  is  a  rare  natural  production,  which  is  known  to 
mineralogists  by  the  name  of  boracUe. 

A  new  biborate  of  soda,  which  contains  half  as  much  water  of  crystalli- 
zation as  the  preceding,  has  been  lately  described  by  M.  Buran.  It  is  harder 
and  denser  than  borax,  is  not  efflorescent,  and  crystallizes  in  regular  octoho- 
drons.  It  is  made  by  dissolving  borax  in  boiling  water  until  the  specific 
^vity  of  the  solution  is  at  30^  or  32°  of  Baume's  hydrometer :  the  solution 
IS  then  veiy  slowly  cooled ;  and  when  the  temperature  descends  to  about  133^, 
the  new  salt  is  deposited.  It  is  found  to  be  more  convenient  for  the  use  of 
jewellers  than  common  borax.  (An.  de  Ch.  et  de  Ph.  xxxviL  419«) 

CARBONATES. 

The  carbonates  are  distinguished  from  other  salts  by  being  decomposed 
with  effervescence,  owing  to  the  escape  of  carbonic  acid  gas,  by  nearly 
all  the  acids ;  and  all  of  Uiem,  except  the  carbonates  of  potassa,  soda,  and 
lithia,  may  be  deprived  of  their  acid  by  heat  The  carbonates  of  baryta  and 
Btrontia,  especially  the  former,  require  an  intense  white  heat  for  decomposi- 
tion ;  those  of  lime  and  magnesia  are  reduced  to  the  caustic  state  by  a  full 
red  heat;  and  the  other  carbonates  part  with  their  carbonic  acid  when  heat^ 
ed  to  dull  redness. 

An  the  carbonates,  except  those  of  potassa,  soda,  and  ammonia,  are  of 
sparing  solubility  in  pure  water ;  but  all  of  them  are  more  or  less  soluble  in 
an  excess  of  carbonic  acid,  owing  doubtless  to  tlie  formation  of  supersalts. 

The  former  nomenclature  of  the  salts  is  peculiarly  exceptionable  as  ap- 
plied  to  the  carbonates.  The  two  well-known  carbonates  of  potassa,  for  ex. 
ample,  are  distinguished  by  the  prepositions  Bub  and  9Uf€r,  as  if  the  one  had 
an  alkaline,  and  the  other  an  acid  reaction ;  whereas,  in  fact,  according  to 
their  action  on  test  paper,  they  are  both  sufasalts.  I  shall  adopt  the  nomen* 
elataro  which  has  been  employed  with  other  salts,  applying  the  generic  name 
of  carbonate  to  those  salts  which  contain  one  equivalent  of  carbonio  acid, 
and  one  equivalent  of  the  base, — compounds  which  may  be  regarded  as 
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neutral  in  ooropMitioD,  however  they  may  act  on  the  odLouring  metier  of 

plants.  The  fonnola  for  the  neatral  protocarbonates  is  M4>C,  the  acid  oon^ 
taining  twioe  as  much  oxygen  as  the  base. 

Several  of  the  carbonates  occur  native,  among  which  may  be  enumerated 
the  carbonates  of  soda,  baryta,  strontia,  lime,  magnesia,  and  the  protoxides 
of  manganese,  iron,  copper,  and  lead;  together  wim  some  double  carbonatesii 
such  as  Dolomite,  or  the  double  carbonate  of  lime  and  magnesia,  and  baryto- 
calcite,  or  the  double  carbonate  of  baryta  and  lime. 

The  composition  of  the  principal  carbonates  is  staled  in  the  following 
table: 

Names.  Base.  Acid.  Equiv.  Formokn. 

Carbonate  of  potassa    .    47.15    1  eq.+22.12  1  eqs  69J27    K+C. 

Bicarbonate  of  poUssa    .   47.15    1  eq.+44.24  2  cq^s  913    K+aC. 

Da  in  crystals  with  9  or  1  eq.  of  water  ^100.39 

Carbonate  of  soda    .    .    31.3      1  eq. 4.22.12    1  eq.ssr  53.42  Na-f.C. 
Do.  in  crystals  with  90  or  10  eq.  of  water  esl  43.42 

Do.  in  crystals  with  63  or    7  eq.  of  water  a=l  16.42 

Bicarbonate  of  soda    .      31.3      1  eq.4.44.24    2  eq.a=  75.54    Na+dC. 
Do.  in  crystals  with  9  or  1  eq.  of  water  s  84.54 

Carbonate  of  ammonia  .  17.15  1  eq.4.22.12  1  eq.s=:  39.27  H^N+C. 

Bicarbonate  of  ammqnia  17.15  1  eq.+44.24  2  eq.sr  61.39  H3N4.2C. 

Carbonate  of  baryta    .      76.7  1  eq.4. 22.12  1  eq.«  98.82  Ba+C. 

Carbonate  of  stronUa        51.8  1  eq.4.22.12  1  eq^  73.92  Sr+C. 

Carbonate  oflimc(  marble)  28.5  1  eq.+ 22.12  1  eq.»  50.62  Ca+C. 

Carbonate  of  magnesia      20.7      1  eq.+22.12    1  eq.=  42.82    Mg-fC. 
Do.  in  crystals  with  27  or  3  eq.  of  water  «.  69.82 

Carbonate  protox.  of  iron  36         1  eq.4.22.12    1  eq.ss  58.12    Fe+C. 

Dicarbonate  protox.  copper  79i2     2  eq.4-22.12    1  eq.s=  101.32    2Cu  4.C. 

Do.  in  malachite  with  9  or  1  eq.  of  water  s=  110.32 

Carbonate  protox.  lead       1 1 1 .6    1  eq.  4.  22.12    1  eq.»  133.72 

Diearb.  perox.  mercury      436      2  eq.4.22.12    1  eq« 458.12    2Hg4.C. 

Double  Carbonates. 

Carbonate  of  lime    SCarb.lime.    .    50.62     1  eq.  *        q,..   hVJ^  •  o.r^ 
and  magnesia      >  Carb.  magnesia   42.82    1  eq.  (  *=  ^•*'**  ^8^+^^^' 

Cerb.  of  baryta        )  Carb.  baryta       98.82    1  eq.  )  _,  .^  . .    r'.r  1  ii.r 
andUme  )  Carb.  lime      .    50.62    1  c^.  1 '"^^'^^  CaC4.BaC. 

Carbonaie  of  Potaasa, — This  salt  is  procured  in  an  impure  form  by  bum. 
ing  land  plants,  lixiviating  their  ashes,  and  evaporating  the  solution  to 
dryness,  a  process  which  is  performed  on  a  large  scafe  in  Russia  and 
America.  The  carbonate,  thus  obtained,  is  known  in  commerce  by  the  names 
of  poiaah  and  pearlath,  and  is  much  employed  in  the  arts  especially  in  the 
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fornMtion  of  loap  and  the  mana&ctiire  of  glaft.  When  derived  from  this 
■ource  it  always  containB  other  compoonda,  aach  aa  aulphate  of  potaaaa  and 
chloride  of  potaaaium ;  and,  therefore,  for  chemical  purpoaea,  it  ahould  be 
prepared  from  cream  of  tartar.  On  heating  thia  salt  to  redneaa,  the  tartario 
acid  ia  deoompoaed,  and  a  pure  carbonate  of  potaaaa  mixed  with  charcoal 
remaina.  The  carbonate  ia  then  dissolved  in  water,  and,  after  filtration,  ia 
evaporated  to  dryneaa  in  a  capeole  of  platinum  or  silver.  ^ 

Pure  carbonate  of  potaaaa  haa  a  taste  strongly  alkaline,  ia  alightly  canatic, 
and  communicates  a  screen  tint  to  the  blue  colour  of  the  violet  It  diaaolvea 
in  leaa  than  an  equal  weight  of  water  at  60°,  deliqueacea  rapidly  on  ezpoanre 
to  the  air,  and  cryatallizea  with  much  difficulty  from  ita  aolution.  In  pure 
alcohol  it  is  insoluble.  It  fusee  at  a  full  red  heat,  but  nndergoea  no  other 
cban^. 

^  It  la  often  neceasary,  for  commercial  purpoaes,  to  ascertain  the  value  of 
different  aamples  of  pearlasb;  that  is,  to  determine  the  quantity  of  real  car- 
bonate of  potassa  contained  in  a  given  weight  of  impure  carbonate.  A  con- 
venient  mode  of  effecting  this  object  is  deacribed  by  Mr.  Faraday  in  this  ex. 
cellent  work  on  Chemical  Manipulation.  Into  a  tube  sealed  at  one  end,  9^^ 
inchea  long,  |ths  of  an  inch  in  diameter,  and  as  cylindrical  as  poesible  in  ita 
whole  length,  pour  1000  graina  of  water,  and  with  a  file  or  diamond  mark 
the  place  where  ita  aoriace  reaches,  and  divide  the  space  occupied  by  the 
water  into  100  equal  parts,  aa  is  shown  in  the  annexed  wood-cut  Opposite 
to  the  numbera  23.44,  48.96,  54.63,  and  65,  draw  a  line,  and  at  the  first  write 
aoda,  at  the  second  potassa,  at  the  third  carbonate  of  soda,  and  at  the  fourth 
carbonate  of  potassa.  Then  prepare  a  dilute  acid  having  the  apecific  gravity 
of  1.127  at  60°,  which  may  be  made  by  mixing  one  measure  of  concentrat- 
ed aulphuric  acid  with  four  measures  of  distilled  water.  Tliis  is  the  stand- 
ard acid  to  be  used  in  all  the  experiments,  being  of  such  strength  that  when 
poured  into  tlie  tube  till  it  reachea  either  of  the  four  marka  just  mentioned, 
we  aball  obtain  the  exact  quantity  whidi  ia  necessary  for  neutralizing  100 
grains  of  the  alkali  written  opposite  to  it  If^  when  the  acid  reaches  the  word 
earb,  poia»§a,  and  when,  consequently,  we 
have  the  exact  quantity  which  will  neutra- 
lize 100  graina  of  that  carbonate,  pure 
water  be  added  until  it  reachea  0,  or  the 
bcj^ning  of  the  acale,  each  division  of  this 
mixture  will  neutralize  one  grain  of  carbo- 
nate of  potaaaa.  All  that  is  now  required, 
in  order  to  ascertain  the  quantity  of  real  g. 
carbonate  in  any  specimen  of  pearlash,  is  •  •  •  • 

to  dissolve  100  grains  of  the  sample    in 
warm  water,  filter   to  remove   all  Uie  in- 
soluble  parte,   and  add   the  dilute  acid  in 
euocessive   amall  quantities,  until  by   the 
teat  of  litmus  paper,  the  aolution  is  exactly  Potassa  .   . 
neutraliaed.     Each    division  of  the   mix-  r-    k  Qn*i 
ture   indicates  a  grain  of  pure  carbonate.      '"* 
It  ia  convenient,  in  conducting  thia  process, 

to  set  aside  a  portion  of  the  alkaline  tiquid,  in  Carb.  Potassa  

order  to  neutralize  the  acid,  in  case  it  should 
at  first  be  added  too  freely.  To  this  instru- 
ment the  term  alkalimet^  ia  given,  a  name 
obviously  derived  from  the  use  to  which  it 
is  applied. 

Bicarbonate  of  Potaaaa  ia  made  by  trans- 
mitting  a  current  of  carbonic  acid  gaa  through 
a  aolution  of  the  carbonate ;  or  by  evaporat- 
ing a  mixture  of  the  carbonates  of  ammonia 
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and  potassa,  the  unmonia  bein^  diaaipated  in  a  pore  state.  Bj  alow  evapci* 
ration,  the  bicarbonate  ia  depoMited  from  the  Hqnid  in  hydrat^  priama  with 
eight  aidea,  terminated  with  dihedral  aummita,  the  primary  form  of  which 
ia  a  right  rhomboidal  priam. 

Bicarbonate  of  potaiaa,  though  hi  milder  than  the  carbonate,  ia  ^llfKiiy 
both  to  the  taate  and  to  teat  paper.  It  doea  not  deliqaeaoe  on  ezpovora  to 
the  air.  It  requires  four  timea  ita  weight  of  water  at  W*  for  aolution,  and 
ia  mueh  more  soluble  at  212°;  but  it  parte  with  some  of  its  acid  at  thai  tem- 
peratore.    At  a  low  red  heat  it  is  converted  into  the  carbonate. 

Dr.  Thomson,  in  his  **  First  Principles,"  has  described  a  aesqaiearbooate, 
which  waa  diaooYcred  by  Dr.  Nimmo  of  Glaagow.    Ita  crystals  ccaifain 

twelve  equivalenta  of  water,  aa  denoted  by  the  formula  K9C34.12H. 

Car6emile  of  Soda^ — ^The  carbonate  of  commerce  is  obtained  by  lixiviathig 
the  aahes  of  aea^weeds.  The  best  variety  is  known  by  the  name  of  kariiiMt 
and  ia  derived  chiefly  from  the  aaUola  toda  and  BoUeomia  herbacem.  A 
▼ery  inferior  kind,  known  by  the  name  of  kelp,  ia  prepared  from  aea-weeda 
on  the  northern  shorea  of  Scotland.  The  pureat  barilla,  however,  thoogh 
well  fitted  for  making  soap  and  glaaa,  and  for  other  purpoaea  in  the  aita, 
alwaya  containa  the  aolphates  of  potaaaa  and  aoda,  and  the  chlorides  of  p» 
taaaium  and  aodium.  A  purer  carbonate  is  prepared  by  heating  a  miztora 
of  sulphate  of  soda,  aaw-dost,  and  lime  in  a  reverbenatory  furnace.  By  the 
action  of  carbonaoeoua  matter,  the  sulphuric  acid  ia  deoompoeed ;  ita  aohihar 
partly  uniting  with  calcium  and  partly  being  diaaipated  in  the  form  of^sol. 
phurous  acid,  while  the  carbonic  add,  which  ia  generated  during  the  pro* 
eoasi  unitea  with  soda.  The  carbonate  of  aoda  is  then  obtained  by  li^via- 
tion  and  crystallization.  It  is  difficult  to  obtain  this  salt  quite  free  from  aol- 
phnric  add. 

Carbonate  of  soda  crystallizes  in  octohedrons  with  a  rhombic  base,  the 
acute  anglea  of  which  are  generally  truncated.  The  crystals  effloreaee  on 
expoenre  to  the  air,  and  when  heated  diaaolve  in  their  water  of  crystaflizatioo. 
By  continued  heat  they  are  rendered  anhydrous  without  loaa  of  caibooie 
add.  They  dissolve  in  about  two  parte  of  cold,  and  in  rather  leaa  than  their 
wdght  of  boiling  water,  and  the  aolution  haa  a  strong  alkalme  taate  and  re- 
action. The  crystals  commonly  found  in  commerce  contain  ten  eqoivaleDta 
of  water;  but  when  formed  at  a  temperature  of  about  80^,  they  retain  only 
seven  equivalents. 

The  purity  of  different  specimens  of  barilla,  or  other  carbonates  of  soda, 
may  be  aacertained  by  means  of  the  alkalimeter  above  described. 

Bicarbonate  o/*  Sb(Za.— This  salt  is  made  bv  the  aame  processes  aa  Ucar- 
bonate  of  potassa,  and  is  deposited  in  hydrated  crystalline  graina  by  evapora- 
tion. Though  still  alkaline,  it  is  much  milder  than  the  carbonate,  and  for 
leas  soluble,  requiring  about  ten  times  its  weight  of  water  at  ^fiP  for  rnHa- 
tion.  It  is  decompoMd  partially  at  212^,  and  is  converted  into  the  carbonate 
by  a  red  heat 

Setquiearbonate, — ^This  compound  occurs  native  on  the  banke  of  the  lakes 
of  soda  in  the  proTince  of  Sukcna  in  Africa,  whence  it  is  exported  under  the 
name  of  trona.  It  was  first  distinguished  from  the  two  other  carbonates  fay 
Mr.  Phillips,  (Journal  of  Science,  vii.)  whose  analysis  corresponds  with  that 

of  Klaproth.    Its  formula  is  Na^CS  J.  4H. 

Carbonate  rf  Ammonia, — ^The  only  method  of  procuring  this  salt  ia  by 
mixing  dry  carbonic  acid  over  mercury  .with  twice  its  volume  of  ammoniacal 
gas.  It  is  a  dry  white  volatile  powder  of  an  ammoniacal  odour,  and  alkaline 
reaction. 

Bicarbonate  of  Ammonia. — This  salt  waa  formed  by  Berthollet  by  traaa- 
mitting  a  current  of  carbonic  add  gas  through  a  solution  of  the  common 
carbonate  of  ammonia  of  the  shops.  On  evaporating  the  liquid  by  a  gentle 
heat,  the  bicarbonate  is  deposited  in  small  six-sided  prisms,  which  have  no 
•mell,  and  veiy  little  taste :  their  primary  form,  according  to  Mr.  Miller  of 
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Cambriclge,  is  a  right  rhombic  prism.  Berthollet  ascertained  that  it  contains 
twice  as  much  acid  as  the  carbonate. 

SeBquicarbonmie  of  Ammonia, — ^The  common  carbonate  of  ammonia  of  the 
shops,  Suh-^arbona*  AmmonuB  of  the  Pharmacopceia,  is  different  from  both 
these  compounds.  It  is  prepared  by  heating  a  mixture  of  one  part  of  hydro- 
chlorate  of  ammonia  with  one  part  and  ahalf  of  carbonate  of  lime,  carefully 
dried.  Double  decomposition  ensues  during  the  process :  chloride  of  calcium 
remains  in  the  retort,  and  hydrated  sesquicarbonate  of  ammonia  is  sublimed. 
The  carbonic  acid  and  ammonia  are,  indeed,  in  proper  proportion  in  the 
mixture  for  forming  the  real  carbonate ;  but  from  the  heat  employed  in  the 
sublimation,  part  of  the  ammonia  is  disengaged  in  a  free  state. 

The  salt  thus  formed  consists,  according  to  the  analysis  of  Phillips,  Ure, 
and  Thomson,  of  34.3  parts  or  two  eq.  of  ammonia,  66.36  parts  or  three  eq. 
of  carbonic  acid,  and  18  parts  or  two  eq.  of  water.  When  recently  prepared, 
it  is  hard,  compact,  translucent,  of  a  crystalline  texture,  and  pungent  am- 
moniacal  odour ;  but  if  exposed  to  the  air,  it  loses  weight  rapidly  from  the 
escape  of  pure  ammonia,  and  becomes  an  opaque  brittle  mass,  which  is  the 
bicarbonate. 

Carbonate  of  Baryta  occurs  abundantly  in  the  lead  mines  of  the  north  of 
England,  where  it  was  discovered  by  Dr.  Withering,  and  has  hence  received 
the  name  of  WUherite,  It  may  be  prepared  by  way  of  double  decomposition 
b^  mixing  a  soluble  salt  of  baryta  with  any  of  the  alkaline  carbonates  or 
bicarbonates.  It  is  anhydrous,  exceedingly  insoluble  in  distilled  water,  re- 
quiring 4300  times  its  weight  of  water  at  60^,  and  2300  of  boiling  water  for 
solution ;  but  when  recently  precipitated,  it  is  dissolved  much  more  freely 
by  a  solution  of  carbonic  acid.    It  is  highly  poisonous. 

Carbonate  of  Strontia,  which  occurs  native  at  Strontian  in  Argyleshire, 
and  is  known  by  the  name  of  Strontianite,  may  be  prepared  in  the  same 
manner  as  carbonate  of  baryta.  It  is  anhydrous,  and  very  insoluble  in  pure 
water,  but  is  dissolved  by  an  excess  of  carbonic  acid. 

Carbonate  of  Lime. — ^This  salt  is  a  very  abundant  natural  production,  and 
occurs  under  a  great  variety  of  forms,  such  as  common  limestone,  chalk, 
marble,  and  Iceland  spar,  and  in  regular  anhydrous  crystals,  the  density  of 
which  is  3.7.  It  may  also  be  formed  by  precipitation.  Though  sparingly 
soluble  in  pure  water,  it  is  dissolved  by  carbonic  acid  in  excess ;  and  hence 
the  spring-water  of  limestone  districts  always  contains  carbonate  of  lime, 
which  is  deposited  when  the  water  is  boiled. 

Daniell  noticed  that  an  aqueous  solution  of  surar  and  lime  deposited  crys- 
tallized carbonate  of  lime  by  exposure  to  the  air.  Gay-Lussac  has  proved 
that  the  sugar  merely  acts  as  a  solvent,  presenting  lime  in  a  favourable  state 
for  combining  with  the  carbonic  acid  of  the  atmosphere ;  and  that  all  the 
lime  is  deposited  in  acute  rhombohedrons,  which  contain  five  eq.  of  water  to 
one  eq.  of  carbonate  of  lime.  These  crystals  are  insoluble  and  remain  un- 
changed in  cold  water ;  but  in  water  at  86°,  or  in  air,  they  lose  their  com- 
bined  water,  and  fall  to  powder.  When  boiled  in  alcohol  they  retain  their 
form,  but  lose  two  eq.  of  water  and  retain  three  eq.  in  combination.  (An.  de 
Ch.  et  de  Ph.  xlviii.  301.) 

Carbonate  of  Magnesia, — It  is  met  with  occasionally  in  small  acicular 
crystals,  and  in  a  pulverulent  earthy  state,  but  more  commonly  as  a  com- 
pact mineral  of  an  earthy  fracture  called  magneoUe.  A  specimen  of  mag- 
nesite  from  the  East  Indies,  where  I  am  informed  it  is  abundant,  has  been 
analyzed  by  Dr.  Henry,  who  found  it  to  be  nearly  pure  anhydrous  carbonate 
of  magnesia :  it  is  of  a  snow-white  colour,  of  density  2.56,  and  so  hard  that 
it  strikes  fire  with  steel.  (An.  of  PhiL  xvii.  252.)  It  is  obtained  in  minute 
transparent  hexagonal  prisms  with  three  eq.  of  water,  when  a  solution  of 
bicarbonate  of  magnesia  evaporates  spontaneously  in  an  open  vessel.  The 
crystals  lose  their  water  and  become  opaque  by  a  very  gentle  heat,  and  even 
in  a  dry  air  at  60°.  By  cold  water  they  are  decomposed,  yielding  a  soluble 
bicarbonate  and  an  insoluble  white  compound  of  hydrate  and  carbonate  of 
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carbonic  a^ 


I ;  and  hot  water  produew  the  mme  change  with  dteengaifeiiient  of 
carEonic  acid,  without  disaolving  any  magiiena.  (Boneliitt.) 

When  carbooate  of  potaaaa  b  added  in  exoeas  to  a  hot  eolutioii  of  milpfaaie 
of  maffnesia,  a  white  pfocipitate  falk,  which  after  beinff  well  washed  hae 
been  Iod^  oonaidered  as  pure  carbonate  of  magnesia;  bat  BenBelins  has 
■hown  that  it  consiats  of  the  following  ingredients: 


Magnesia  .     44.75        82.8   or  4  eq. 

Carbonic  acid    .     35.77        6&36  or  3  eq. 
Water  .     19.48        36      or  4  eq. 


IQOM      185.16  or  leq.j 


ProbaUe  formula  i 
A[gHH-3MgC. 


His  compound  is  said  to  reauire  2493  parts  of  cold,  and  9000  of  hoi  water 
for  solution.  It  is  freely  dissolved  by  a  solution  of  carbonic  acid,  bicarbo- 
nate of  magnesia  being  generated ;  but  on  allowing  the'  solution  to  evapo- 
rate spontaneously,  carbonic  acid  is  given  off,  and  crystals  of  the  hydraied 
carbonate  above  mentioned  are  obtained. 

Carbonate  of  Protoxide  o/*  Iron.— Carbonic  acid  does  not  form  a  definite 
compound  with  peroxide  of  iron,  but  with  the  protoxide  it  constitutes  a  salt 
which  is  an  abundant  natural  production,  occurring  sometimes  massive,  and 
at  other  times  crystallized  in  rhorobohedrons  or  hexagonal  prisms.  This 
potocarbonate  is  contained  also  in  most  of  the  chalybeate  mineral  watna, 
being  held  in  solution  by  free  carbonic  acid ;  and  it  may  be  formed  by  mix- 
ing  an  alkaline  carbonate  with  the  sulphate  of  protoxide  of  iron.  When 
prepared  by  precipitation,  it  attracts  oxygen  rapidly  fi-om  the  atmosphere^ 
and  the  protoxide  of  iron,  passing  into  the  state  of  peroxide,  parts  with  car- 
bonic  acid.  For  this  reason,  the  carbonate  of  iron  of  the  Pharmacopoeia  is 
of  a  red  colour,  and  consists  chiefly  of  the  peroxide. 

Diearhonate  of  Protoxide  of  Copper^ — It  occurs  as  a  hydrate  in  the  beanti- 
ftd  green  mineral  called  fnalachite ;  and  the  same  compound,  as  a  green 
powder,  the  mineral  green  of  painters,  may  be  obtained  by  precipitation  from 
a  hot  solution  of  sulphate  of  protoxide  of  copper  by  carbonate  of  soda  or  po- 
tassa.  When  obtained  from  a  cold  solution,  it  fails  as  a  bulky  hydrate  of 
rreenish.blue  colour,  which  contains  more  water  than  the  green  precipitate. 
By  careful  drying  its  water  may  be  expelled.  When  the  hydrate  is  boiled 
ibr  a  long  time  in  water  it  loses  both  carbonic  acid  and  combined  water,  and 
the  colour  changes  to  brown.  The  rust  of  copper,  prepared  by  exposing 
metallic  copper  to  air  and  moisture,  is  a  hydrated  diearhonate. 

The  blue-coloured  mineral,  called  blue  copper  ore^  appears  to  be  a  hydrate 
and  carbonate  of  the  protoxide  of  copper,  and  consists,  according  to  the  ana- 
lysis  of  Mr.  Phillips,  of  (Quarterly  Journal  of  Science,  iv.) 

Protoxide  of  copper        69.08        118.8    3  eq.  )     Probable  Ibrmuht  is 

Carbonic  acid        .        25.46  44i24  2  eq.  > 

Water  5.46  9      leq.)     CuH+2CuC. 

100.00        17154  leq. 

The  blue  pigment  called  verdUer,  prepared  by  decomposing  nitiate  of 
okide  of  copper  with  chalk,  has  a  similar  composition.  (Phillips.) 

Carbonate  of  Protoxide  of  Lead,— Thw  salt,  which  is  the  wAtte  lead  or 
oenue  of  painters,  occurs  native  in  white  prismatic  crystals  derived  (torn  a 
riffht  rhombic  prism,  the  sp.  gravity  of  which  is  6.72.  It  is  obtained  as  a 
white  pulverulent  precipitate  hy  mixing  solutions  of  an  alkaline  earbooate 
with  acetate  of  protoxide  of  lead ;  and  it  is  prepared  as  an  article  of  oom- 
meroe  from  the  subaoetate  by  a  current  of  carbonic  acid,  by  exposing  metal- 
lie  lead  in  rotnote  division  to  air  and  moistare,  and  by  the  action  on  thin 
sheets  of  lead  of  the  vapour  of  vinegar,  by  which  the  metal  is  both  oxidixad 
and  converted  into  a  carbonate. 

I>iearbonaU  of  Peroxide  of  Mercury,— Wbrn  a  solution  of  the  nltrat*  of 
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peroxide  of  merenry  is  deoompooed  by  carbonate  of  aoda,  an  ochre-yeUow 
precipitate  falls,  which  Mr.  Phillips  finds  to  be  a  dicarbonate.  Tlie  protoxide 
appears  to  form  no  oompound  with  carbonic  acid ;  for  when  a  nitrate  of  that 
oxide  is  decompoied  by  any  alkaline  carbonate,  the  precipitate  is  either  black 
at  first  or  speedily  becomes  so,  and  after  being  washed  is  quite  free  fixim 
carbonic  acid. 

DmMe  Carhonateg^ — One  of  the  meet  remarkable  of  these  is  the  doable 
carbonate  of  lime  and  magnesia,  which  constitutes  the  minerals  called  bitter- 
spar,  pearl-spar,  and  Dolomite.  The  two  former  occur  in  rhombohedrons  of 
nearly  the  same  dimensions  as  carbonate  of  lime.  The  latter  is  met  with  in 
great  perfection  in  the  Alps,  and  there  usually  occurs  in  white  masses  of  a  gran- 
ular texture :  the  grains  often  cohere  loosely,  but  other  specimens  are  hard  and 
compact,  and  when  broken  present  the  crystalline  aspect  of  marble.  Ita 
density  u  2.884.  Some  specimens  consist  of  the  two  constituent  carbonates 
in  the  ratio  of  their  equivalents,  as  stated  in  tbo  table ;  but  the  ratio  of  the 
ingredients,  as  may  be  expected,  is  very  variable,  since  isomorphous  sub- 
slanoes  crystallize  together  in  all  proportions.  Carbonate  of  protoxide  of 
manganese  is  often  associated  with  them.  The  rock  called  magnesian  Ztms- 
tt&nt  may  be  viewed  as  an  impure  earthy  variety  of  Dolomite. 

The  double  carbonate  of  baryta  and  lime  constitutes  the  mineral  called 
bariio-caUiiej  which  Mr.  Children  feund  to  contain  the  two  carbonates  in 
atomic  proportion. 

Berthier  has  made  some  interesting  experiments  on  the  production  of 
double  carbonates  by  fusion.  Carbonate  of  soda,  when  fused  with  carbonate 
of  baryta,  strontia,  or  lime,  in  the  ratio  of  their  equivalents,  yields  uniform 
crystaUine  compounds,  which  have  all  the  appearance  of  being  definite.  An 
equivalent  of  Dolomite  fuses  in  like  manner  with  four  equivalents  of  carbc^ 
Date  of  soda.  Five  parts  of  carbonate  of  potassa  and  four  of  carbonate  of 
soda,  corresponding  to  an  equivalent  of  eadi,  fuse  with  remarkable  facility ; 
and  this  mixture,  by  reason  of  its  fusibility,  may  be  advantageously  employ- 
ed in  the  analysis  of  earthy  minei^Is. 

Compounds  similar  to  the  foregoing  may  be  generated  by  heating  sulphate 
of  soda  with  carbonate  of  baryta,  strontia,  or  lime,  in  the  ratio  of  their  equiv- 
alents :  or  by  employing  the  sulphate  of  these  bases  and  carbonate  of  soda. 
In  like  manner  carbonate  of  soda  fuses  with  chloride  of  barium  or  calcium ; 
and  chloride  of  sodium  with  carbonate  of  baryta  or  lime.  (An.  de  Ch.  et  de 
Fh.  xxxviii.  246 


SECTION  II. 

CLASS  OF  SALTS.    ORDER  IL 

HYDRO.SALTS. 

Lf  this  section  are  included  those  salts  onl^,  the  acid  or  base  of  which  is 
a  oompound  oontaininghydroffen  as  one  of  its  elements.  For  reasons  al- 
ready assigned  (page  391)  I  have  already  described  all  those  salts  which 
were  formerly  called  muriate»  or  hydroehhraUt  of  metallie  oxides  as  chlorides 
of  metals,  considering  that  in  general  the  neutralizing  power  of  hydrochlorio 
acid  is  not  doe  to  its  direct  combination  with  an  oxide,  but  to  chlorine 
uniting  with  the  metal  itself.  The  same  remark  applies  to  the  hydriodie 
and  other  hydradds,  the  salts  of  which,  are  consequently  reduced  to  a  small 
jiomber.  llie  only  salts,  indeed,  which  are  included  in  this  section,  an 
compounds  of  the  hydracids  wiUi  ammonia  and  phosphuretted  hydrogen. 
Some  of  the  compounds  which  might,  as  containing  an  hydracid,  be  compre- 
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bended  in  this  eeetion,  may  with  gtemter  proprietj  be  placed  in  the  ibartfa, 
•oeing  that  in  them  the  hydracid  acts  rather  as  a  base  or  electro-pontlTe  m- 
gredient  than  as  an  acid  or  electro-negative  substance.  This  doable  fbnction, 
which  chemists  have  long  recognized  in  certain  metallic  oxides,  such  as  I 
alomina  and  oxide  of  zinc,  appears  to  be  performed  even  by  so  powerfbl  aa 
acid  as  the  hydrochloric.  Some  judicious  observations  on  this  subject  have 
been  made  by  Professor  Kane  of  Dublin.  (Dublin  Journal  of  Scienoe,  L 
365.) 

Ammonia  unites  with  fluoride  of  boron,  bisulphuret  of  carbon,  and  some 
dther  bi-elementary  compounds,  which  contain  neither  oxygen  nor  hjdrogeti^ 
oonstituting  saline  combinations,  which  are  included  in  this  section,  and  to 
which,  considering  the  distinct  alkaline  character  of  ammonia,  the  ordinary 
nomenclature  of  salts  is  applicable. 

AMMONIACAL  SALTS. 

These  compounds,  like  the  oxy-salts  of  ammonia,  are  readily  reeognixed 
by  the  addition  of  pure  potassa  or  lime,  when  the  odour  of  ammonia  may  be 
perceived.  Those  which  contain  a  volatile  acid  may  in  general  be  sublimed 
without  decomposition;  but  the  ammonia  is  expelled  by  heat  from  those 
acids  which  are  much  more  fixed  than  itaelf.  The  most  important  of  these 
salts  are  thus  constituted : — 

Names.  Base.  Acid.  Equiv.    Fonnule. 

Hydrochlorate  of  ammonia  17.15  1  eq.+  36.42  1  eq.=:  53^7  H>N-|-HCL 
Hydriodate  do.  .     .    17.15  1  eq4.127.3    1  cq.=  144.45  Ii*N+HL 

Hydrobroraate  do.  .    17.15  1  eq.+  79.4    1  eq.s=  96.55  H«N  +  HBr. 

Hydrofluate  do.        .     .    17.15  1  eq.+  19.68  1  eq.»=  36.83  H^N+HF. 
Hydrosulphate  do.         .    17.15  1  eq^.  17.1    leq.»  34.25  H^N+Ha 
Hydrocyanate  da     .     .     17.15  1  eq4-  27.39  1  eq.=  44.54  H«N-f  HC»N. 
Hydrosulpbocyanate  do.    17.15  1  eq^.  59.59  1  eq.=  76.74  HtN+HCyS«. 
Trifluoborate  da      .     .    51.45  3  eq.-(-  66.94  leq.=  11 8.39  3H^N  +  BF». 
Diflnoborate  da        .     .    34.3    2eq.4-  66.94  1  eq.s]01.24  2H»N4BF«. 
Fluoborate  da      .    .     .    17.15  1  cq.+  66i)4  1  eq.=  84.09  H'N+BFs. 
Fluoeilicate  da    .    .     .     17.15  1  eq+  26.18  1  eq.»  43^3  HsN+SiF. 
Carbosulpbate  da     .     .    17.15  1  eq.+  38.32  1  eq.^  55.47  H>N+CS«. 

Hydrochlorate  of  Ammoma, — ^This  salt,  $al  ammoniae  of  oommerce,  was 
formerly  imported  from  Egypt,  where  it  is  procured  by  sublimation  from  the 
soot  of  earners  dung ;  but  it  is  now  manufactured  in  Europe  by  several  pro- 
cesses. The  most  usual  is  to  decompose  sulphate  of  ammonia  by  the  chloride 
either  of  sodium  or  mafnesiuro,  when  double  decomposition  ensues,  ming 
rise  in  both  cases  to  hydrochlorate  of  ammonia,  and  to  sulj^ate  of  soda 
when  chloride  of  sodium  u  used,  and  to  sulphate  of  magnesia  when  chloride 
of  magnesium  is  employed.  The  sal  ammoniac  is  afterwards  obtained  in  a 
pure  state  by  sublimation.  The  method  now  generally  used  in  this  country 
lor  obtaining  sulphate  of  ammonia  is  to  decompose  with  sulphuric  acid  thie 
hydrosulphate  and  hydrocyanate  of  ammonia  which  is  collected  in  the  mano- 
&cture  of  coal-^as ;  but  it  may  also  bo  procured  either  by  lixiviating  the 
soot  of  coal,  which  contains  sulphate  of  ammonia  in  considerable  quantity, 
or  by  digesting  with  gypsum  impure  carbonate  of  ammonia,  procured  from 
the  destructiye  distillation  of  bones  and  other  animal  substances,  so  as  to  form 
an  insoluble  carbonate  of  lime  and  a  soluble  sulphate  of  ammonia. 

Hydrochlorate  of  ammonia  has  a  pungent  saline  taste,  has  a  density  of 
1.45,  and  is  tough  and  difficult  to  be  pulyertzed.  It  is  soluble  in  alcohol  and 
water,  requiring  for  solution  three  times  its  weight  of  water  at  ^^,  and 
an  equal  weight  at  21 2^^.  It  usually  crystallizes  mna  its  solution  in  feathe- 
ry crystals,  but  sometimes  in  cubes  or  octohedrons.  At  a  temperature  below 
that  of  ismition  it  sublimes  without  fusion  or  decomposition,  and  condenses  on 
cod  aur&ces  as  an  anhydrous  salt,  which  absorbs  humidity  in  a  damp  atmo> 
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sphere,  bat  is  not  deliquescent    It  is  generated  by  the  direct  union  of  hy- 
drochloric acid  and  ammuniacal  ^ses,  which  unite  in  eq^al  Tolames. 

HydriodaU  af  iimmoma. — It  is  formed  as  a  while  powder  by  the  direct 
union  in  equal  measures  of  hydriodic  acid  and  ammoniacal  gases,  or  by  neu- 
tralizing a  solution  of  hydriodic  acid  with  ammonia,  and  evaporating.  It 
crystallizes  with  difficulty  in  anhydrous  cubes,  is  very  soluble  in  water,  and 
deliquesoes  in  a  moist  atmosphere.  la  close  vessels  it  may  be  sublimed  with- 
out change ;  but  suffers  partial  decomposition  when  heated  in  the  open  air. 

When  a  concentrated  solution  of  this  salt  is  digested  with  iodine,  a  brown 
solution  is  obtained,  the  nature  of  which  is  not  understood. 

IfydrobronuUeof  Ammonia  is  a  white  anhydrous  salt  which  may  be  formed 
by  similar  processes  as  the  hydriodate.  It  is  soluble  in  water,  and  crystal- 
lizes by  evaporation  in  quadrilateral  prisms. 

ihjirofiuate  of  Ammimia. — It  is  prepared  by  mixing  1  part  of  sal  am- 
moniac with  2^  of  fluoride  of  sodium,  both  dry  and  in  fine  powder,  gently 
heating  the  mixture  in  a  platinum  vessel,  and  receiving  the  sublimed  salt  in  a 
second  platinum  vessel,  the  temperature  of  which  is  not  allowed  to  exceed 
21S^.  Chloride  of  sodium  is  generated,  and  hydrofluate  of  ammonia  is  ob- 
tained in  small  anhydrous  prismatic  crystals,  which  may  be  preserved 
unchanged  in  the  air,  is  partly  soluble  iu  alcohol,  and  dissolves  readily  in 
water.  At  an  elevated  temperature  it  fuses  before  subliming.  It  acts  power- 
fully on  glass  even  in  its  dry  state. 

When  this  salt  is  introduced  in  a  dry  state  into  ammoniacal  gas,  absorp- 
tion ensues,  and  the  resulting  salt  appears  to  be  a  dihydrofluate  of  ammonia. 
By  sublimation  it  loses  ammonia  and  becomes  neutraJ.  An  acid  salt,  appa- 
rently a  bihydrofluate,  is  ubtained  by  CTaporating  the  aqueous  solution  of 
the  neutral  hydrofluate,  ammonia  being  disengaged.  If  the  evaporation 
take  place  at  100°,  it  separates  in  crystalline  grains,  which  redden  litmus,  and 
deliquesce  rapidly  at  common  temperatures. 

H^drofulphate  of  Ammonia, — ^Tbis  salt,  also  called  hydrosolphuret  of  am- 
moma,  and  formerly  the  fuming  liquor  of  Boyle,  is  prepared  by  heating  a 
ipixture  of  one  part  of  sulphur,  two  of  sal  ammoniac,  and  two  of  unslaked 
lime.  The  changes  which  ensue  have  been  explained  by  6ay.Lussac. 
The  volatile  products  are  ammonia  and  hydrosulphate  of  ammonia;  and 
the  fixed  residue  consists  of  sulphate  of  lime  with  chloride  and  sulphuret 
of  calcium.  The  hydroeulphuric  acid  is  formed  from  the  hydrogen  of 
hy^drochloric  acid  uniting  with  sulphur,  and  the  oxygen  of  the  sulphuric 
acid  is  derived  from  decomposed  lime,  the  calcium  of  which  is  divided 
between  the  chlorine  of  the  hydrochloric  acid  and  sulphur.  Hydrosul- 
phate of  ammonia  may  also  be  formed  by  the  direct  union  of  its  con- 
stituent gases,  and  if  they  are  mixed  in  a  gloss  globe  kept  cool  by  ice,  the 
salt  is  deposited  in  crystals.  It  is  much  urad  as  a  reagent,  and  for  this  pur- 
pose is  usually  prepa^  by  saturating  a  solution  of  ammonia  with  hydro- 
sulphuric  acid  gas. 

HydrocyawUe  €f  ^mmonitf.— This  salt  is  a  constant  product  of  the  de- 
structive distillation  of  animal  substances,  and  may  be  obtained  in  a  pure  state 
by  saturating  hydrocyanic  acid  with  ammonia.  It  is  extremely  volatile,  and 
crystallizes  when  condensed  in  cubic  crystals.  It  is  very  liable  to  spon- 
taneous decomposition,  when  it  becomes  black,  from  the  separation  of  a 
carbonaceous  mass  which  retains  nitrogen. 

SulphocyanaU  of  Ammonia  is  prepared  by  neutralizing  hydrosulphocyanic 
acid  with  ammonia,  or  heating  a  mixture  of  dry  sulphocyanuret  ofpotasHium 
and  sal  ammoniac.  It  is  very  soluble,  deliquesoes  in  the  air,  and  crystallizes 
with  difficulty. 

FUuhoraUt  of  Ammonia, — Fluoboric  acid  combines  with  three  times  and 
with  twice  its  volume  of  ammoniacal  gas,  forming  a  trifluoborate  and  difluo- 
borate,  which  are  Uqnid  at  common  temperatures.  The  neutral  fluoborate 
IS  formed  of  equal  volumes  of  its  constituent  gases,  and  is  a  wiiitc  volatile 
salt,  soluble  in  water,  but  which  cannot  be  recovered  from  the  solution ;  for 
on  evaporation,  a  subfluoborate  of  ammonia  is  ezpelled,  and  boracic  acid  is 
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left  in  Mlation.    The  nevtral  flnobonte  is  formed  by  hmJdng  i^mAf 
of  the  mibfluobonttei. 

FUtotitieaU  of  itmifMma.r-.FIaoMficic  acid  and  unnMiuaeBl  gy  vnite 
by  Tolooie  in  the  ratio  of  1  to  3.  forming  a  white  volalile  aalt  iniich  im  4d> 
compoeed  by  water. 

Carboimlphatt  of  ^mmontaw— When  drj  ammoDiaeal  gae  is  hrooffbt  info 
contact  with  biaulphuret  of  carbon,  direct  oombiDation  eneoea,  and  Siers  le- 
aolta  an  uncrvatalline  aolid  raaaa  of  a  atraw-yeUow  ooloor,  which  may  be 
aabliaied  without  decompoaition.  By  contact  with  water,  or  exposure  to 
a  moist  air,  an  interchange  ensues  between  the^  elements  of  water  and  hi- 
solphoret  of  carbon,  giving  rise  to  hydrosulphnric  and  carbonic  acids  ;  and 
a  sulphur-salt  of  an  orange-yellow  colour,  the  hydrocarbosolphnret  of  axn^ 
monia,*  is  generated. 

Arumto-pernilphate  of  itinmoasa.^— Bemlios  states  that  when  dry  persnl- 
phnret  of  arsenic  is  exposed  to  ammoniacal  gas,  absorption  ensues,  and  a 
yellowish-white  compound  results;  but  the  elements  are  united  by  a  ieehfo 
attraction,  and  on  mere  exposure  to  the  air,  the  ammonia  escapes. 

SALTS  OF  PHOSPHDRETTED  HYDROGEN. 

Roee  has  lately  called  the  attention  of  chemists  to  the  dose  analogy  which 
exists  in  the  composition  of  ammonia  and  phosphnretted  hydrogen,  and  in 
some  of  their  properties.  The  latter  is  a  feeble  alkaline  base,  which  com- 
bines with  some  of  the  hydracids.  The  salt  best  known  is  the  hydriodate 
of  phosphuretted  hydrogen,  first  noticed  by  Gay-Lussac,  which  is  mtmed  of 
127^  parts  or  one  eq.  of  acid  and  34.4  parts  or  one  eq.  of  base,  and  crys- 
tallixes  in  cubes.  The  crystals  are  permanent  while  quite  dry ;  but  with 
water,  or  the  moisture  of  the  air,  they  yield  a  solution  of  hvdriodic  acid, 
and  phosphuretted  hydrogen  gas  esoapes.  These  salts  are  all  decomposed  bj 
water,  and  exist  only  in  the  uihydroos  state. 


SECTION  III. 

CLASS  OF  SALTS.    ORDER  IIL 

SULPHUR-SALTS. 

The  compounds  described  in  this  section  are  double  sulphorets,  just  as 
the  oxy-salis  io  general  arc  double  oxides.  Their  resemblance  in  composi. 
tion  to  salts  is  perfect  The  principal  aulphur-baoet  are  the  protosulphnrels 
of  potassium,  sodium,  lithium,  barium,  strontium,  calcium,  and  magne- 
sium, and  hydrosulphate  of  ammonia ;  and  the  principal  oulpkur^aeidt  are 
the  sulphurets  of  arsenic,  antimony,  tungsten,  molybdenum,  tellarinm,  tin, 
and  gold,  together  with  hydrosulphuric  acid,  hydrosulphocyanic  acid,  faisol- 
phurct  of  carbon,  and  sulphuret  of  selenium.  The  sulphur-salta  with  two 
metals  are  so  constituted,  that  if  the  sulphur  in  each  were  replaced  by  an 
equivalent  quantity  of  oxygen,  an  oxy-salt  would  result  The  analogy  bo- 
tween  oxy -salts  and  sulphur-salts  is  rendered  still  closer  by  the  circumstance 
that  hydrosulphuric  and  hydrosulphocyanic  acids  have  the  churacteristie 
properties  of  acidity,  and  unite  both  with  ammonia  and  with  sulphur-h 


*  It  is  not  very  clear  what  combination  Dr.  Turner  intends  by  the  name, 
hydro-carhoBulphuret  of  ammonia;  but  it  is  probable  that  he  means  to  doig. 
nate  the  sulphur-salt  called  further  on,  carbo^oulphurot  of  kudrotulpkaUof 
-nio.    See  page  AlS.'^Ed, 
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The  milpharsaltB  may  be  divided  into  famiiies,  characterized  by  oontain. 
ing  the  same  sulphur-acid.  For  the  purpose  of  indicatingr  that  such  salts 
are  double  sulphurets,  aa  well  as  to  distinguish  them  readily  from  other 
hinds  of  salts,  I  shall  construct  the  generic  name  of  each  &mily  from  the 
Bulphur-acid  terminated  with  sulphuret.  Thps  the  salts  which  contain 
persulpburet  of  arsenic  or  hydrosulphuric  acid  as  the  sulphur^cid  are  term- 
ed ar9enio-9ulphureU  and  hydro-milpkureU  ;  and  a  salt  composed  of  each  oi 
these  sulphur-acids  with  sulphuret  of  potassium  is  termed  anemo^ndphurtl 
and  hydrosulpkurti  of  sulphuret  of  potassium.  For  the  sake  of  brevity 
the  metal  of  the  base  may  alone  be  expressed,  it  being  understood  that  the 
positive  metal  in  a  sulphur-salt  enters  as  a  protosulphuret  into  the  com* 
pound.* 

HYDRO-SULPHURETS. 

I 

.  The  sulphur-salts  contained  in  this  group  have  h^dro-sulphuric  acid  for 
their  electro-negative  ingredient  Most  of  them  which  have  been  studied 
are  soluble  in  water,  and  may  be  obtained  in  crystals  by  evaporation.  They 
are  decomposed  by  exposure  to  the  air,  yielding  at  first  bisulphurets  of  the 
metal,  and  then  a  hyposulphite.  By  acids  the  hydrosulphunc  acid  is  ex- 
pelled with  e&rvescenoe.    They  are  thus  constituted : — 


Name.  Sulphur-base.    Sulphur-acid. 

^tt^um''^!'""*'!^^}^-^    leq.+17.1     leq. 

Ditto  sodium  39.4 

Ditto  lithium  26.1 

Ditto  barium  84.8 

Ditto  strontium   .  59.9 

Ditto  calcium      .  36.6 

Ditto  magnesium  28.8 


leq.  +  17.1 
1  eq.+17.1 
Jeq.  +  17.1 
leq.4-17.1 
leq.-fl7.1 
leq.+  17.1 


leq.= 
leq.= 
1  eq.: 
leq.= 
1  eq.^ 
1  eq.= 


Equlv.      Formule. 

a  72.35  KS+H& 

=  56.5  NaS+HS. 

=  435  LS+HS. 

=101.9  BaS+HS. 

=  77.  SrS+HS. 

=  53.7  CaS+HS. 

:  45i)  MgS+HS. 


Hydrti-tvlphurtt  of  Poiasrium, — ^This  salt  is  obtained  in  the  anhydrous 
state  by  introducing  anhydrous  carbonate  of  potassa  into  a  tubulated  retort, 
transmitting  through  it  a  corrent  of  hydrosulphuric  acid  gas,  and  heating 
the  salt  to  low  redness.'  The  mass  becomes  black,  fuses,  and  boils  from  the 
escape  of  carbonic  acid  gas  and  aqueons  vapour ;  and  afler  the  ebullition 
has  ceased,  the  gas  is  continued  to  be  transmitted,  until  the  retort  is  quite 
cold.  The  resulting  anhydrous  hydro-sulphuret  of  potassium,  though  Uack 
while  in  fusion,  is  white  when  cold,  and  of  a  crystalline  texture ;  but  if  air 
had  not  been  perfectly  excluded,  it  has  a  yellow  tint,  owing  to  the  presence 
of  some  bisulphuret  of  potassium.  * 

The  same  salt  is  prepared  in  the  moist  way  by  introducing  a  solution  of 
pure  potassa,  free  firom  carbonic  acid,  into  a  tubulated  retor^  expelling  at- 
mospheric air  by  a  current  of  hydrogen  gas,  and  then  saturating  the  solu- 
tion with  hydrosulphuric  acid.  At  first  the  potassa,  as  in  the  former  pro- 
cess, interchanges  elements  with  the  gas,  yielding  water  and  protosulphuret 


*  Dr.  Hare  has  adopted  an  ingenious  plan  for  naming  the  sulphur-salts, 
founded  on  the  nomenclature  of  the  oxy.salts.  Considering  the  electro- 
DCffative  sulphuret  in  the  sulphur-salts  as  performing  the  part  of  an  acid,  he 
caUs  it  an  acid,  and  forms  its  name  by  changing  the  termination  of  the  ele- 
ment with  which  the  sulphur  is  combined  into  ic,  and  prefixing  $ulph  or 
mUpho.  Thus,  taking  the  examples  given  by  Dr.  Turner,  he  calls  persul- 
phurct  of  arsenic,  stUphartenie  add,  and  its  sulphur-salts,  Bulpharwmate$ ; 
while  he  denominates  hydrosulphuric  acid,  nUphydrie  acid,  and  its  salts 
mJpAydraiea.  In  indicating  the  sulphur-base,  Dr.  Hare  has  adopted  the 
same  plan  which  Dr.  Turner  recommends  in  the  text,  of  expressing  the 
laetal  only  of  the  sulphur-base,  the  metal  being  understood  to  be  in  the 
•Ut«  «f  pcQlQsulpharetr— £  J. 
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of  ^  poUnnim ;  after  which  the  protomilphuret  anitet  with  hydraflolphitric 
acid.  Tlio  solution  should  be  evaporate!  in  the  retort  to  the  oonsistenoe  of 
svrup,  a  current  of  hydrogen  gas  being  transmitted  through  the  apparatus 
the  whole  time ;  and  on  cooling  the  sdt  crystallizes  in  large  four  or  six- 
sided  prisms,  which  are  colourless  if  air  was  perfectly  excluded.  The  crys- 
tals contain  water  of  crystallization,  have  an  acrid,  alkaline,  and  bitter  taste, 
deliquesce  in  open  vessels,  and  dissolve  fVecly  in  water  and  alcohoL  On 
exposure  to  the  air  it  acquires  a  yellow  colour,  from  the  formation  of  buul- 
phuret  of  potas»ium. 

Hydro-Mulphuret  of  Sodium, — It  is  prepared  on  the  same  principles  as  the 
former  salt,  and  yields  by  evaporation  colourless  crystals.  When  a  hot  can- 
centratcd  solution  is  mixed  with  a  solution  of  hydrate  of  soda  also  ooooen. 
trated,  the  mixture  on  cooling  depositee  four^ided  prisms,  which  are  proto> 
sulphuret  of  sodium  with  water  of  crystallization.  The  interchange  of 
elements  is  such  that 

1  eq.  hydrosiilph'iret  and  1  cq.  soda    3    S  eq  sulphnret  and  1  eq.  water. 
(Na  +  S)  +  CH  +  S)       Na  +  0  g.      2(Na+S)  H+0. 

Hydro-ndpkuret  of  LUhium  may  be  prepared  in  the  same  way  as  the  two 
former  salts,  and  is  left  by  evaporation  as  a  crystalline  solid*  When  heated 
in  close  vessels  it  parts  with  its  water  of  crystallisation,  and  like  the  two 
former  salts  retains  its  acid  even  at  a  red  heat 

Hydro-9ulpkuret  of  Barium, — It  is  prepared  by  the  action  of  hydrosol. 
phuric  acid  on  a  solution  of  baryta  with  the  precautions  already  mentioned 
for  excluding  atmospheric  air,  and  crystallizes  by  evaporation  in  four-aided 
prisms,  which  are  very  soluble  in  water,  but  dissolve  sparingly  in  alcohol 
The  crystals  part  with  their  water  of  crystallization  when  heated,  and  at  a 
commencing  red  heat  give  out  hydrosulphuric  acid,  leaving  pore  ralphnret 
of  barium. 

Hydro-tulpkuret  of  Strontium  is  prepared  like  the  former  salt,  and  crys- 
tallizes in  large  radiated  prisma,  which  when  quite  dry  may  be  kept  seTeral 
days  exposed  to  the  air  without  change.  When  heated  it  loses  ita  water 
and  acid,  and  protosulphuret  of  strontium  as  a  white  powder  u  left. 

Hydro-^ulphuret  of  Calcium  is  formed  in  the  same  manner  as  the  pre- 
ceding salts ;  but  it  exists  only  in  solution ;  for  on  attempting  to  crystallize 
by  evaporation,  hydrosulphuric  acid  is  driven  off,  and  the  sulphuret  of  cal- 
cium in  prisms  of  a^ilky  lustre  is  deposited.  The  hydro-sulphuret  of  mag- 
nesium likewise  exists  only  in  solution. 

HYDRO-SULPHOCYANURETS. 

The  acid  of  these  salts  is  hydrosulpliocyanic  acid.  The  only  ones  yet 
known  are  those  of  sulphuret  of  potassium  and  hydrosulphate  of  ammonia, 
which  are  thus  constituted : — 

Names.      Sulphur-base.    Sulphur-acid.   Equiv.  Formnhe. 

Hydro-sulpho- ) 

cyan,  of  po-  \  S5Si5  1  eq.-f  59.59  I  eq.sII4.84  KS-f  HCySs. 

tassium         ) 
Hydro-sulpho- " 

34.35  1  eq.-f  59.59  1  cq.=:  93.84  (H3N+HS).f  HCySs. 

Hydro-Bulphoeyanuret  of  Potassium.— ZeiBe  prepares  this  salt  by  decom- 
posing with  pure  potassa  the  corresponding  ammoniacal  salt,  and  evapo- 
rating in  vacuo  alongwith  sulphuric  acid,  which  unites  both  with  iU  water 
and  free  ammoniri^  The  residue  is  a  white  crystalline  salt,  soluble  both  in 
water  and  alcohol. 

H^ro-suMvKyanuret  of  Hydrosulphate  of  Ammoma.-^l\  is  prepared,  ac- 
cording to  Zeise,  by  saturating  with  ammoniacal  gas  100  measures  of  alco- 
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hol  At  m  temperature  of  60^,  dilating  with  50  meaiuree  of  alcohol,  and  add- 
ing  16  measureB  of  bisulphuret  of  carbon.  In  about  half  an  hour  a  depoaite 
of  oarbo-aulphuret  of  hydroeulphate  of  ammonia  ensues,  which  is  aeparoted 
by  filtration  through  linen,  and  the  clear  liquor  is  received  in  a  flask,  tightly 
corked,  and  exposed  for  10  hours  to  a  temperature  of  60°.  It  is  then  ex- 
poied  for  24  hours  to  a  cold  of  3:2^,  during  which  the  hydro-sulphocyanuret 
separates  in  long  brilliant  crystals  of  a  lemon-yellow  colour.  The  crystals 
are  first  washed  with  eold  alcohol  and  then  with  ether,  and  dried  on  bibu- 
lous pi^r,  and  in  vacuo.  Xbey  may  be  preserved  in  a  dry  state,  but'  de- 
oonpoae  readily  when  moist,  mnd  are  very  soluble  in  water. 

CARBO^ULPHURETS. 

The  acid  of  these  sulphur-salts  is  bisulphuret  of  carbon;  and  the  salts 
themselves  are  thus  constituted ; — 

Names.      Sulphur-base.     Sulphur-acid.    Equiv.        FornnilflB. 

^^^rf^to^^um*  (  ^^'^  Icq.-f  38.32  1  eq«  93.57  KS+CS«. 

Ditto  sodium         39.4  1  eq.4.38.32  I  eq.=  77.72  NaS^-CSa. 

Ditto  lithium         26.1  1  cq.^  38.32  1  eq.=  64.42  LS+CSa. 
Ditto  hydrosul-  i 

phate  of  am->34J25  1  cq,+ 38.32  1  eq.=  72.57  (HsN-f  HS)+CS». 

monia  ^ 

Ditto  barium  84.8  1  eq.4.38.32  ]  eq.=123.12  BaS^-CS^. 

Ditto  strontium      59.9  1  eq.4-38.32  1  eq.=  98.22  SrS -(.OS*. 

Ditto  calcium        36.6  1  eq.-f  38.32  1  eq.=  74.92  CaS  +  SC^. 

Ditto  magnesium  28.8  1  eq.4-38.32  1  eq.=  67.12  MgS+CSa. 

CkLrhosulphurei  of  Potassium* — On  agitating  bisulphuret  of  carbon  with  a 
strong  alcoholic  solution  of  protosulphuret  of  potassium,  the  liquid  when  set 
at  rest  separates  into  three  layers,  the  lowest  of  which  is  carbo-sulphuret  of 
potassium,  and  is  of  the  consistence  of  syrup.  Another  process  is  to  digest 
bisulphuret  of  carbon  at  86°  in  a  corked  bottle  fiill  of  a  strong  aqueous  solu- 
tion of  protosulphuret  of  potassium,  until  the  latter  is  saturated.  A  concen- 
trated  solution  of  this  salt  is  of  a  deep  orange,  almost  red,  colour;  and  when 
evaporated  at  86°  to  the  consistence  of  syrup,  a  deliquescent  yellow  crystal- 
line salt  is  deposited,  which  is  sparingly  soluble  in  alcohol.  On  heating  it 
to  150°  it  gives  off  water  of  crystallization;  and  when  more  strongly  heated 
it  is  resolved  into  teniulphuret  of  potassium  and  charcoal. 

Carbo-sulphuret  of  Sodium,-^-li  is  prepared  like  the  former  salt,  and  sepa- 
rates in  yellow  crystals  from  a  very  concentrated  solution.  It  is  deliques- 
cent, and  di8.solve8  readily  in  alcohol  as  well  as  water. 

Carbo^ulphuret  of  Lithium  resembles  the  preceding  salt,  and  is  very  so- 
luble in  water  and  alcohol. 

Carbo-sulphuret  of  Hydrosulphaie  of  Ammonia, — ^Zeise  prepares  this  salt 
bjr  filling  a  bottle  with  ten  measures  of  nearly  absolute  alcohol  saturated 
with  ammoniacal  gas  and  one  measure  of  bisulphuret  of  carbon,  and  insert- 
ing a  tight  cork.  As  soon  as  the  liquid  has  acquired  a  yellowish-brown  co- 
lour, the  botUe  is  plunged  into  ice-cold  water,  when  the  carbo-sulphuret  is 
deposited  either  in  yellow  pennifbrm  crystals  or  as  a  crystalline  powder. 
The  whole  is  thrown  upon  a  linen  filter,  and  tiie  salt  after  being  washed, 
first'  with  absolute  alcohol  and  then  with  ether,  is  dried  by  pressure  within 
iblds  of  bibulous  paper.  This  salt  is  very  volatile,  passing  off  entirely  at 
common  temperatures,  and  can  only  be  preserved  in  well-corked  botties. 
Exposed  to  the  air  it  absorbs  humidity  and  acquires  a  red  colour.  Its  solu- 
tion may  be  kept  unchanged  in  botties  filled  with  it  and  tightiy  corked. 

The  oarbo-siuphurets  m  barium,  strontium,  and  ealcium,  may  be  obtained 
by  acting  on  bisulphuret  of  carbon  with  a  solution  of  the  protosulphurets  of 
those  metals.  The  resulting  solutions  are  of  an  orange  or  brown  colour, 
and  the  salts  deposited  by  evaporation  are  of  a  citron-yeUow  when  quite  cbi^ 
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of  poUMktm ;  after  which  the  protorolphuret  unites  v 
acid.    Tlie  Boliition  ahould  be  evaporated  in  the  rcto- 

Bvrup,  a  current  of  hydrogen  gna  being  Iranamitf '  ^^,  >^y^  carbo-sulplmref 
tne  whole  time;  and  on  cooling  the  salt  cryst     ^^  ^p  magneua  to  a.  solo- 
aided  prisms,  which  are  colourless  if  air  wa«-      ^  ^^  prepared  aeirenl  car- 
Ulscontain  water  of  crystallization,  have        ^ 
deliquesce  in  open  vessels,  and  disso' 
exposure  to  the  air  it  acquires  a  ye'*      J'nURETS. 
phuret  of  potassium. 

Hydro-^ulphuret  of  Sodium, — *  ,  'jree  sulphurets  of  arsenic  (page  358)  is 
former  salt,  and  yields  by  evap  ^  |iving  rise  to  three  distinct  fiimxliefl  of 
centrated  solution  is  mixed  v  -^'the  terms  araenia-penulpkureU,  armenia- 
trated,  the  mixture  on  ooo^      ^otulfkuretB, 

Bulphuret  of  sodium  wit'      ^'t  very  powerful  sulphur-acid,  violently  dia. 

elements  is  such  that  ^/rom  its  combinations  with  sulphur-bases,  even. 

1  eq.  hydrosulphnm'     J^^ ^Jjf «>  digested  with  earthy  or  alkaline  carbo- 

(Na  +  S)  +  (H       '<  »c^^    ^"®  "^^  ^'  "U"  sulphur-acid  may  be  pre- 

Hydro-tulpkurtf  ^  persulphuret  of  arsenic  in  a  solution  of  a  sulphur- 
former  salts,  and  ^^,^1  of  potassium  or  sodium,  until  it  is  saturated.  The 
in  close  vessel-  ^nio-pcrsulphuret  may  be  employed  to  prepare  insoluUe 
former  salts  r     y-^^iphur-acid  by  means  of  double  decomposition.     If  a  per- 

Hydro^u    ,  ^j^um  is  used,  sulphur  is  deposited. 
phuric  aci      ^^xjiing  a  hydrosulphuret  of  a  sulphur.base  with  persnlpharet 
for  exclu       /'  yfhich  case  hydrosulphuric  gas  is  disengaged  with  emrFcs- 
prisms,     ^i'^  ^ 

^  ^*  /  j^mpoeing  a  solution  of  an  arseoiate  by  means  of  hydrosulphoric 
*^*" ''    '  ^rdrosulphate  of  ammonia. 

^^  -^    '"'if  disaoWmg  persulphuret  of  arsenic  in  a  solution  of  caustic  alkali, 
Vpotassa;  when  an  interchange  of  elements  between  portions  of  the 
^9    Agjid  persulphuret  ensues,  whereby  arsenic  acid  and  protosulphuret  of 
'    ^ium  are  generated.    In  this  case 

/^  persulphuret  At  5  eq.  potassa  3  1  cq.  arsenic  acid  &  5  eq.  protosulphuret 
'^2A8+5S  5{K-fO)     g.         2A8-f.50  5(K+S). 

pgo  salts  are  thus  generated  and  co-exist  in  the  solution,  namely,  aneniate 
of  potassa  and  arsenio-persulphuret  of  potassium.  Similar  chan^  invaria. 
blv  occur  when  sesquisulphuret  of  arsenic,  sesqnisulphuret  of  antimony,  and 
other  sulphur-acids  are  b<Nled  with  alkaline  solutions :  an  oxy-sah,  the  aeid 
of  which  is  formed  of  oxygen  and  the  electro-negative  metal,  is  always  geoe- 
ratcd ;  and  this  salt,  if  soluble  in  water,  remains  together  with  the  sulphur- 
salt  in  solution.  An  alkaline  carbonate  may  be  substituted  for  a  pure  alkali, 
but  then  carbonic  acid  is  expelled.  These  principles  are  concerned  in  the 
production  of  kermes,  as  already  explained  (page  378). 

5.  The  last  method  which  requires  mention,  is  by  exposing  a  mixture  of 
persulphuret  of  arsenic  and  an  alkaline  carbonate  to  a  red  heat  in  a  covered 
vessel.  Carbonic  acid  gas  is  disengaged ;  and  an  interehange  of  elements, 
similar  to  that  just  explained,  takes  plaee  between  a  portion  ^  the  alkali  and 
the  sulphuret  The  fused  mass,  accordingly,  contains  an  arseniate  of  the 
alkali,  as  well  as  sulphur-salt  This  tendency  to  the  formation  of  a  double 
sulphuret  is  the  reason  why,  in  decomposing  orpiment  by  black  flux,  the 
whole  of  the  arsenic  is  never  sublimed ;  a  part  is  uniformly  retained  in  the 
form  of  a  sulphur-salt,  the  ar8enio.sesquisulphuret  of  sulphuret  of  potassium. 

Most  of  the  arsenio-persulphurets  of  the  second  class  of  metals  are  insolu- 
ble ;  but  those  of  the  metals  of  the  alkalies  and  alkaline  earths  are  very  so* 
luble  in  water,  have  a  Icmon-yellow  colour  in  the  anhydrous  state,  and  are 
colourless  when  combined  with  water  of  crystalliiation  or  in  solution. 
When  exposed  to  heat  in  close  vessels  they  give  off  sulphur,  and  an  arsenio- 
sesquisulphuret  is  generated.    In  the  solid  state  they  are  very  permanent  in 

"%  air,  and  even  in  s<^ution  oxidation  takes  place  with  great  slowness, 
n  decomposed  by  an  acid,  persulphuret  of  arsenic  subsides,  hydrosul- 
c  acid  gas  escapes,  and  a  salt  of  the  alkali  is  generated.    Some  che- 
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"^ 


doubt  the  possibility  of  the  arsenio-persulpburets  dissolving  as 

*er :  thej  may  consider  the  arsenic,  and  the  metal  of  the  sul- 

"  united  with  oxygen,  and  all  the  sulphur  with  hydrogen ;  but 

if  followed  out,  leads  into  such  complex  and  improbable 

jination,  that  I  see  no  alternative  but  implicitly  to  admit  the 

>  .do]^ted. 

blowing  table  exhibits  the  composition  of  the  principal  arsenio- 
^nurets : — 

Names.         Sulph.-base.    Sulph.-acid. 


Diarsenio-persulph.do.  110.5 
Arsenio-persulph.  do.     55.25 
Triarsenio-persulph.  j  1 1  q  q 
of  sodium    .         r    -^ 

Do.    in  crystals  with  270  or  30  cq.  of  water 


3  cq.+155.9 

2  eq.+155,9 
1  eq.+  I55.9 

3  cq.+155.9 


Equiv. 

1  eq.=32l.65 

1  eq.»266.4 
1  eq.i»2U.15 

1  cq.«274.1 

544.1 


Formu]c« 

3KS+As«S«. 

2KS4-As«S», 
KS+As'^S«; 

3NaS+As«S«, 


Piarsenio-persulph.do.  78.8 

Arsenio-persulph.  do.  39.4 
Triarsenio-persulph.  i 

of  hydrosulphate  V  102.75 
of  ammonia  ^ 

Diarsenio-persulph .  da    68.5 

Arsenio-persulph.  do.  34.25 


2  eq.+ 155.9 
1  eq.+ 155.9 


1  eq.=234.7 
1  eq.»  195.3 


3eq.l-f55.9    leq.» 


2  eq+155.9 
1  eq.+155.9 


leq.: 
1  eq.: 


2Na&4.AsaS<. 
NaS4-As?S«. 

25a65i3^»'5^+«8) 

2(H8N-fHS) 

.   +As8S*. 

(H3N+HS) 

+As«S«. 


»224'4  < 
» 190.15 


Arsenio-ptrsulphureU  of  Potassium, — The  diarsenio-persulphuret  is  best 
obtained  by  the  action  of  hydrosulphuric  acid  gas  on  the  diarseniate  of  po- 
tassa,  and  yields  a  colourless  solution.  By  evaporation  in  vacuo  it  is  reduced 
to  a  yellowish  viscid  mass  which  dries  imperfectly,  but,  when  exposed  for 
some  time  to  the  open  air,  at  length  becomes  a  crystalline  mass  of  a  lemon- 
bellow  colour,  in  which  rhomboidal  tables  are  perceptible.  When  this  salt 
IS  mixed  with  alcohol,  it  is  resolved  into  the  tnarscnio-persulphuret,  which 
is  insoluble  in  the  alcohol,  and  the  arsenio-persulphuret,  which  remains  in 
solution.  The  latter  has  not  been  obtained  ia  the  solid  state.  The  former 
is  deliquescent  and  very  soluble  in  water :  but  when  its  solution  is  gently 
evaporated,  the  residue  has  a  radiated  crystalline  texture. 

ArBenio.per8ulphureis  of  Sodium, — ^The  diarsenio-persulphuret  is  formed 
like  the  corresponding  salt  of  potassium,  is  very  soluble  in  water,  and  by 
evaporation  yields  a  fomon-yellow  mass,  which  attracts  humidity  from  the 
air.  On  mixing  its  solution  with  alcohol  it  is  resolved  into  the  arsenio- 
persulphuret  and  triarsenio-persulphuret  of  sodium,  and  the  latter  falls  in 
scaly  crystals  of  snowy  whiteness,  which  may  be  collected  on  a  filter,  wash- 
ed with  alcohol,  and  dried  without  change.  This  salt  by  solution  in  water 
and  evaporation  may  be  obtained  in  rhombeidal  tables  or  prisms  derived 
from  a  rhombic  prisma  The  crystals  undergo  no  change  in  the  air,  and 
contain  thirty  equivalents  of  water.  The  arsenio-persulphuret  has  been 
obtained  only  in  solution.  The  arsenio-peraulphuntt  of  lithium  are  very 
analogous  to  those  of  sodium. 

Artenio-permlphurtts  of  hydrosulphate  of  Ammonia, — ^The  diarsenio- 
persulphuret  is  obtained  as  a  colourless  solution  by  decomposing  with 
bydrosulphuric  acid  gas  a  solution  of  diarseniate  of  ammonia.  By  sponta- 
neous evaporation  it  becomes  a  viscid  mass  of  a  reddish-yellow  colour,  and 
which  cannot  be  fully  dried  without  decomposition.  When  its  solution  is 
mixed  with  hydresulphate  of  ammonia  and  agitated  with  hot  alcohol,  the 
triarsenio-sulphuret  is  deposited  in  colourless  prisms,  which,  aAer  being  well 
washed  with  alcohol  and  dried  on  bibulous  paper,  undergo  no  change  by  . 
exposure  to  the  air.  The  arsenio-pcrsulphuret  remains  in  the  alcoholic 
solution. 

Analogous  salts  may  he  similarly  prepared  with  barium,  strontium,  ^gj^ 
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The  cftrbo-sulphuret  of  Imriam  ia  of  sparing  solubility.  The  carbo4nilphiiret 
of  magiieaiua]  is  best  prepared  by  adding  sulphate  of  magnesia  to  a  sola- 
tion  of  carbo-sulphuret  of  barium.  Berzelios  has  also  prepared  seTcral  car- 
bo^ulphurets  of  the  metals  of  the  second  class. 

ARSENIO.SULPHURETS. 

Berzelius  finds  that  each  of  the  three  sulphurets  of  arsenic  (page  358)  ia 
capable  of  acting  as  a  sulphur-acid,  giving  rise  to  three  distinct  frmillee  of 
sulphur-salts,  distinguishable  by  the  terms  ar$enia-per9ul^urtia^  arsenso- 
setquiMulphureU,  and  arsenia-proio8ulpkuret9. 

Pcrsulphuret  of  arsenic  is  a  very  powerful  sulphur-acid,  TidenUy  dis- 
placing  hydrosnlphuric  acid  from  its  combinations  with  sulphur-bases,  even 
at  common  temperatures ;  and  when  digested  with  earthy  or  alkaline  carbo- 
nates, it  expels  carbonic  acid.  The  suts  of  this  sulphur-acid  may  be  pre- 
pared by  several  methods  i-^ 

1.  By  digesting  the  pcrsulphuret  of  arsenic  in  a  solution  of  a  sulphur, 
base,  such  as  a  sulphurct  of  potassium  or  sodium,  until  it  is  saturated.  The 
resulting  soluble  arsenio-persulphuret  may  beemployed  to  prepare  Insoluble 
salts  of  txie  same  sulphur-acid  by  means  of  double  decomposition.  If  a  per- 
sulphuret  of  potassium  is  used,  sulphur  is  deposited. 

2.  By  decomposing  a  hydrosulphuret  of  a  sulphur.base  ¥ritb  pcrsulphuret 
of  arsenic,  in  which  case  hydrosulphuric  gas  is  disengaged  with  erorTes- 
cence. 

3.  By  decomposing  a  solution  of  an  arseniate  by  means  of  hydroeulphoric 
acid  or  hydrosulphate  of  ammonia. 

4.  By  dissolving  pcrsulphuret  of  arsenic  in  a  solution  of  caastic  alkaii, 
such  as  potassa;  when  an  interchange  of  elements  between  portions  of  the 
alkali  and  persulphuret  ensues,  whereby  arsenic  acid  and  protosulphuret  of 
potassium  are  generated.    In  this  case 

1  eq.  persulphuret  Ad  5  eq.  potassa  S  1  eq.  arsenic  acid  &  5  eq.  protosulphuret 
2As-f5S  5(K-fO)     g,         2A8.f,50  5(K-fS). 

Two  salts  are  thus  generated  and  co-exist  in  the  solution,  namely,  arseniate 
of  potassa  and  arsenio-persulphuret  of  potassium.  Similar  chaB|es  invaria. 
bly  occur  when  sesquisulpburet  of  arsenic,  sesquisulphuret  of  antimony,  and 
other  sulphur-acids  are  btNled  with  alkaline  solutions :  an  oxy-salt,  the  aeid 
of  which  is  formed  of  oxygen  and  the  electronegative  metal,  n»  always  gene> 
rated ;  and  this  salt,  if  soluble  in  water,  remains  together  wilh  the  sulphur- 
salt  in  solution.  An  alkaline  carbonate  may  be  substituted  for  a  pure  dkali, 
but  then  carbonic  acid  is  expelled.  These  principles  are  coaoemed  in  the 
production  of  kermes,  as  already  explained  (page  376). 

5.  The  last  method  which  requires  mention,  is  by  exposing  a  mixture  of 
persulphuret  of  arsenic  and  an  alkaline  carbonate  to  a  red  heat  in  a  covered 
vessel.  Carbonic  acid  gas  is  disengaged ;  and  an  interehange  of  elements, 
similar  to  that  just  explained,  takes  plaee  between  a  portion  of  the  alkali  and 
the  sulphuret  The  fused  mass,  accordingly,  contains  an  arseniate  of  the 
alkali,  as  well  as  sulphur-salt  This  tendency  to  the  formation  of  a  double 
sulphuret  is  the  reason  why,  in  decomposing  orpiment  by  black  flux,  the 
whole  of  the  arsenic  is  never  sublimed  ;  a  part  is  uniformly  retained  in  the 
form  of  a  sulphur-salt,  the  Brsenio.8esqui8ulphuret  of  sulphuret  of  potassium. 

Most  of  the  arsenio-persulphurcts  of  the  second  class  of  metals  are  insolu- 
ble ;  but  those  of  the  metals  of  the  alkalies  and  alkaline  earths  are  very  so- 
luble  in  water,  have  a  Icmon-yellow  colour  in  the  anhydrous  state,  and  are 
colourless  when  combined  with  water  of  crystaUiiation  or  in  solution. 
When  exposed  to  heat  in  close  vessels  they  give  off  sulphur,  and  an  arsenio- 
sesquisulphuret  is  generated.  In  the  solid  state  they  are  very  permanent  in 
Uie  air,  and  even  m  solution  oxidation  takes  place  with  great  slowness. 
When  decomposed  by  an  acid,  persulphuret  of  arsenic  subsides,  hydrosnl- 
ihuric  acid  gas  escapes,  and  a  salt  of  the  alkali  is  generated.    Some  che- 
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mute  may  doubt  the  possibility  of  the  arsenio-perBulpburets  dissolving  as 
sQch  in  water :  they  may  consider  the  arsenic,  and  the  metal  of  the  snl- 
phor-base  to  be  united  with  oxygen,  and  all  the  sulphur  with  hydrogen ;  but 
this  supposition,  if  followed  out,  leads  into  such  complex  and  improbable 
modes  or  combination,  that  I  see  no  alternative  but  implicitly  to  admit  the 
views  here  adopted. 

The  following  table  exhibits  the  composition  of  the  principal  arsenio- 
persulphurets : — 

Names.         Sulph.-base.    Solph.-acid.  Equiv. 

'^tSf't^uiJSm"'**^' (  ^^'^^    3eq.+155.9     1  eq.=321.65 

1  eq.+  I55.9 
3  cq.+155.9 


I  eq.«266.4 
X  eq.«211.15 

1  cq.«274.1 


Formuls^ 
3KS+As<Ss. 

2KS4.AssS<, 

KS+As^S*; 

3NaS+As«S#. 


2Na&4.A84S<. 
NaS^-As^S*. 

I  3(HiN+HS) 
}     +A8-S*. 

)  SCHsN+HS) 
)  .   +As2S*. 
\  (H3N+HS) 
i     +AsaS». 


Piarsenio-pereolph.do.  110.5 
Arsenio-persulph.  da     55.25 
Triarsenio-persulph.  j  n  q  q 

of  sodium    .         r    -^ 

Do.  in  crysUls  with  270  or  30  eq.  of  water  =544.1 
Diarsenio.persulph.do.  78.8  2  eq.4-155.9  I  eq.=234.7 
Arsenio-persulpb.  do.  39.4  1  eq.+l^«9  1  eq.=1953 
Triarsenio-persulph.  i 

of  hydrosulphate  V  102.75    3  eq.14.55.9    1  eq.» 258.65 

of  ammonia  \ 

Diarsenio-persulph.da    68.5     2  eq+155.9    1  eq.ss 224-4 
Arsenio-persulph.  do.     34.25    1  eq.+ 155.9    1  eq.»  190.15 

ArseniO'permlpkureU  of  Potasnum.-^The  diarsenio-persulphuret  is  best 
obtained  by  the  action  of  faydrosulphuric  acid  gas  on  the  diarseniate  of  po- 
tassa,  and  yields  a  colourless  solution.  By  evaporation  in  vacuo  it  is  reduced 
to  a  yellowish  viscid  mass  which  dries  imperfectly,  but,  when  exposed  for 
some  time  to  the  open  air,  at  length  becomes  a  crystalline  mass  of  a  lemon- 
yellow  colour,  in  which  rhomboidal  tables  are  perceptible.  When  this  salt 
18  mixed  with  alcohol,  it  is  resolved  into  the  triarscnio-persulphuret,  which 
is  insoluble  in  the  alcohol,  and  the  arsenio-persulphuret,  which  remains  in 
solution.  The  latter  has  not  been  obtained  ia  the  solid  state.  The  former 
u  deliquescent  and  very  soluble  in  water :  but  when  its  solution  is  gently 
evaporated,  the  residue  has  a  radiated  crystalline  texture. 

Arsemo-perndphureis  of  Sodium. — ^The  diarsenio-persulphnret  is  formed 
like  the  correspondinff  salt  of  potassium,  is  very  soluble  ib  water,  and  by 
evaporation  yields  a  lemon-yellow  mass,  which  attracts  humidity  from  the 
air.  On  mixing  its  solution  with  alcohol  it  is  resolved  into  the  arsenio- 
persulphuret  and  triarsenio-persulph  uret  of  sodium,  and  the  latter  falls  in 
scaly  crystals  of  snowy  whiteness,  which  may  be  collected  on  a  filter,  wash- 
ed  with  alcohol,  and  dried  wiUiout  change.  This  salt  by  solution  in  water 
and  evaporation  may  be  obtained  in  rhomboidal  tables  or  prisms  derived 
from  a  rhombic  prisnh  The  crystals  undergo  no  change  m  the  air,  and 
contain  thirty  equivalents  of  water.  The  arsenio-persulphuret  has  been 
obtained  only  in  solution.  The  ar9enio.peraulphur€t$  of  iithium  are  very 
analogous  to  those  of  sodium. 

Ar8enio-per$ulphuret9  of  hydro9ulphate  of  Ammonia. — ^The  diarsenio- 
persulphuret  is  obtained  as  a  colourless  solution  by  decomposing  with 
bydrosulphuric  acid  gas  a  solution  of  diarseniate  of  ammonia.  By  sponta- 
neous evaporation  it  becomes  a  viscid  mass  of  a  reddish-yellow  colour,  and 
which  cannot  be  fully  dried  without  decomposition.  When  iU  solution  is 
mixed  with  hydresulphate  of  ammonia  and  agitated  with  hot  alcohol,  the 
triarsenio-sulphuret  is  deposited  in  colourless  prisms,  which,  af\er  being  well 
washed  with  alcohol  and  dried  on  bibulous  paper,  undergo  no  change  by 
exposure  to  the  air.  The  arsenio-persulphuret  remains  in  the  alcoholic 
solution. 

Analogous  salts  may  he  similarly  prepared  with  barium,  strontium^j 
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oium,  and  magnesium ;  and  insoluble  oompoonds  of  the  same  natnre  may 
be  formed  bj  way  of  double  decomposition  by  mixing  soluble  arsenio-pcr- 
■ulphuiets  with  ozy.salts  of  the  second  class  of  metals. 

The  salts  in  which  seequisulphuret  of  arsenic  acts  as  an  acid,  reaemble 
tiiOM  of  the  persulphuret  both  in  their  general  characters  and  m9de  of  far- 
mation.  Those  formed  with  the  protosulphnret  of  arsenic  cannot  be  made 
ia  the  mout  way  b^  direct  union  of  their  ingredients;  but  when  euhiiioms 
of  the  arsenio-sesquiflulphurets  are  evaporated,  spontaneous  deoompositiao 
takes  place,  the  salts  of  protosulphnret  of  arsenic  of  a  reddishpbrown  ookmr 
subside,  while  arsenio-persulphurets  remain  in  solution. 

MOLYBDO-SULPHURETS. 

The  electro-negative  ingredient  of  these  salts  is  the  tersnlpfauret  of 
molybdenum,  and  Uie  most  remarkable  of  them  is  the  molybdo-sulphuret  of 
potassium,  which  is  readily  formed  by  decomposing  with  faydrosulpfauric 
acid  gas  a  rather  strong  solution  of  molybdate  of  potassa.  if  no  iron  ia 
present,  the  liquid  acquires  a  beautiful  red  colour  like  the  solution  of  bi- 
chromate  of  potassa,  and  on  evaporation  prismatic  crystals  with  four  and 
eight  aides  are  deposited.  Beraelius  describes  this  compound  as  one  of  the 
must  beautiful  which  chemistry  can  produce :  the  crystals,  by  transmitted 
li^ht,  are  ruby-red,  and  their  surfaces,  while  moist  with  the  solution  which 
yidded  them,  shine  like  the  wings  of  certain  insects  with  a  metallic  hmitn 
of  a  rich  green  tint  The  crystals  are  anhj^drous,  dissolve  readily  in  water, 
but  are  insoluble  in  alcohol  On  the  addition  of  sulphuric  or  any  of  the 
stronger  acids,  a  salt  of  potassa  is  generated  with  escape  of  hydrosulphuric 
acid,  and  precipitation  of  tersulphuret  of  molybdenum. 

Soluble  molybdo-sulphurets  of  sodium,  lithium,  and  hydrosulphate  of 
ammonia  of  a  rod  colour,  may  be  obtained  by  a  process  similar  lo  that  lor 
preparing  the  preceding  compound.    The  oompoeition  of  these  salts  is  as 


Names.      Sulphur-base.  Sttlphnr<.acid. 
Molybdo-sulphuret  )  rene 

of  potassium        l"^^ 
Molybda«ulphuret  (oqa 

of  sodium  P^* 

Mol; 

ol 


26.1 


buret 
'  lithium 
Molybdo-sulphuret  ^ 
of  hydrosulphate  >  34J35 
of  ammonia         \ 


1  eq.+96 
1  eq.+96 
1  eq.+96 


Equiv. 
1  eq.=151J25 

1  eq.=:  135.4 

1  eq.= 122.1 


leq.+96    leq.«130J25 


Formulas. 

KS+MoS« 

NaS+MoS« 

LS+MoS« 

5  (HsN+HS) 
J      +MoSi 


Similarly  constituted  soluble  salts  of  a  rod  or  orange  colour  may  be  ob- 
tained  by  boiling  solutions  of  sulphnret  of  barium,  strontium,  and  calcium 
with  an  excess  of  tersulphuret  of  molybdenum.  The  insoluble  molybdo- 
•ulpburets  may  be  prepared  from  the  former  by  way  of  double  decompo- 
•ition. 

ANTIMONIO-SULPHURETS. 

When  two  parts  of  carbonate  of  potassa  are  intimately  mixed  with  four 
pf  sesquisulphurct  of  antimony  and  one  part  of  sulphur,  and  the  mixture  is 
fbsed,  an  antimonio-persulphuret  of  potassium  is  generated.  On  digesting 
in  water,  a  subantimonio-pcrsulpburet  is  dbsolved,  and  is  deposited  by  gen- 
tle evaporation  in  large  colourless  tetrahedrons,  which  become  yellow  on 
exposure  to  the  air.  The  salts  which  this  sulphur-acid  forms  with  other 
bases  have  not  been  examined. 

A  sulphur-salt  of  potassium,  in  which  sesquisulpburet  of  antimony  is  the 
aeid,  remains  in  solution  after  the  kermes  is  deposited  (379),  and  may  be 
obtained  by  evaporation  in  vacuo  in  colourless  irregular  crystals  which  deli^ 
quesce  rapidly  in  the  air- 
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TUNGSTO-SULPHURETS. 


The  best  known  of  these  salts  is  that  of  potassiam,  in  which  teranlpharet 
of  tungsten  is  combined  with  protosvilphurct  of  potassium.  It  is  formed 
when  a  solution  of  tungstate  of  potassa  is  decomposed  by  hjdrosulphuric 
acid,  and  crystallizes  by  evaporation  in  flat  quadrilateral  prisms,  which  are 
anh^^drous,  and  are  of  a  pale  red  colour.  It  dissolves  sparingly  in  alcohol, 
but  is  freely  soluble  in  water,  yielding  an  orange-coloured  solution.  When 
mixed  with  a  quantity  of  acid  insufficient  for  entire  decomposition,  it  forms 
a  bitungsto-sulphuret  of  a  brown  colour. 

The  tungsto-sulphuret  of  potassium  unites  with  tungstate  of  potassa  as  a 
double  salt,  which  yields  a  yellow  solution,  and  crystallizes  in  rectangular 
tables  of  a  lemon-yellow  colour.  It  combines  abo  with  nitrate  of  potassa, 
and  the  resulting  double  salt  crystallizes  in  largo  transparent  crystals  of  a 
ruby-red  tint,  and  when  heated  detonates  like  gunpowder. 

The  tungsto-sulphuret  of  sodium  is  prepared  from  tungstate  of  soda  by 
hydrosulpbnric  acid,  and  crystallizes  with  difficulty  in  irregular  crystals  of 
a  red  colour.  It  deliquesces  in  the  air,  and  is  soluble  in  water  and 
alcohol 


SECTION  IV. 


CLASS  OF  SALTS.    ORDER  IV. 

HALOID  SALTS. 

In  this  section  are  included  substances  composed  like  the  preceding  salts 
of  two  bi-elementary  compounds,  one  or  both  of  which  are  analofirous  in 


composition  to  sea-salt  The  principal  groups  consist  of  double  cmorides, 
double  iodides,  double  fluorides,  and  doubfe  cyanurets.  In  these  the  haloid- 
bases  belong  usually  to  the  electro-positive  metals,  and  the  haloid-adds  to 
the  metals  which  are  electro-negative.  I  shall  apply  to  them  the  same  prin- 
ciple of  nomenclature  as  to  the  sulphur-salts.* 

*  Dr.  Hare  has  adopted  for  these  compounds  the  same  plan  of  nomencla- 
ture as  for  the  sulphur-salts. — ^ee  note,  paij^e  471.  Viewing,  as  Dr.  Turner 
has  done,  the  double  haloid  salts  of  Berzehus  as  simple  sidts,  consisting  of 
two  -bi-elementary  compounds,  the  more  electro-negative  compound  acting 
the  put  of  an  acid,  the  other  of  a  base,  he  haa  applied  to  the  former  the 
generic  appellation  of  acid,  and  named  the  salts  themselves  on  the  same  plan 
as  the  ozy-salts.  Accordingly,  he  has  given  the  usual  acid  termination  to 
the  name  of  the  more  electro-positive  element  of  the  compound  acline  as 
the  add,  considering  this  element  as  the  radical,  and  prefixes  to  it  sjrll»>les 
indicating  the  other  element  Where  oxygen  is  the  electro-negative  ele- 
ment  of  an  acid,  it  is  understood  to  be  present,  without  any  syllables  being 
prefixed  to  indicate  its  presence;  but  where  other  elements  replace  oxygen 
m  compounds  having  the  nature  of  ordinary  acids,  it  is  obviously  necessary 
to  indicate  the  replacing  element  Adopting  these  prindples  of  nomenda- 
ture,  Dr.  Hare  has  chforohydrargyrates,  chloroaurates,  iodoplatinates,  bro- 
mohydrargjrates,  fluohydrates,  fluoborates,  fluosilicates,  cyanoferrates,  &c^ 
corresponding  with  Dr.  Turner's  hydrar^o-chlorides,  auro-chlorides,  plattno* 
iodides,  hydrargo-bromides,  hydro-fluondes,  boro-flaorides,  silico-fluorides, 
and  ferro-cyanurets,  &c.— £cf. 
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HYDRARGO-CHLORIDES. 


^  The  haloid^cid  of  this  family  is  bichloride  of  mercury,  which  reddens 
litmus  paper,  and  loses  the  property  when  a  haloid-base  is  present,  thus 
bearing  a  close  analog^y  to  ordinary  acids.  Its  principal  salts  which  hue 
been  examined  are  thus  eonstituted: — 

Names.         Basic  chloride.    Bichlor.  Merc.    Eqnir.        FormnfaB. 
IKhydrargo-chlo-  i 

ride  of  potas.V  149.14    9eq.+373.84^  1  eq^421J8    SKCl+H^s. 

sium  \ 

Do.  in  rhombic  prisms  with  18  or  2  eq.  of  waters  439.98 
Hydrargo-chlo-     f 

ride  of  potas.V  74^7    1  eq.+ 372.84    1  eq.s 347.41    KCI+Hgaa. 

stum  ^ 

Do.  in  acicnlar  crystals  with  18  or  9  eq.  of  water— 3^.41 
Bihydrargt>-chlo.  i 

rideofpoUs-V    74.57    1  eq.+ 545.68    3  eq.s 820.35    KCl43Hga3. 

■iam  \ 

Do.  in  acicular  crystals  with  36  or  4  eq.  of  water— 656.35 

^^llr'^tum]    ^'^'^    l-q.+«73.84    1  eq.-331J>6    Naa  +  Hga«. 

Do.  in  crystals  with  36  or  4  eq.  of  water      =367.56 
Dihydrargt>-chIo-  ^ 

monia.  ) 

Do.  in  flat  rhombic  prisms  with  18  or  3  eq.  of  water=397.98. 

The  preceding  salts,  except  the  last,  were  first  prepared  and  examined  by 
Boosdorff  (An.  de  Ch.  et  de  Ph.  xliv.  189) ;  and  they  are  obtained  by  mixing 
the  infi^redients  in  the  ratio  for  combining,  and  setting  aside  the  soludon  to 

aFstallsBe.  The  ammoniacal  salt  has  Um^  been  known  nnder  the  name  of 
'i  ofmUmbroih.  Bonadorff  obtained  similar  compoynds  with  the  chlorides 
of  Uthinm,  barium,  strontium,  cahaum*  ma^rnesiam,  manganese^  iron,  cobalt, 
nickel,  and  copper.  Those  of  lithium,  calcium,  magnesiaaa,  and  sine  ure  de- 
liquesoent.  The  hydrargo-chloridesof  iron  and  manganese  are  isomorpbooa, 
and  crystallizes  in  rhombic  prisms.  Hydrochloric  acid  comlMnes  with  b 
chloricfe  of  mercury,  and  yields  a  very  soluble  salt,  which  may  be  obtained 
In  crystals:  the  electro-positive  ingredient  is  here  probably  hydrochloric 
acid,  and  as  such  will  be  considered  as  chloride  of  hydrogen,  with  proper- 
ties aaabgous  to  the  chlorides  of  electro-positive  metaU. 

AURO-CHLORIDES. 

These  salts,  the  electro-negative  ingredient  of  which  is  the  terehloride  of 
gold,  have  been  studied  by  Berzelius,  Johnston,  and  Bonsdorff.  They  nn 
prepared  by  mixing  the  chlorides  in  atomic  proportions,  and  setting  aside  the 
solution  to  crystallize. 

Most  of  them  have  an  orange  or  yellow  colour,  and  consist  of  single  equi- 
valents of  their  constituent  chlorides,  as  is  exemplified  by  the  composition  of 
the  three  following  salts : — 

Names.        Basic  ehloride.  Torch.  Gold.    Eqmv.        Fornabe. 

^^S^i^  ""^l  ''^•^^  ^  oq.+305.46  1  eq.-380.03     KQ+AnCIs. 

Do.  in  prisms  with  45  or  5  eq.  of  water  —435^ 
^^S^"*^*  "^l  ^''^  ^  eq.+305.46  1  eq.-364.18     NaCl+ AuCls. 

Do.  in  4.Bided  pr.  with  36  or  4  eq.  of  water*400.18 
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KaiiMfc       BMic  eUorideb  Tereh.  Gold.  xEqar.       FormnlB. 

Anro-chloride  of}  #  fjj\T^  i  Tirn\ 

hydioohlonita  V53i^7  1  eq.-|-30S.46  1  oq.-a59.09  \  ^"ISt^^ 
of  unraonia    1  ^     ^"^    • 

IHfc  in  icictiltr  cryBtale  with  36  or  4  eq.  of  water>-i395.03 

AuTO-ehioride  of  Poia$$iunu — ^Tbis  salt  crystallizes  dlher  in  striated 
prisms  or  thin  hexa^nal  tables,  which  effloresce  in  a  dry  air,  and  lose  all 
ueir  water  at  212^.  At  a  red  heat  the  terchloride  of  gold  is  decomposed, 
leaving  chloride  of  potassium  and  metallic  gold.  This  sidt  is  soluble  both  ia 
water  and  alcohol. 

iiuro-ciUoru/eq/'iSbdtfim  crystallizes  in  long  quadrilateral  prisms,  which 
may  be  exposed  to  the  air  without  change,  and  fuse  readily  in  their  water  of 
crystaUization.    The  auro-chloride  of  li&ium  is  deliquescent 

Auro-eMoride  of  Hydrochlorate  of  Ammonia. — It  crystallizes  in  transpa* 
rent  needles  or  small  prisms,  which  become  opaque  by  exposure  to  the  air, 
and  are  soluble  in  water  and  alcohoL 

Auro-ehUnide  of  Hydrogen* — In  this  compound  hydrochloric  acid  is  pro- 
bably the  positive  chloride.  It  crystallizes  readily  in  long  acicular  crystals 
of  a  light  yellow  colour  when  an  acid  solution  of  ^d  is  cautiously  evapo- 
rated. The  crystals  undergo  no  change  in  dry  air,  but  in  a  moist  atmo- 
sphere deliquesce  into  a  yellow  liquid. 

Bornsdoi^  has  prepared  the  auro^^orides  of  barium^  strontium,  calcium, 
magnesium,  manganese,  zinc,  cadmium,  cobalt,  and  nickel.  Most  of  them 
crystallise  in  prisms  and  contain  water  of  crystallization. 

PLATINOjCHLORIDES. 

Both  the  protochloride  and  bichloride  of  platinum  act  as  haloid-acids. 
Magnus  prepared  the  pUttino-protochloride  of  potatntim  by  mizing  chloride 
of  potassium  with  a  solution  of  protochloride  of  platinum  in  hydrochloric 
acid.  It  crystallizes  bv  evaporation  in  red,  anhydrous,  4-sided  prisms, 
which  are  insoluble  in  alcohol,  but  dissolve  readily  m  water.  It  consists  of 
single  equivalents  of  its  constituent  chlorides. 

The  jiaiinQ-proloekloride  of  aodium  ma^  also  be  prepared,  is  soluble  in 
water  and  alcohol,  and  crystallizes  with  difficulty.  A  similar  salt  may  be 
formed  with  hydrochlorate  of  ammonia,  and  ia  isomorphous  with  that  of 
potassium,  which  it  also  resembles  in  its  properties,  composition,  and  mode 
of  preparation. 

The  solution  of  protochloride  of  platinum  in  hydrochloric  acid,  which  has 
a  deep  red  tint,  is  doubtless  a  double  chloride,  but  it  has  not  been  obtained 
in  crystals. 

The  principal  salts  of  bichloride  of  platinum  are  those  of  potassium,  so- 
dinm,  and  hydrochlorate  of  ammonia,  which  are  thus  constituted: — 

Names.  Basic  chloride.    Bichl  of  Plat    Equiv.        Formulas. 

Phtmo-bichloride    }  ^^^    1  eq^l69.64    leq.-244.21    KQ-^-PlCia. 


of  potassium 
i  Platino-bichloride 
of  sodium 


58.72    leq.-t-169.64    1  eq.i-22a36    NaCl-t-PlCls. 


Do.  in  prisms  with  54  or  6  eq.  of  water  ■■282.36 

Platino-bichloride    }  r/M^TMi_wn\ 

of  hydrochlorate  S  53  J57    1  eq.-f  169.64    1  cq.-2235l  V"_^^l?>''^ 
of  ammonia         i  ^     -fi-i^^i  . 

PlatmoJbichUride  of  Poiastium, — ^The  production  of  this  salt  by  mizing 
its  constituents  in  solution,  constitutes  one  of  the  best  tests  for  potassa  (page 
297.)  It  is  commonly  obtained  as  a  powder  of  a  pale  lemon-yellow  colour; 
bat  bv  slow  evaporation  it  yields  small  octohedrons  of  a  brilliant  lustre.  It 
it  onAydroDS,  insoluble  in  alcohol,  and  is  sparingly  dissolved  by  odd,  bat 
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more  freeW  by  hot  water.  Heated  to  redness  it  yields  chlorine,  and  tbe  re- 
sidue consists  of  platinum  and  chloride  of  potassium. 

PloHfioJneUonde  of  Sbdiuiii.— This  salt  crystallises  in  fine  transpaireDl 
prisms  of  a  deep  yellow  colour,  which  are  soluble  in  water  and  alcohcJ. 
When  gently  heated  it  loses  its  water  of  crystallization,  and  becomes  a  pale 
yellow  powder. 

PlatittoJnehlonde  of  Ihfdroehlorate  of  Ammonia  falls  as  a  lemon-yellaw 
powder  when  sal  ammoniar  ia  mixml  with  a  strong  solution  of  bichloride  of 
platinum.  It  resembles  the  double  salt  of  potassium  in  its  properties  and 
Arm,  crystallizing  in  small  anhydrous  octohedrons  when  its  aqueous  solo- 
tion  is  slowly  evaporated.  This  salt  is  employed  in  the  preparation  of  plaXi- 
num,  and  when  heated  to  redness  leaves  that  metal  in  a  spongy  state. 

Bonsdorff  has  prepared  the  platino-bichlorides  of  barium,  strontium,  cal- 
cium, and  several  other  metals.  Most  of  them  crystallize  with  water  of 
crystallization,  and  have  a  yellow  or  orange  colour. 

PALLADIOjCHLORIDES. 

Both  of  the  chlorides  of  palUdium  act  as  haloid-acids,  combining-  with 
many  of  the  metallic  chlorides,  when  their  respective  solutions  are  mixed 
and  evaporated.  The  principal  palladio-chlorides  which  have  been  eiamined 
are  those  with  the  chlorides  of  potassiam  and  sodium,  and  with  hydrachk>- 
rate  of  ammonia,  which  consist  of  single  equivalents  of  their  ingrrodients. 

The  paliadio-protochloride  of  potassium  crystallizes  in  four^ided  prisms 
of  a  dirty  yellow  colour,  which  are  anhydrous,  insoluble  in  alcohol,  and 
freely  soluble  in  water.  The  corresponding  salt  of  sodium  is  deliquescent 
and  soluble  both  in  water  and  alcohoL  That  of  hy^rochlorate  of  ammonia 
is  isomorphous  with  the  salt  of  potassium,  which  it  resembles  in  its  other 
properties. 

The  palladio-bichloride  of  potassium  is  obtained  by  evaporating  tbe  pal- 
ladio-protochloride  with  nitro-hydrochloric  acid,  when  microscopic  cryatak 
of  a  cinnabar-red  colour  are  deposited,  which  by  a  fflass  are  found  to  be  re- 
gular octohedroDs.  It  is  anhydrous,  insoluble  in  iQcohol,  and  nearly  ao  in 
water.  When  heated,  or  by  continued  ebullition,  it  is  reconverted  into  the 
palladio-protochlortde  of  potassium.  The  corresponding  salt  of  hydrochhv 
rate  of  ammonia  is  obtained  in  a  similar  manner,  and  resembles  the  former 
in  form  and  other  properties. 

RHODIO.CHLORIDES. 

The  sesquichloride  of  rhodium  combines  with  the  chlorides  of  potassium 
and  sodium,  and  the  resulting  salts  are  thus  constitated : — 

Names.  Basic  Chlor.  SesquicfaL  Rhod.    Equiv.       Formuls. 

^'Sf^uiSSJ^''*^  J  ^^^-^^  ^  eq.+210.66  1  eq.-39/8     2Ka+R»a3. 
Da  in  four-sided  prisms  with  18  or  2  eq.  of  water « 377.8 

"^ o?i!2diSi^''^''"*^°  (  ^'''^•^^  eq.-386.82    SNaCl-f  R«Cls. 

Do.  in  prisms  with  163  or  18  eq  of  water  —548.82 

Dirhodio-ekloride  of  PotoMsium. — It  is  obtained  by  mixing  the  respective 
chlorides  in  the  ratio  above  assigned,  and  crystallizes  in  fbur-sided  rectan. 
gular  prisms,  which  arc  of  a  deep  red  colour,  insoluble  in  alcohol,  and  con- 
tain  18  parts  or  two  eq.  of  water  combined  with  359.8  parts  or  one  eq.  of 
the  salt 

Hydrochlorate  of  ammonia  yields  a  similar  double  salt,  analogous  In  its 
properties  to  the  preceding. 

iHrkodio-ehhride  of  Sodium. — ^This  salt  crystallizes  in  large  prismitic 
crystals  of  a  deep  red  colour,  which  lose  part  of  their  water  in  a  dry  air,  and 
become  covered  with  a  red  powder.    They  are  insoluble  in  alcohol. 
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The  chlorides  of  iridinm  act  as  haloid-acids.  The  most  remarkable  of  its 
salts  is  the  iridio- bichloride  of  potassium,  which  in  form  and  properties  re- 
sembles the  platino-bichloride  of  potassium,  crystallizing  in  brilliant  octohe- 
drons,  but  of  a  black  colour,  which  are  sparingly  soluble  in  water.  Hydro- 
chlorate  of  ammonia  forms  with  it  a  similar  salt,  which  is  of  a  deep  cherry- 
red  colour. 

OSMiaCHLORIDES. 

Berzelius  has  described  the  osmio-bichloride  of  potassium,  which  resem- 
bles in  form,  composition,  and  most  of  its  properties  the  correspondiDg  salts 
of  platinum  and  iridium.  It  is  insoluble  m  alcohol,  and  but  sparingly  dis- 
solved  in  water ;  but  its  aqueous  solution,  when  gently  evaporated,  yields  oc- 
tohedron  crystals  of  a  deep  brown  colour. 

OXY-CHLORIDES. 

Chemists  are  acquainted  with  a  considerable  number  of  compounds  in 
which  a  metallic  oxide  is  united  with  a  chloride  either  of  the  same  metal, 
which  is  the  most  frequent,  or  of  some  other  metal.  These  compounds  are 
commonly  termed  tub-muriates,  on  the  supposition  that  they  consist  of  hy- 
drochloric acid  combined  with  two  or  more  equivalents  of  an  oxide. 

Oxy-ehkridtB  of  Iron, — When  the  crystallized  protochloride  of  iron  Is 
heated  without  exposure  to  the  air,  the  last  portions  of  its  water  exchange 
elements  with  part  of  tiie  chloride  of  iron,  yielding  hydrochloric  acid,  which 
is  evolved,  and  protoxide  of  iron.  On  raising  the  heat  so  as  to  expel  the 
pure  chloride  of  iron,  a  deep  green  oxy-chloride  in  scaly  crystals  remains. 
(Berzelius.) 

The  ochreous  matter  which  falls  when  a  solution  of  the  protochloride  of 
iron  is  exposed  to  the  air,  is  hydrated  peroxide  of  iron  combmed  witli  some 
perchloride.  A  similar  hydrate  is  obtained  by  mixing  with  a  solution  of  the 
perchloride  of  iron  a  quantity  of  alkali  insufficient  for  complete  decomposi- 
tion. When  a  solution  of  the  perchloride  is  evaporated  to  dryness  without 
exposure  to  the  air,  the  last  portions  of  water  exchange  elements  with  the 
perchloride,  hydrochloric  acid  is  disengaged,  and  afler  subliming  the  pure 
anhydrous  perchloride,  a  compound  in  large,  brown,  shining  lamine  is  left, 
which  consists  of  peroxide  and  perchloride  of  iron.  (Berzelius.) 

Mr.  Phillips  has  described  a  soluble  oxy-chloride,  which  appears  to  consbt 
of  one  cq.  of  perchloride  of  iron  with  nine  eq.  of  the  peroxide.  It  is  prepared 
by  digesting  hydrochloric  acid  with  the  required  proportion  of  the  moist  hy- 
drated peroxide.  The  solution  is  of  a  brownish-red  colour,  and  a  precipitate 
is  occasioned  either  by  a  little  more  of  the  peroxide  or  a  little  acid,  indi- 
cating the  formation  of  other  oxy -chlorides  which  are  insoluble.  (Phil.  Mag. 
and  An.  viii.  406.) 

Oxy-chlorides  of  Tin.;— When  a  large  quantity  of  water  is  poured  on  crys- 
tallized protochloride  of  tin,  a  portion  of  water  and  protochloride  exchange 
elements,  an  acid  solution  is  formed,  containing  the  double  chloride  of  tm 
and  hydrogen,  and  a  white  powder  subsides,  which  is  a  compound  of  the 
protoxide  and  protochloride  of  tin. 

Oxy-chloride  of  ArUimoni^. — It  falls  as  a  white  curdy  precipitate  when 
sesquicbloride  of  anlimony  is  thrown  into  water  (page  377) ;  and  according 
to  an  analysis  by  Phillips  contains  about  7.8  per  cent,  of  chlorine. 

Oxy-ckU>ride  of  Cerium. — This  compound  is  generated  by  heating  the  hy« 
drated  protochloride,  just  as  when  the  protochloride  of  iron  is  distilled. 

Oxy-chloride  of  Bismuih, — It  is  prepared  by  pourinsf  a  neutral  solution  of 
nitrate  of  oxide  of  bismuth  into  a  concentrated  solution  of  sca-salt ;  and  a 
similar  compound,  but  with  more  oxide,  is  formed  when  a  dilute  solution  of  sea- 
salt  ia  used.  They  are  both  heavy  insoluble  powders  of  a  very  white  coloui^ 
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Oxy-chloride  of  Copper.— This  compound  fell*  a»  a  gpreen  hjdrate  when 
potusa  is  added  to  a  Bolution  of  chloride  of  copper  insufficient  for  itJ  eom- 
plete  decomposition.  When  ite  water  is  expelled  it*  becomes  of  a  liver-brown 
colour.  Berzelius  states  it  to  consbt  of  one  eq.  of  the  chloride  and  three  «^ 
of  oxide  of  copper.  It  is  used  as  a  pigment  under  the  name  of  Bruntwiek 
green,  being  prepared  for  that  purpose  by  exposing  metallic  copper  tp  hydro- 
chloric  acid  or  a  solution  of  sal  ammoniac.  The  same  oompound  is  fa»- 
rated  during  the  corrosion  of  copper  in  sea-water. 

Oxy-ckLorides  of  Lead, — A  compound  of  one  eq.  protochloride  to  two  eq. 
of  protoxide  of  lead  has  been  found  as  a  colourless  mineral  Another  oxy- 
chlorido  with  three  eq.  of  the  protoxide  is  prepared  by  addin^r  pure  ammonia 
to  a  hot  solution  of  chloride  of  lead.  It  falls  as  a  heavy  white  hydrate ;  but 
on  expelling  its  water  by  heat,  it  acquires  a  pale  yellow  colour.  A  third 
oxy-chloride  with  a  still  larger  proportion  of  oxide  is  used  as  a  pigment 
under  the  name  of mmfrai  or  fotenl  yellow;  and  it  is  prepared  by  the  action 
of  moist  sea-salt  on  litharge,  by  which  means  portions  of  the  protoxide  and 
•ea-salt  exchange  elements,  yielding  soda  and  chloride  of  lead.  After  wash- 
ing away  the  alkali,  the  mixed  oxide  and  chloride  are  dried  and  fused. 

Oxy-chloride  of  Mercury.— Th\%  compound  is  obtained  as  a  shining  crys- 
talline powder,  of  a  bi  ownish.hlack  colour,  when  peroxide  of  rocrcury  is 
boiled  with  a  solution  of  the  bichloride.  It  is  anhydrous,  and  consists  of  an- 
gle equivalents  of  the  oxide  and  chloride. 

CHLORIDES  WITH  AMMONIA. 

Several  interesting  compounds  of  chlorides  with  ammonia  have  been  sto- 
died  by  Person  and  Robc.  (An.  de  Ch.  et  de  Ph.  xliv.  315,  and  li.  5,  and  Pog. 
Annalcn,  xx.  149.)  The  perchloridcs  of  chromium,  tin,  titanium,  antimony, 
and  inroB  absorb  ammonia  at  common  temperatures;  and  most  of  the  other 
chlorides  absorb  it  when  gently  warmed.  The  ehloridea  of  potassinffi,  so- 
dium, arid  barium  do  not  absorb  ammonia,  while  those  of  strontium  and  cal- 
cium combine  with  four  equivalents  of  the  alkali.  Chloride  of  copper  absorbs 
three  equivalents,  and  acquires  the  same  deep  blue  tint  as  the  ammoniaco- 
Bulphate  of  copper.  Chloride  of  nickel  unites  with  three,  and  chloride  of  co- 
balt with  two  equivalents  of  ammonia.  Chloride  of  silver  takes  up  slowly 
one  and  a  half  equivalents.  Calomel  absorbs  half  an  equivalent  and  forms  a 
black  componnd ;  but  on  exposure  to  the  air,  the  ammonia  flies  off,  and  pure 
white  calomel  reihains.  Corrosive  sublimate,  by  the  aid  of  heat,  rapidly  ah- 
sorbs  half  an  equivalent  of  ammonia,  and  forms  a  white  compound,  which  n 
insoluble  in  water,  and  bears  a  considerable  temperature  without  decomposi- 
tion: the  white  preeipiLite  of  pharmacy  is  probably  analogous  in  nature, 
though  the  ratio  of  its  ingredients  is  different.  Perchloride  of  titanium  com- 
bines with  two  equivalents,  and  that  of  tin  with  one.  The  bromides  and 
iodides,  as  well  as  the  bicyanuret  of  mercury,  absorb  ammonia  in  the  same 
manner  as  the  ehloridea.  Nearly  all  of  these  compounds  depend  on  very 
feeble  affinities.  Most  of  them  lose  their  ammonia  by  mere  exposure  to  the 
air,  and  it  is  expelled  from  nearly  all  by  a -very  moderate  heal;  in  some,  as 
with  perchloride  o^  titanium,  heat  occasions  reactions  between  the  chlorine 
and  ammonia,  and  the  metal  is  insulated ;  but  in  general  the  alkali  is  simply 
expelled,  and  the  chloride  returns  to  its  former  condition.  Though  these 
ammoniacal  chlorides  may  be  viewed  as  salts  in  which  a  metallic  chloride 
acts  as  an  acid,  they  appear  to  be  more  closely  allied  to  those  singular  com- 
pounds of  ammonia  with  the  oxy-salts  which  have  already  been  noticed 
(page  442).  To  this  remark,  some  of  them,  of  which  the  ammoniacal  chlo- 
ride  of  mercury  is  an  instance,  are  probably  exceptions. 

CHLORIDES  WITH  PHOSPHURETTED  HYDROGEN. 

The  analogy  which  Rose  has  traced  between  ammonia  and  phospburetted 
hydrogen  is  especially  remarkable  in  the  compounds  which  they  b«th  fenn 
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with  metallic  chlorides.  He  has  examined  the  compounds  of  phosphuretted. 
hydrogen  with  the  perchlorides  of  titaniam,  tin,  antimony,  iron  and  alami- 
nium,  all  of  which  correspond  to  ammoniacal  chlorides  of  similar  composi- 
tion. The  phosphuretted  hydrogen  is  in  all  readily  displaced  hy  water,  or  a 
solution  of  ammonia.  Rose  observed  that  the  resulting  chloride  is  tha  same 
in  character  and  composition,  whichever  of  the  two  kinds  of  phosphuretted 
hydrogen  wero  used  in  its  preparation.  He  also  found  that  the  gas,  when  dis- 
placed  from  perchloride  of  titanium  b^  water,  does  not  inflame  spontaneously ; 
whereas,  if  displaced  by  a  solution  of  potassa  or  its  carbonate,  by  ciirbonate 
of  ammonia  or  hydrochloric  acid,  the  gas  is  spontaneously  imflammable. 
He  was  thus  able  to  disengage  at  will  either  variety  of  phosphuretted  hydro* 
gen  from  the  same  compound,  without  reference  to  the  kind  which  had  been 
used  in  its  preparation.  These  facts  first  led  Rose  to  the  opinion  that  the 
two  gases  of  phosphorus  and  hydrogen  must  be  similar  in  composition. 
(Pago  264.) 

DOUBLE  IODIDES. 

These  compounds  have  not  yet  been  closely  studied ;  but  there  is  no  doubt 
that  the  iodides  aro  capable  of  forming  with  each  other  an  extei\sive  series 
of  compounds,  fionsdorff  obtained  the  hydrargo-biniodide  of  potassium  by 
saturating  a  strong  solution  of  iodide  of^  potassium  with  biniodide  of  mer- 
cury :  it  may  also  be  formed  by  dissolving  corrosive  sublimate  in  a  solution 
of  iodide  of  potassium,  evaporating  to  dryness,  and  digesting  in  alcohol, 
when  the  double  iodide  is  dissolved,  and  chloride  of  potassium  is  left  A  va- 
riety of  double  iodides  have  been  described  by  Boullay,  and  among  them  a 
compound  of  biniodide  of  mercury  and  hydriodic  acid.  (An.  de  Ch.  et  de 
Ph.  zzxiv.)  In  general  the  double  hydrargfo-biniodidcs  contain  single  equi- 
valents  of  the  respective  iodides.  Liebig  obtained  a  compound  of  the  bichlo- 
ride and  biniodide  of  mercury,  consisting  of  two  eq.  of*  the  former  to  one  eq. 
of  the  latter,  as  indicated  by  the  formula  HgI*+2HgCl«. 

Several  compounds  of  biniodide  of  platinum  with  other  iodides  have  been 
studied  by  Mr.  Kane  of  Dublin,  and  Lassaigne.  (Dublin  Journal  of  Science, 
i.  304,  atid  An.  de  Ch.  et  de  Ph.  li.  125.)  The  compounds  at  present  known 
^re  thus  constituted : — 

Names.  Basic  Iodide.     Biniod.  Plat        Equiv.      Formule. 

PJatino-biniodide  of    i  165.45  i  eq.+351.4    1  eq.=516.85    KI+P1I». 
potassium  C  ^  '  *  * 

Do.  of.  sodium    .       149.6    1  eq.4-351.4    1  cq.=501         Nal+PIK 

Po.  of  hydriodate  ?  ^^^  ^  eq,+351A  1  eq.=495.85  \  ^"f^t,"^^ 

of  ammonia  J                                                             f     4-P*I'' 

Do.  of  barium    .  195       1  cq.4.351.4  1  eq.=.546.4      Bal+PIR 

Do.  of  zinc         .  158.6     1  eq.-f  351.4  1  eq.==510         ZnI-4-PlI«. 

Do.  of  hydrogen  127.3    1  cq.-f351.4  1  cq.=478.7      Hl+Plla. 

The  platino-biniodide  of  potassium  is  prepared  by  digesting  an  excess  of 
biniodide  of  platinum  in  a  rather  concentrated  solution  of  iodide  of  potas- 
^iirm.  By  spontaneous  evaporation  it  crystallizes  in  small  rectangular  plates 
surmounted  sometimes  with  a  four-sided  pyramid,  which  are  anhydrous, 
unchanged  in  the  air«.  and  insoluble  in  alcohol.  The  colour  of  the  crystals 
is  bkok  with  a  metallic  lustre,  and  they  yield  a  deep  claret-coloured  solu- 
tion with  water.  The  biniodide  of  platinum  appears  to  combine  also  with 
the  iodide  of  platinum;  but  the  compound  has  only  been  obtained  in 
solution. 

The  platino-biniodides  of  sodium,  barium,  and  zinc,  are  obtained  in  the 
same  manner  as  that  of  potassium,  crystallize  with  difficulty,  are  deliques- 
cent in  the  air,  and  dissolve  in  water  and  alcohol.  The  ammoniacal  salt  is 
analogous  in  i^M  properties  to  that  of  potassium,  with  which  it  appears  also 
to  be  isomorphoos. 

JPkiinaJnittodi^  oj  Hydrogen. — ^This  compound  consists  of  hydriodio 
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■idd  and  biniodide  of  platinum,  in  which  the  former  is  renrded  aa  the 
electro-poaitivc  element  It  is  prepared  by  actinj^  on  biniodide  of  platiniim 
with  a  cold  dilate  aolution  of  bydriodic  acid,  which  gradoally  acquires  a 
deep  claret  colour,  and  by  evaporation  under  a  bell-jar  with  quicklime,  de. 
positea  black  acicular  crystals.  The  crysUls  become  moist  by  exposure  to 
the  air. 

Oxy-todidft.^-The  principal  ozy.iodides  at  present  known  to  chemists  are 
those  formed  by  the  oxide  and  iodide  of  lead.  When  iodide  of  potaasiiim 
is  mixed  with  acetate  of  oxide  of  lead  in  excess,  the  yellow  iodide  at  fir« 
Ibrmcd  combines  with  oxide  of  lead  and  acquires  a  white  colour;  and  tbe 
same  compound  is  obtained  directly  by  employing-  a  subacetale.  M.  Deaoi 
finds  that  there  are  three  oxy-iodides,  in  which  one  eq.  of  iodide  of  lead  is 
united  with  one,  two,  and  fire  equivalents  of  oxide  of  lead. 

DOUBLE  BROMIDES. 

These  compounds  have  not  yet  been  studied ;  but  Bonsdorff  has  proved 
the  possibility  of  forming  compounds  similar  in  composition  and  properties 
to  the  double  chlorides.  He  obtained  the  hydra rgo-bibromide  of  potassium 
in  crystals,  consisting  of  an  equivalent  of  each  bromide  united  with  two  eq. 
of  water. 

DOUBLE  FLUORlDEa 

The  researches  of  Benelius  have  led  to  the  formation  of  several  exten- 
sive fiimilies  of  double  fluorides,  in  which  the  fluorides  of  boron,  sillcium, 
titanium,  and  of  other  electro-negative  metals  are  the  acids,  and  the  fluorides 
of  electro-positive  metals  are  bases.  In  some  instances  hydrofluoric  acid  is 
a  haloid-acid ;  but  more  commonly  it  acts  the  part  of  a  base. 

Hydro-JluorideB, — In  this  &mily  hydrofluoric  acid  is  combined  with  the 
fluorides  of  electro-positive  metals.  If  an  equivalent  of  any  electro-positive 
metal  be  indicated  by  M,  then  the  general  formula  for  this  famUy  is 
MF-fHF. 

The  hydro-fluoride  of  potassium  is  made  by  mixing  hydrofluoric  add 
with  a  solution  of  fluoride  of  potassium,  and  evaporating  by  a  gentle  heal 
in  a  platinum  capsule.  It  commonly  crystallizes  in  confused  laminae ;  but, 
bjT  slow  evaporation,  in  square  tables  or  cubes,  which  are  anhydrous  and 
dissolve  freely  in  pure  water.  It  fuses  readily  when  heated,  and  loses  all  its 
hydrofluoric  acid  at  a  low  red  heat. 

The  hydro  fluoride  of  sodium  is  prepared  as  the  preceding  salt,  and  by 
spontaneous  evaporation  yields  anhydrous  rhombohedral  crystals.  It  is 
sparingly  soluble  in  cold,  but  much  more  freely  in  hot  water.  The  hydro- 
fluoride  of  lithium  is  also  of  sparing  solubility.  The  fluorides  of  barium, 
strontium,  calcium,  and  magnesium,  do  not  combine  with  hydrofluoric  acid. 

BORO-FLUORIDES. 

When  the  terfluoride  of  boron  (fluoboric  acid  m)  is  acted  upon  by  water, 
one  out  of  ever^  four  equivalents  of  tbe  gas  mterchanges  elements  with 
water,  giving  rise  to  hydrofluoric  and  boracic  acids,  the  former  of  which 
combines  as  a  haloid-base  with  undecom posed  terfluoride  of  boron,  consti- 
tuting the  boro-hydrofluoric  acid  (page  241),  but  which  may  be  viewed  as 
the  bOTO-fluoride  of  hydrogen.    This  change  is  such  that 

4  eq.  terfluoride  of  boron  4(B-t-3F)  ,,  3  eq.  terfluoride  of  boron  3(B-f-3F) 

3  3  eq.  hydrofluoric  acid       3(H-fF) 
and  3  eq.  of  water  3(H-fO)   ^  and  1  eq.  boracic  acid  fi+30. 

By  careful  concentration  and  cooling,  the  boracic  acid  separates  as  a  crys- 
talline powder,  and  the  boro-fluoride  of  hydrogen  remains  in  solution.  It  is 
"trongly  acid  to  test  paper,  and  its  composition  is  indicated  by  the  formula 
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.^F4-BFa^  bemg  an  eguiTaleot  of  each  flaoride.  On  adding  potassa  to  this 
oompoand,  it  Interchanffes  elements  with  hydrofluoric  acid,  and  there  re- 
suha  the  boro-flaoride  of  potawium,  KF4-BI-  >,  the  hydrogen  being  simply 
displaced  by  potassium.  The  protoxides  of  most  other  metals  act  precisely 
like  potassa,  and,  therefore,  the  general  formula  of  tlicse  compounds  is  Mr 
-{-BF4.  When  exposed  to  a  strong  heat,  they  all  give  off  terfluoride  of 
boron,  and  a  metallic  fluoride  is  left 

Boro-fluorid^  of  Potassium. — It  is  prepared  by  dropping  borcfluoride  of 
hydrogen  drop  by  drop  into  a  solution  of  a  salt  of  potassa,  and  falls  as  a 
gelatinous  transparent  hydrate,  which  is  a  white  very  fine  powdec  whan 
dried.  It  has  a  slightly  bitter  taste,  and  is  quite  neutral  to  test  paper,  is  very 
sparingly  soluble  in  alcohol  and  cold  water,  but  is  dissolved  freely  by  hot 
water,  and  subsides  on  cooling  in  small  brilliant  anhydrous  crystals.  At  a 
strong  red  beat  it  gives  off  the  terfluoride  of  boron  and  fluoride  of  potaa- 
slum  remains. 

The  bora-flumide  of  sodium  is  very  soluble  in  water,  and  is,  therefore, 
beat  obtained  pure  by  the  direct  action  of  boro-fluoride  of  hydrogen  on 
flnoride  of  sodium.  It  crystallizes  by  slow  evaporation  in  large  rectanenlar 
prisms,  which  redden  litmus  paper  strongly.  The  horo-fiuoride  of  liUiiuM 
also  crystallizes  in  large  prisms,  is  very  soluble  in  water,  and  deliquesces 
in  tlie  air. 

The  horo-fiuoride  of  barium  is  prepared  by  adding  carbonate  of  baryta  to 
boro-fluoride  of  hydrogen  till  it  ceases  to  be  dissolved,  avoiding  any  further 
addition.  On  evaporating  to  the  consistence  of  a  syrup,  long  acicular 
crystals  form,  and  by  keeping  the  solution  in  a  warm  place,  it  yields  flat, 
four-sided,  rectangular  prisms.  It  is  acid  to  test  paper,  and  deliquescent 
The  boro-fluorides  of  calcium  and  magnesium  may  be  prepared  in  a  similar 
manner,  and  are  soluble  in  water.  Lead  forms  a  soluble  boro-fluoridei, 
which  crystallixes  in  the  same  manner  as  the  boro-fluoride  of  barium. 

SILICO-FLUORIDES. 

The  acid  solution,  called  silicoJiydrofluoric  acid  (page  327,)  may  be 
viewed  as  the  silieofiuoride  of  hydrogen^  a  compound  of  52.36  parts  or  two 
eq.  of  fluoride  of  silicium  and  19.68  or  one  eq.  of  fluoride  of  hydrogen 
(hydrofluoric  acid),  as  indicated  by  the  formula  HF-f-2SiF.  When  the 
solution  is  neutralized  with  potassa,  the  alkali  interchanges  elements  with 
fluoride  of  hydrogen,  water  and  fluoride  of  potassium  are  generated,  and 
the  latter  combines  with  the  fluoride  of  silicium.  This  double  fluoride 
consists,  therefore,  of  52.36  parts  or  two  eq.  of  fluoride  of  silicium,  and 
57.83  or  one  eq.  of  fluoride  of  potassium,  tlie  formula  of  which  is  KF-j- 
2SiF.  A  similar  change  ensues  with  the  protoxides  of  most  other  metals, 
and  hence  the  general  formula  of  the  silico-fluorides  is  MF-I^SSiF.  On  ex. 
posing  tliese  compounds  to- a  red  heat,  fluoride  of  silicium  is  disengaged. 

SUicofiuoride  of  Potassium. — This  salt  fulls  as  a  very  transparent  jelly^ 
which  has  the  property  of  reflecting  the  colours  of  the  rainbow ;  but  when 
collected  on  a  filter  and  dried,  it  becomes  a  white  powder.  By  evaporating 
a  saturated  aqueous  solution,  it  separates  in  minute  anhydrous  crystals.  It 
is  sparingly  soluble  in  hot  water,  and  still  less  so  in  cold  water. 

The  suicofiuoride  of  sodium  resembles  the  former  salt,  but  is  much  more 
soluble  in  hot  water.  By  evaporation  it  is  obtained  in  minute  anhydrous 
hexagonal  prisms.  The  silico-fluorido  of  lithium  forms  similar  crystals, 
but  is  more  soluble  in  water. 

The  sUico-fiuorids  of  harium  gradually  falb  in  microscopic  crystals, 
which  through  a  glass  appear  as  elongated  prisms,  when  chloride  of  barium 
Is  milled  with  the  silico-fluoride  of  hydrogen,  hydrochloric  acid  remaining 
in  Bolation.  This  salt  is  very  sparingly  soluble  in  water  whether  hot  or  cold. 

The  silieo-fluorides  of  strontium,  calcium,  magnesium,  and  lead  are  best 
prepared  by  dissolving  their  respective  carbonates  in  silico-flooride  of  hy» 
drogen.    The  salt  of  strontium  crystallizes  in  short  quadrilateral  prisma, 

41* 
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which  loM  their  water  ofcrystallixatioD  at  a  gentle  heat  and  become  opaque. 
For  oompleie  solubility  in  water,  they  require  a  aliffht  excess  of  hydroflaoric 
acid  to  be  present,  and  then  they  dissolTe  freely.  The  salt  of  calcium  cry*- 
tallixes  in  re|;ular  quadrilateral  prisms.  It  dissolves  readily  in  water  actdo. 
lated  with  hydro6uorfc  or  hydrochloric  acid,  but  is  decomposed  by  pure 
water,  yielding  an  acid  soluble  salt,  and  an  insoluble  subsalL  The  salts  of 
maj^esium  and  lead  are  very  soluble,  and  leave  a  gummy  mass  by  evapo- 
ration. 

The  silico-fluorides  of  manganese,  iron,  zinc,  cobalt,  nickel,  and  copper 
are  soluble  in  water,  and  crysUlliie  in  similar  liexagonal  prisms,  probably 
isomorphous,  which  contain  respectively  one  eq.  of  fluoride  of  silkaum  mud 
seven  eq.  of  water  of  crystalliiation. 

TTTANO-FLUORIDES. 

HydroBuoric  acid  dissolves  titanic  acid,  and  forms  with  it  an  acid  solutioii 
which  may  be  viewed  as  the  titano-fluoride  of  hydrogen,  consisting  of  61.66 
parts  or  one  eq.  of  bifluoride  of  titanium,  and  19.68  or  one  eq.  of  nooride  of 
hydrogen,  ezprased  by  the  formula  HF-f-TiPa.  When  mixed  with  po. 
taasa,  water  and  fluoride  of  potassium  are  generated,  and  the  titano-fluoride 
of  potassium  resulu,  the  formula  of  which  is  KF+TiFt.  By  substitotinr 
most  other  protoxides  for  potasso,  similar  salts  may  be  prepar^,  tbe  general 
formula  being  MFH-TiF«. 

Few  of  the  titano-fluorides  have  as  yet  been  studied.   That  of  i 
crystallises  by  evaporation  in  scales  like  boracic  acid,  which  are  anhy 
and  but  sparingly  soluble  in  cold  water.     The  titano-fluoride  of  sodium  is 
very  soluble,  and  crystalUxes  with  difiiculty. 

similar  double  fluorides  may  be  formed,  in  which  the  fluorides  of  mc^b- 
denum,  tellurium,  and  platinum,  act  as  the  electro-nogative  ingredients.  Few 
of  them,  however,  have  as  yet  been  studied.  Bcrzelius  has  prepared  the  alo- 
mino-fluorides  of  potassium  and  sedimm,  and  the  zircono-flooride  of  potas- 
slum.    He  employed  the  latter  fin  the  preparation  of  metallic  zirooniam. 

The  alumino-fluoride  of  sodium  is  found  in  nature  as  a  rare  mineral  called 

OXYFLUORIDES. 

Several  fluorides  combine  with  oxides  in  the  same  manner  as  chlorides 
and  iodides.  An  oxy-fluoride  of  aluminium  is  prepared  as  an  insoluble  gela- 
tinous hydrate  by  digesting  hydrate  of  alumina  in  a  solution  of  the  sesqui- 
fluoride  of  aluminium.  This  oxy -fluoride,  combined  with  silicate  of  alumina, 
constitutes  the  topaz.  The  neutral  fluorides  of  cobalt,  nickel,  and  copper  are 
decomposed  by  hot  water,  being  resolved  into  soluble  hydro-fluorides,  and  in- 
soluble  ozT-fluorides.  Several  other  fluorides  doubtless  undergo  a  similar 
change.  The  oxy-fluoride  of  lead  is  generated  either  by  digesting  fluoride 
of  Iciui  in  solution  of  ammonia,  or  by  fusing  together  the  fluoride  and  oxide 
of  lead.  It  is  more  soluble  than  the  fluoride,  and  the  solution  by  exposure 
to  the  air  gives  a  precipitate  of  carbonate  of  oxide  of  lead.  The  fluoride  of 
lead  also  combines  by  fusion  with  chloride  of  lead.  Fluoride  of  calcium 
forms  a  very  fusible  compound  with  sulphate  of  lime. 

DOUBLE  CYANURETS.— FERRO-CYANURETS. 

The  double  cyanurets  constitute  an  extensive  and  important  group  of 
■alts,  of  which  a  few  species  only  have  as  yet  been  studied.  Those  at  pre- 
sent  observed  by  chemists  are  the  ferro-cyanurcts,  ferro-sesquicyanurets, 
zinoo-cyanurets,  cobalto-cyanurets,  nicco-cvanurets,  and  cupro-cyanurets,  in 
which  tlie  proto-cyanuret  of  iron,  sesqui^yanuret  of  iron,  cyanuret  of  zinc, 
cyanuret  of  cobalt,  cyanuret  of  nickel,  and  cyanuret  of  copper,  may  be  con- 
sidered  as  the  electro-negative  cyanurets. 
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Mott  of  the  femMSjranurets  are  disalts,  in  which  one  equivalent  of  proto- 
cyanuret  of  iron,  FcCy,  is  combined  with  two  equivalents  of  some  other 
cyanuret  The  genersd  formula  of  such  compounds  is  2MCy-|-FeCy,  in 
which  M  represents  any  electro-positive  meUL  The  elements  are  in  such 
a  ratio,  that  if  the  metals  were  converted  into  protoxides  at  the  expense  of 
water,  the  hydrofren  would  just  suffice  to  form  hydrocyanic  acid  with  the 
cyanogen  : — ^thus  would 

1  cq.  ferro-cyan.  2MCy-4-FcCy  2  2  eq.  hydroey.  oxide  of  M.  3(M4.HCy) 
and  3  eq.  water  3(H-|-0)  -^  1  eq.  hydroey.  oxide  of  iron  f'e-l-HCy. 

The  ferro-cyanurets  in  solution  may  hence  be  regarded  as  hydrocyanates  of 
protoxides.  But  it  is  better  to  abstain  from  such  views;  for  if  adopted  with 
one  family,  they  may  with  equal  reason  be  applied  to  others,  and  be  extend- 
ed to  the  hdloid  and  sulphur-salts  generally,  which  would  create  much  con* 
fusion,  and  a  necessity  for  conceiving  very  improbable,  not  to  say  unchemi- 
cal«  modes  of  combination. 

The  ferro-cyanurets  of  the  metals  of  the  alkalies  and  alkaline  earths  are 
soluble  in  water :  those  of  the  metals  of  the  earths  have  not  been  prepared 
at  all ;  and  tiiose  of  the  second  class  of  metals  are  insoluble.  The  latter  may 
readily  be  obtained  from  the  former  by  means  of- double  decomposition. 
When  the  soluble  ferro>cyanorets  are  dried  and  heated  to  redness  in  close 
vessels,  the  electro-positive  cyanuret  escapes  decomposition,  while  the  nega^ 
tive  cyanuret  is  resolved  into  carburet  of  iron  and  nitrogen,  the  latter  escap- 
ing as  gas.  The  insoluble  ferro-cyanurets  undergo  complete  decomposition 
by  beat,  either  nitrogen  gas,  or  nitrogen  mixed  with  cyanogen  gas  beinff 
evolved.  The  iron  in  solutions  of  the  soluble  ferro-cyanurets  is  not  detected 
by  alkalies,  or  hydrosulphuric  acid.  When  acted  on  by  the  stronger  acids, 
such  as  the  sulphuric,  the  electro-positive  cyanuret  is  resolved  by  decompo- 
sition of  water  into  hydrocyanic  acid  and  an  oxide  of  the  metal ;  while  a 
white  precipitate  falls,  principally  containing  cyanuret  of  iron,  which  yields 
Prussian  blue  by  exposure  to  the  air.  Most  of  the  insoluble  ferro-cyanurets 
are  soluble  without  decomposition  in  strong  sulphuric  acid,  and  subside  with 
their  former  characters  on  dilution  with  water. 

The  principal  ferro-cyanurets  are  thus  constituted :— ^ 

Names.    Basic  Cyan.        Cyan.  Iron.  Elquiv.         Formule. 

^'^JSi''^^^^-^®      2eq.+54.39      1  eq«  185.47     2KCy.fFeCy. 

Da  in  crystals  with  27  or  3  eq.  of  water     i-«  212.47 
^^!!SiS!r*  ""^^   99.38      2eq.-K54.39      1  eq.- 153.77     2NaCy+FeCy. 

Do.  in  crysUls  with  108  or  12  eq.  of  water=26].77 
^^^°:^];j°'°^^  190.18      2eqH-54.39      1  eq.s=244.57     2BaCy.4-FeCy. 

Do.  in  crystals  with  54  or  6  eq.  of  water    =298.57 
^^stronU^     I  ^^'^      2  eq.4.54,39      1  eq.=194.77     2SrCy.4.FeCy. 
^^^J^-^^j   93.78      2eq.-h54.39      1  eq.=148.17     2CaCy4-FeCy. 

Do.  in  crystals  with  108  or  12  eq.  of  waters 256.1 7 
^^'m^n^^umf    ^^^^      2eqH-54.39      1  eq.= 132.57      2MgCy+FeCy. 
^TdrreA*'^!   ^"'^      2eq.4-54.39      1  eq.= 109.17      2HCy-f-FeCy. 

Ferro-eyanuret  of  PataBdium, — ^This  salt,  called  also  ferroeyanaie  and 
tfipU  pruBtiate  of  poUtsoa,  is  readily  prepared  by  digesting  pure  Prussian 
blue  in  solution  of  potassa,  when  a  yellow  liquid  is  obtained,  which  fields 
crystals  of  the  same  colour  by  evaporation.  It  is  prepared  as  an  article  of 
oommerce  by  gently  igniting  potash  with  animal  matters,  such  as  dried 
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blood  and  the  horns  and  hoofa  of  animala,  when  eyannret  of  poUatiiun, 
along  with  Bome  ferro-cjanurat,  if  iron  be  present,  is  ^norated.  The  sokK 
bio  parts  are  taken  up  in  water,  and  sulphate  of  protoxide  of  iron  is  added, 
until  the  Prussian  blue  wliich  is  formed  ceases  to  be  decomposed  by  the 
free  potassa  contained  in  the  solution.  The  ferro-cyanuret  of  potassium  is 
then  set  to  crystallize,  and  is  purified  from  sulphate  of  potaasa  by  repealed 
crystallization. 

This  salt  is  perfectly  neutral  to  test  paper,  and  crystallizes  readi^  in  large 
transparent  four-sided,  nearly  square,  tabular  crystals,  derived  from  an  acttlB 
rhombic  octohedron,  the  apices  of  which  are  deeply  truncated.  It  has  a 
lemon-yclIow  colour,  no  odour,  a  slightly  bitter  taste,  quite  di/Tercnt  from 
that  of  hydrocyanic  acid,  is  insoluble  in  alcohol,  but  dissolves  in  less  than  its 
weight  of  hot  water.  The  crystals  undergo  no  change  in  the  air ;  but  when 
gently  heated,  even  below  212°,  or  in  vacuo  with  sulphuric  acid  at  common 
temperatureii,  they  lose  all  their  water  of  crystallization,  amounting  to  12.83 
per  cent,  which  they  recover  in  a  moderately  moist  atmosphere. 

This  salt  is  much  employed  in  preparing  by  double  decomposition  the  in- 
soluble fcrro^yanurets ;  and  as  the  precipitates  have  in  several  instances 
▼ery  characteristic  colours,  ferro-cyanuret  of  potassium  is  much  employed 
as  a  test  When  mixed  with  nitrate  of  oxide  of  lead,  the  white  ferro-cyanu. 
ret  of  lead  is  formed,  lead  and  potassium  changing  places,  and  neutral  ni- 
trate of  potassa  remaining  in  solution ;  so  that 

1  eq.  ferro-cyan.  of  pot  2KCy-f-FeCy  S   leq.ferro-cyan.of  lead<  ^Tf^w 

2  eq.  protoxide  of  lead  2(Pb-|-0)  *^  2  eq.  potassa  2(K-+-0). 

With  a  salt  of  manganese,  copper,  silver,  and  most  other  metals,  similar 
decompositions  ensue.  With  a  salt  of  protoxide  of  iron  a  white  precipitate 
(alls,  which  is  perfcrro^yanuret  of  potassium,  that  is,  contains  cyanoret  of 
potassium  united  with  two  or  more  equivalents  of  protocyanuret  of  iron,  and 
which  on  exposure  to  the  air  yields  Prussian  blue.  With  a  persalt  of  iron 
Prussian  bine  is  instantly  generated. 

Ferro-cyanuret  of  Sodium  is  prepared  like  the  preceding  salt,  and  crystal- 
lizes  by  evaporation  in  four-sided  prisms  of  a  ycUow  colour,  which  require  4^ 
times  their  weight  of  cold  water  for  solution,  and  much  less  of  boiling  water. 
They  contain  39  per  cent  of  water,  corresponding  to  twelve  equivalents, 
some  of  which  they  lose  in  a  dry  air  and  fall  into  powder. 

Ferro^yanuret  of  Barium  is  conveniently  prepared  by  mixing  hot,  rather 
dilute,  solutions  made  with  2  parts  of  ferro-cyan u ret  of  potassium  and  1  part 
of  chloride  of  barium;  when  on  cooling,  and  also  by  evaporation,  ferro- 
cyannrct  of  barium  separates  in  small  rhomboidal  crystals  of  a  pale  yellow 
colour,  wliich  require  for  solution  100  times  their  weight  of  boiling,  and 
1920  of  cold,  water.  Of  six  eq.  of  water  contained  in  the  crystals,  five  and 
a  half  cq.  are  given  off  at  104^,  and  the  remainder  is  retained  until  the  heat 
is  BO  high  as  to  decompose  the  salt  itself. 

Ferro-cyanuret  of  Strontium  is  best  prepared  by  digesting  pore  Prussian 
blue  in  a  solution  of  strontia.  This  salt  is  very  soluble,  and  crystallizes  less 
readily  than  the  preceding  in  yellow  crystals.  The  ferro^anurett  of  cal- 
cium und  maffneaium  are  made  in  a  similar  manner,  and  are  very  soluble  in 
water,  the  latter  being  very  deliquescent  The  former,  when  its  solution  is 
evaporated  to  the  connistcnce  of  thin  syrup,  and  kept  in  a  warm  place,  crys- 
tallizes  in  oblique  four-sided  prisms  of  a  pale  yellow  colour.  The  crystals 
lose  eleven  and  a  half  eq.  of  water  at  104°  without  loss  of  form,  but  retain 
the  residual  half  equivalent  until  the  heat  is  sufficient  to  decompose  the  salt 
itself. 

When  pure  Prussian  blue  is  heated  with  a  solution  of  ammonia,  ixr  moist 
ferro^yanuret  of  lead  with  carbonate  of  ammonia,  a  solution  is  obtained 
which  by  spontaneous  evaporation  yields  small  octohedral  crystals  of  a 
•traw.yellow  colour.  These  crystals  apparently  consist  of  89.08  parts  or 
two  eq.  of  hydrpcyanato  of  ammonia,  and  54.39  parts  or  one  eq.  of  cyanuret 
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of  iron  combined  with  one  of  water.  When  heated  in  a  glass  tube  thejr 
lose  their  water  and  hjrdrocjanate  of  ammonia,  leaving  cyanuret  of  iron. 
On  heating  the  solution  in  the  open  air,  hydiocjanate  of  ammonia  vola- 
tilizes,  and  Prussian  blue  is  formed,  oxygen  gas  being  absorbed  from 
the  air. 

Ferrfhcyanuret  of  Hydrogen, — This  compound  was  discovered  by  Mr. 
Forrett,  and  described  by  him  under  the  name  of  ferruretled  cAyazie  acid 
(Phil.  Trans.  1814-15),  the  term  chyazic  being  composed  of  the  initials  of 
carbon,  hydrogen,  and  azote.  It  is  now  better  known  under  the  name  of 
ferrocyanic  or  hydroferrocyanie  acid^  bcincr  regarded  as  a  hydracid  with 
a  compound  radical  analogous  to  hydrusulphocyanic  acid,  a  view  sugcrested 
by  Gay.Lussac  as  a  deduction  from  the  experiments  of  Robiquct  and  Ber- 
zelius.  (An.  de  Ch.  et  dc  Ph.  xv,  zvii,  and  xzii.)  In  fact,  on  referring  to 
its  composition  (page  467),  it  will  be  obvious  that  its  formula  2HCy'\'FeCj 
admits  of  being  placed  in  the  order  2H-4-FeCy3,  which  represents  a  com- 
pound of  tercyanuret  of  iron  with  two  eq.  of  hydrogen.  The  supposed 
radical,  however,  has  not  been  obtained  in  a  separate  state,  nor  is  its  com- 
position exactly  analogous  to  other  hydracids,  which  contain  one  eq.  of 
hydrogen  combined  with  the  radical;  whereas,  if  regarded  as  fcrro-cyanuret 
of 'hydrogen,  it  is  precisely  similar  to  other  ferro-cyanurets,  hydrogen  being 
substituted  for  an  electro-positive  metal.  The  existence  of  similar  double 
cyanurets  of  hydrogen  goes  far  to  establish  the  propriety  of  this  view. 

Two  processes  were  recommended  by  Porrett  for  preparing  this  com- 
pound. The  first  consists  in  dissolving  58  grains  of  crystallized  tartaric 
acid  in  alcohol,  and  mixing  it  with  50  grains  of  ferro-cyanuret  of  potassium 
dissolved  in  the  smallest  possible  quantity  of  hot  water,  when  bitartrate  of 
potassa  subsides,  and  the  clear  solution,  by  spontaneous  evaporation,  gradu- 
ally deposites  ferro-cyanuret  of  hydrogen  in  small  cubic  crystals  of  a  yel- 
low colour,  which  contain  an  undetermined  quantity  of  water  of  crystalliza- 
tion. In  the  second  process  a  solution  of  ferro>cyanurct  of  barium  is  de- 
composed by  a  quantity  of  sulphuric  acid  exactly  sufficient  for  separating 
the  barium  as  sulphate  of  baryta.  Bcrzelius  recommends  that  moist  ferro- 
cyanuret  of  lead  or  copper  should  be  suspended  in  water  and  decomposed  by 
hydrosulphuric  acid,  the  excess  of  the  gas  be  removed  by  a  little  fresh  ferro- 
cyanuret  of  lead,  and  the  liquid  afler  filtration  be  evaporated  to  dryness  in 
vacuo  along  with  sulphuric  acid.  An  uncrystalline  white  residue  is  obtained, 
which  contains  one  eq.  of  water,  of  which  it  cannot  be  deprived  by  heat 
without  decomposition.  In  the  process  of  Berzelius  the  hydrogen  is  derived 
from  hydrosulphuric  acid,  the  sulphur  of  which  unites  with  lead ;  while  in 
those  of  Porrett  decomposed  water  rapplics  the  hydrogen,  and  its  oxygen 
combines  with  the  potassium  or  barium. 

Ferro-cyanuret  of  hydrogen  is  neither  volatile  nor  poisonous  in  small 
quantities,  is  inodorous,  and  has  an  agreeably  acid  taste  fbllowed  by  slight 
astringcncy.  It  reddens  litmus  paper,  neutralizes  alkalies,  and  dissolves 
the  alkaline  carbonates  with  efiervescence,  yielding  ferro- cyanurets  with  the 
metals  of  the  alkalies.  With  a  persalt  of  iron  it  yields  Prussian  blue.  Its 
solution  in  open  vessels  is  gradually  decomposed  by  the  oxygen  of  the  air, 
and  Prussian  blue  is  generated,  changes  which  are  hastened  by  the  influ^ 
ence  of  light  When  its  solution  is  boiled,  hydrocyanic  acid  is  gradually 
disengaged,  and  a  white  precipiute  falls,  which  is  rendered  blue  by  the 
oxygen  of  the  air.  When  the  dry  fbrro-cyanurvit  of  hydrogen  is  distilled, 
it  first  yields  hydrocyanic  acid,  and  then  hydrocyanate  and  carbonate  of 
ammonia,  carburet  of  iron  being  left 

FERRO-SESQUICYANURETS. 

Sesquicyannret  of  iron,  which  has  not  been  obtained  in  a  solid  state,  acts 
the  same  part  towards  the  basic  cyanurets,  as  protocyanurct  of  iron  in  the 
ierro-cyanurets,  and  yields  definite  saline  compounds,  which  may  be  termed 
ftrro-Msquicyanttrots.    The  principal  oompoonds  of  this  &mily  are  the 
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Arro-iesquicyuiuretfl  of  pota»iumi  sodium,  barium,  caleiaro,  and  hydnwen, 
all  of  which  yield  crysUit  of  a  red  colour,  are  soluble  in  water,  and  torm 
Fruasian  blue  with  aalU  of  the  protoxide  of  iron,  for  which  tliey  affurd  a 
teat  of  great  delicacy.  To  the  same  &nuly  belong  Pruaaian  blue.  These 
compounds  are  thus  constituted  i-^ 

Names.         Basic  Cyan.  Sesquicy.  Iron.      EqniT.       Formulae. 

Ferro-sesquicyanu-;^ggg2  3^0.+ 13517  1  eq.=331.79  3KCy+Fe«Cy». 
ret  of  potassium  C     -  ^   •  ^  j  t  j 

Ditto  of  sodium     149.07  3  eq.  + 135.17  1  cq.=284.24  aNaCy+Fe«Cy». 
Ditto  of  barium      2S5J27  3  cq.  +  135.17  1  eq.=420.44  3BaCy+Fe«Cj». 
Ditto  of  calcium     140.67  3  eq.  + 135.17  1  eq.=275.84  SCaCy+Fe^Cy*. 
Ditto  of  hydrogen    82  17  3  eq.-f- 135.17  1  eq.=217.34  3HCy+Fe  Cy3- 
Ditto  of  iron  163.17  3  eq.-f-270.34  2  cq.=433^1  3FcCy+2Fe»Cy« 

Ferrosesquicyanuret  of  Potatgium, — L.  Gmelin,  who  discovered  this 
&mily  of  salts,  prepares  this  compound  by  transmitting  through  a  rather 
dilute  solution  of  ferro-cyanuret  of  potassium  a  current  of  chlorine  gas, 
stirring  the  liquid  continually  to  prevent  an  excess  of  chlorine  in  any  one 
part  of  the  solution.  The  process  is  Icnown  to  be  complete  by  the  solntion 
ceasing  to  give  a  blue  precipitate  with  a  persalt  of  iron  which  is  quite  free 
from  the  protoxide,  or  by  the  liquid,  which  at  first  becomes  green,  appearing 
red  by  transmitted  liffht,  as  when  held  between  the  eye  and  a  burning  can- 
dle.    The  reaction  ot  the  materials  is  such  that 

2  eq.  fcrro-cyan.  of  pot    ^     1  eq.  ferro-scsquicyan.  of  potassium 

2(2KCy-f-FeCy)  .-J  3KCy  +  Fc2Cy3. 

and  1  eq.  chlorine     CI       •^    and  1  eq.  chla  of  potassium   K-f-CL 

The  fcrro-BCsquicyanuret  contains  all  the  elements  of  two  eq.  of  the  ferro- 
cyanurct  of  potassium,  except  one  equivalent  of  potassium  abstracted  by 
the  chlorine;  but  an  excess  of  the  gas  is  to  be  avoided,  as  it  would  speedily 
decompose  the  fcrro-«esquicyanuret  by  virtue  of  the  some  affinity  which 
caused  its  production.  The  solution  after  concentration  deposites  actcular 
crystals,  which  by  solution  in  pure  water  and  spontaneous  evaporation  crys- 
tallize in  transparent  anhydrous  prisms  of  a  ruby-rcd  colour. 

The  fcrro-sesquicyanurct  of  potassium  is  unchanged  by  exposure  to  the 
air,  and  is  very  sparingly  soluble  in  alcohol.  It  does  not  precipitate  salts  of 
the  peroxide  of  iron ;  but  it  indici^^  the  presence  of  protoxide  of  iron  dis- 
solved in  90,000  parts  of  water,  striking  a  blue  or  green  precipitate  accord* 
ing  to  the  strength  of  the  solution.  When  the  crystals  are  heated,  cyanogen 
and  nitrogen  gases  are  disengaged,  and  ferro-cyanuret  of  potassium,  with 
a  little  carburet  of  iron,  is  reproduced. 

The  ferro-scsquicyanurcU  of  sodium,  barium,  and  calcium  are  prepared 
by  a  similar  process  as  the  foregoing  salt,  which  they  resemble  in  pro- 
perties. 

Ferrosesquicyanuret  of  Hydrogen, — When  the  ferro-sesquicyanuret  of 
potassium  is  mixed  with  a  salt  of  protoxide  of  lead,  no  immediate  precipi- 
tate ensues  ;  but  after  a  time  reddish-brown  crystals  of  ferro-sesqaicyanurei 
of  lead  are  deposited.  On  decomposing  these  crystals  with  hydrosulphuric 
acid  gas,  sulphoret  of  lead  and  ferro-sesquicyanuret  of  hydrogen  are  gene- 
rated. Tho  latter  is  left  as  a  red  solution,  and  crystallizes  by  spontaneous 
evaporation  in  needles  of  a  brownish-yellow  colour.  This  compound  has 
an  acid  taste  and  reaction  like  the  ferro-cyanuret  of  hydrogen,  and  ought  to 
be  viewed  ns  a  hydracid  if  the  latter  is  sa 

Ferro^eaquicyanuret  of  Iron, — ^This  compound  was  accidentally  discover- 
ed at  Berlin  in  1710,  from  which,  and  from  iU  beautiful  blue  colour,  it  be- 
came  generally  known  under  the  mtme  of  Berlin  or  Pru$nan  Uue.  It  has 
of  late  been  considered  as  a  ferrocyanatfe  (page  489)  of  the  peroxide  of  inm; 
but  our  improved  knowledge  of  the  haloid  salts  has  caused  Berzelios  to 
place  it  among  the  double  cyanurets :  it  may  be  viewed  as  a  ferro-cyanorei 
of  the  sesqoicyanuret  of  iron,  or  as  a  ferro-sesquicyaniuret  of  protocyaniuret 
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of  iron.  To  its  prodnction,  therefore,  the  protocyanuret  and  ■e8quic3r«nnret 
^  iron  are  both  necessary.  A  ferro-cyanuret  g^ves  Prossian  blue  with  a 
•ah  of  the  pero^de  of  iron,  becanse  by  interchange  of  their  elements  ses- 
qnioyanoret  of  iron  is  generated:  thas 

^%KC^F^f^''\     3     leq-P™^«»l>h«o3FeCy+2Fe«Cy». 

Here  tlie  exchange  lies  between  the  peroxide  of  iron  and  (^anuret  of  po- 
tassium, four  eq.  of  iron  taking  the  place  of  six  eq.  of  potassium,  while  six 
eq.  of  potassa  unite  with  the  acid  which  had  been  united  with  two  eq.  of 
peroxide  of  iron.  Protoxide  of  iron  does  not  produce  the  same  effect,  be- 
canse when  it  exchanges  elements  with  cyanuret  of  potassium,  protocyana- 
ret  and  not  sesqnicyanuret  of  iron  is  generated. 

When  the  ferro*aesqnicyanuret  of  potassium  (3KCy-|-FeSCy3)  is  mixed  ^ 
with  a  persalt  of  iron,  Prussian  blue  is  not  generated,  becouse  an  exchange 
of  elements  between  peroxide  of  iron  and  cyanuret  of  potassium  gives  riie 
to  setquicyanoret  and  not  protocyanaret  of  iron.  But  if  a  salt  of  the  prot- 
oxide is  present,  then 

potassium     )  ^  ^rts   ^y    . 

'^tJt^t?L?.fl  RfV.^n^  ^  6  eq.  of  potassa  6(K-K>) 

protoxideof  ^  6(Fe+0)  andSeq-proto^y-ofironScFe^Icy). 

Here  six  eq.  of  protocyannret  of  iron  and  six  eq.  of  potassa  are  generated ; 
the  latter  unite  with  the  acid  previously  combined  with  the  protoxide  of 
iron,  three  out  of  the  six  eq.  of  protocyannret  of  iron  enter  into  the  forma- 
tion of  Prussian  bloc,  and  the  remainder  subsides  along  with  it,  or  is  dis- 
flolted  if  an  excess  of  acid  be  present 

I'd  prepare  pure  Prossian  blue,  add  ferro-cyanurct  of  potassium  to  sul- 
phate of  peroxide  of  iron,  the  latter  being  in  excess  and  acidulated  with  sul- 
phuric acid,  and  both  largely  diluted.  AAer  the  blue  precipitate  has  sub- 
sided, draw  off  the  clear  liquor  with  a  syphon,  fill  up  the  vessel  with  cold 
water  slightly  acidulated  with  sulphuric  acid,  and  afler  subsidence  again 
draw  off  the  water.  After  repeating  this  process  several  times,  first  with 
aeidulated  and  then  with  pure  water,  dry  the  precipitate  in  a  warm  place. 
It  is  then  obtained  in  small  lumps  of  an  intensely  blue  colour,  wilh  a  copper- 
red  shine  on  its  surface.  The  necessity  for  careful  washing  arises  from  the 
tendency  of  Prussian  blue  to  combine  as  a  double  salt  with  ferro-cyanuret 
of  potassium,  a  tendency  which  is  observable  in  the  ferro-cyanurcts  gene- 
rally. Thus,  Mosandcr  finds  that  on  mixing  a  concentrated  solution  of 
ferro-cyanuret  of  potassium  with  a  salt  of  baryta,  lime,  or  magnesia,  com- , 
pounds  result  which  consist  of  one  eq.  of  fcrro-cyanuret  of  potassium  with 
one  eq.  of  fcrro-cyanurets  of  barium,  calcium,  and  magnesium.  In  like  man- 
ner does  Prussian  blue  combine  with  ferro-cyanuret  of  potassium,  probably 
in^two  or  more  proportions  depending  on  the  relative  quantities  of  the  mate- 
rials. If  a  persalt  of  iron  is  gradually  mixed  with  a  solution  of  ferro-cyanu- 
*ret  of  potassium  in  excess,  the  latter  falls  with  Prussian  blue  as  a  double 
-salt,  which  is  insoluble  in  a  saline  fluid,  but  forms  a  blue  solution  with  pure 
water.  Hence,  as  soon  as  the  saline  matters  of  the  solution  are  washed 
away,  the  precipitate  begins  to  dissolve,  and  by  continually  supplying  pure 
water  nearly  the  whole  of  it  is  removed.  From  some  lale  experiments  of 
Berzelius  this  soluble  compound  appears  to  consist  of  one  eq.  of  Prussian 
blue  with  one  eq.  of  ferro-cyanuret  of  potassium,  its  formula  being  (2KCy-)- 
FcCy)4-(3FcCy +2FeaCy3).  When  the  persalt  of  iron  is  mixed  in  excess 
with  ferro-cyanuret  of  potassium,  some  of  the  latter  still  falls  as  a  double 
salt,  which,  however,  is  insoluble  even  in  pure  water,  and  contains  a  larger 
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proportional  quantity  of  Prussian  blue.  On  washing  with  cold  water  thtv 
doable  salt  is  gradually  decomposed  by  atmospheric  oxygen :  a  portion  ol* 
proto-cyanuret  of  iron  is  resolved  into  peroxide  and  sesquicyanuret :  the  lal- 
ter  unites  with  cyanoret  of  potassium,  and  is  dissolved  as  the  red  ierro- 
sesquicyanuret,  while  the  peroxide  remains  with  the  Prussian  blue.  (Bcrze- 
Uus  in  An.  de  Ch.  et  de  Ph.  li.  357.) 

Prussian  blue  oflen  contains  peroxide  of  iron,  perhaps  in  combination,  as 
well  as  ferro-cyanurct  of  potassium.  An  instance  of  this  has  just  been  men- 
tioned, and  the  same  impurity  always  exists  in  the  Prussian  blue  of  com- 
merce. When  a  protosalt  of  iron  is  precipitated  with  cyanurel  of  potassiani, 
the  orange  protocyanurct  quickly  undergoes  the  same  change  as  protocbio. 
ride  of  iron  (page  338) :  the  iron  of  a  portion  of  the  protocyanuret  is  divided 
between  cyanogen  and  oxygen  from  the  air,  forming  seaquicyanuret  and 
peroxide  of  iron,  and  the  former  instantly  unites  with  the  protocyanuret  to 
constitute  Prussian  blue.  The  test  for  hydrocyanic  acid  mentioned  at  page 
970,  as  well  as  the  manufacture  of  Prussian  blue,  depends  on  this  chaiagpe. 
This  pigment  is  prepared  for  the  arts  by  fusing  animal  matters  with  pearl- 
ash  so  as  to  form  cyanuret  of  potassium,  which  is  mixed  in  solution  with 
green  vitriol  and  alum.  A  dirty  green  precipitate  ensues,  consisting  of 
black  oxide  of  iron,  protocyanuret  of  iron,  and  alumina,  which  by  exposure 
to  the  air  becomes  blue.  Hence  the  Prussian  blue  of  commerce  contains  as 
impurities  hydrated  alumina  and  peroxide  of  iron,  combined  usually  with 
a  little  sulphuric  acid,  and  ierro^yanuret  of  potassium :  this  foreign  matter 
may  be  removed  by  maceration  in  water  strongly  acidulated  with  sulphuric 
acid,  and  common  Prussian  blue  be  thus  fitted  for  the  preparation  of  bi- 
cyanuret  of  mercury  and  for  other  chemical  purposes. 

Pure  Prussian  blue  is  insipid  and  inodorous,  insoluble  in  water  and  alco- 
hoi,  and  is  not  decomposed  by  dilute  hydrochloric  or  sulphuric  acids. 
Strong  hydrochloric  acid  abstracts  its  iron,  and  causes  the  separation  of 
ferro-cyanurct  of  hydrogen.  By  nitric  acid  it  is  oxidized  and  decomposed. 
Strong  sulphuric  acid  dissolves  it,  forming  a  white  compound  of  the  aspect 
of  gelatinous  starch,  from  which  water  throws  down  Prussian  blue  in  its 
original  state.  Subjected  moist  to  the  action  of  hydrosulphuric  acid,  iron 
filings,  or  powdered  tin,  air  being  excluded,  it  is  reduced  with  loss  of  cyano> 

S>n  to  protocyanurct  of  iron ;  but  it  recovers  its  blue  colour  on  exposure  to 
e  air.  The  alkalies  exchange  elements  with  the  iron  of  the  sesquicyanu- 
ret,  separating  peroxide  of  iron,  and  forming  a  fcrro-cyanuret  (page  487). 
Prussian  blue  has  a  strong  affinity  for  moisture,  and  when  dried  to  the  ut- 
most temperature  which  it  can  bc^r  without  decomposition,  it  still  retains  a 
considerable  quantity  of  combined  water.  By  destructive  distillation  it 
gives  off  water,  hydrocyanate  of  ammonia,  and  carbonate  of  ammonia,  while 
carburet  of  iron  is  lefl  in  the  retort 

zinco4:yanurets. 

L.  Gmelin  obtained  a  double  cyanuret  of  zinc  and  potassium  in  which  the 
xinc  acts  as  iron  in  the  ferro-cyanurcts.  The  zinco-cyannret  of  potassium  is 
obtained  by  dissolving  cyanuret  of  zinc  in  a  solution  of  cyanuret  of  potas- 
sium, or  by  dissolving  hydrated  oxide  of  zinc  in  a  solution  of  cyanuret  of 
potassium,  and  neutralizing  with  hydrocyanic  acid.  It  is  said  to  crystallise 
m  large  regular  octobedrons,  which  are  colourless  and  anhydrous.  A  series 
of  zinco-cyanurets  may  doubtless  be  formed,  including  an  acid  zinco-cyanu- 
ret  of  hydrogen. 

A  cobalto-cyanurct  of  potassium  may  be  prepared  in  the  same  manner  as 
the  preceding  salt,  and  Gmelin  procured  it  in  yellow  crystals  similar  in  com- 
position and  form  to  ferro-cyanuret  of  potassium.  Gmelin  has  also  obtained 
similar  double  cyanurets  with  nickel  and  copper,  and  his  observations  have 
been  confirmed  by  a  late  pupil  of  mine,  Mr.  F.  Rodgers,  and  his  brother 
(PhiL  Mag.  iv.  96,  for  1834).  From  the  facts  collected  by  these  chemists  it 
is  obvious  that  tlie  double  cyanurets  offer  a  wide  field  of  research,  and  that 
*he  ferro-cyanurets  merely  constitute  one  family  of  a  large  group  of  salts. 


PART  HI. 

ORGANIC  CHEMISTRY. 


Tbb  department  of  organic  chemistry  comprehends  the  history  of  those 
compounds  which  are  of  animal  or  vegetable  origin,  and  which  are  hence 
called  organic  sabstances.  These  bodies,  viewed  collectively,  form  a  re- 
markable contrast  with  those  of  the  mineral  kingdom.  Such  substances  in 
general  are  characterized  by  containing  some  princiiple  peculiar  to  each. 
Thas  the  presence  of  nitrogen  in  nitric,  and  of  sulphur  in  sulphuric  acid, 
establishef  a  wide  distinction  between  these  acids ;  and  although  in  manj 
instances  two  or  more  inorganic  bodies  consist  of  the  same  elements,  as  is 
exemplified  by  the  compounds  of  snlphur  and  oxygen,  or  of  nitrogen  and 
oxygen,  they  are  always  £ew  in  number,  and  distinguished  by  a  well-marked 
difference  in  the  proportion  in  which  they  are  onited.  The  products  of  ani- 
mal and  ve^table  life,  on  the^  contrary,  consist  essentially  of  the  same  ele- 
mentary principles,  tlie  number  of  which  is  verjr  limited.  They  are  nearly 
all  composed  of  carbon,  hydrogen,  and  oxygen,  in  addition  to  which  some 
of  them  contain  nitrogen.  Besides  these,  portions  of  phosphorus,  sulphur, 
iron,  silicic  acid,  potana,  lime,  and  other  substances  of  a  like  nature,  may 
sometimes  be  detected;  but  their  quantity  is  exceedingly  minute  when  com- 
pared with  the  principles  above  mentioned.  In  point  of  composition,  there- 
fore, most  organic  substances  differ  only  in  the  proportion  of  their  consti- 
tuents, and  on  this  account  may  not  unfrequently  be  converted  into  one 
another. 

The  elements  of  organic  bodies  are  united  with  each  other  in  definite 
proportion,  and,  therefore,  the  same  laws  of  combination  which  regulate  the 
composition  of  mineral  sabstances,  must  likewise  infiuence  that  of  organic 
compounds.  In  the  latter,  however,  the  modes  of  combination  are  generally 
of  a  complex  kind.  A  single  molecule  of  a  metallic  oxide  or  a  chloride,  as 
determined  by  its  combining  weight,  consbts  of  two  elements,  and  usually 
of  two  or  three  atoms  only.  Thusyin  an  equivalent  of  potassa,  the  chemist 
has  to  do  with  a  single  equivalent  of  potassium  and  of  oxygen,  between 
which  one  kind  of  combination  only  is  practicable.  In  an  equivalent  of 
sulphuric  acid  there  are  four  atoms,  which  admit  of  three  different  arrange- 

ments;  for  S  and  30  may  be  united  as  S+30,  or  S+20,  or  S+0.  But 
here,  guided  by  the  third  law  of  combination  (page  137),  and  by  tlie  other 
compounds  of  sulphur  and  oxygen,  chemists  infer  with  confidence  that 
S+jO  is  tlie  true  mode  in  which  the  elements  of  that  acid  are  united. 
But  in  organic  compounds  a  single  combining  molecule  is  oflen  made  up  of 
so  many  elementary  particles,  that  one  is  bewildered  by  the  multiplicity  of 
possible  modes  of  combination.  An  equivalent  of  tartaric  acid  contains 
ibur  eq.  of  carbon,  two  eq.  of  hydrogen,  and  five  eq.  of  oxygen,  which  it  is 
obvious  may  be  arranged  in  a  variety  of  ways;  and  an  equivalent  of  quinia 
is  composed  of  twenty-one  eq.  of  carbon,  twelve  eq.  of  hydrogen,  one  eq.  of 
nitrogen,  and  two  eq.  of  oxygen.  The  difficulty  of  assigning  any  one  ar- 
rangement of  so  many  elements  in  preference  to  others  equally  probable,  or 
sometimes  of  agreeing  on  any  arrangement  which  is  probable,  formerly  led 
chemists  to  suspect  that  the  modes  of  combination  in  organic  and  inorganic 
bodies  were  essentially  distinct  But  the  progress  of  analytical  chemistry 
has  in  a  great  degree  corrected  this  opinion,  and  is  daily  destroying  the  dis* 
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tinction  between  these  two  classes  of  substances.  The  late  researches  of 
Liebiff  and  Wohler  on  the  radical  of  benzoic  acid,  and  those  of  Dumatf  on 
camphene,  have  indisputably  established  the  existence  of  compound  inflam- 
mable or  electro-positive  substances,  which  like  cjanogfen  are  susceptible  of 
uniting  with  oxygen,  chlorine,  sulphur,  and  other  energetic  principles,  and 
of  being  transferred  from  one  to  the  other  without  a  change  in  their  own 
constitution.  Many  vegetable  substances  appear  to  consist  of  electro-posi- 
tive compounds  of  carbon  and  hydrogen,  which  in  some  bodies  exist  mere- 
ly as  oxides,  and  in  others  act  as  bases  in  relation  to  water,  carbonic  oxide, 
carbonic  acid,  or  similar  compounds.  In  the  constitution  of  animal  mat- 
ters, cyanogen  appears  to  act  an  important  function,  as  may  be  inferred 
from  the  history  of  urea  and  uric  acid. 

When  organic  substances  are  heated  to  redness  with  pure  potassa  or  soda, 
they  invariably  yield  alkaline  carbonates;  but  at  a  temperature  of  about 
40(F  or  450^,  many  of  them  are  decomposed  with  formation  of  oxalic  acid. 
This  fact  has  been  noticed  by  Gay.Lussac,  who  observed  it  with  cotton, 
saw-dust,  sugar,  starch,  gum,  sugar  of  milk,  and  tartaric,  citric,  and  mucie 
acids.  The  other  products  of  course  vary  with  the  nature  of  the  substance; 
but  water  and  acetic  acid  are  generally  formed.  (Qoarterly  Journal  of  8ci* 
ence,  N.  S.  vi.  413.) 

Organic  substances,  owing  to  the  energetic  affinities  with  which  their 
elements  are  endowed,  are  very  prone  to  spontaneous  decomposition.  The 
prevailing  tendency  of  carbon  and  hydrogen  is  to  appropriate  to  themselves 
BO  much  oxygen  as  shall  convert  them  into  carbonic  acid  and  water:  and 
hence,  in  whatever  manner  these  three  elements  may  be  mutually  combined 
in  a  vegetable  substance,  they  are  always  disposed  to  resolve  themselves 
into  the  compounds  just  mentioned.  If,  at  the  time  this  change  oocura, 
there  is  an  insufficient  supply  of  oxygen  to  oxidize  the  hydrogen  and  carbon 
completely,  then,  in  addition  to  carbonic  acid  and  water,  carbonic  oxide  and 
carburctted  hydrogen  gases  will  probably  be  generated.  One  or  both  of 
these  combustible  products  must  in  every  case  he  formed,  except  when  oxy- 
gen is  firecly  supplied  from  extraneous  sources ;  because  organic  bodies  are 
so  constituted  that  their  oxygen  is  never  in  sufficient  quantity  for  convert- 
ing the  carbon  into  carbonic  acid,  and  the  hydrogen  into  water. 

If  substances  composed  of  oxygen,  hydrogen,  and  carbon,  are  liable  to 
spontaneous  decomposition,  that  tendency  should  become  much  stronger 
when  nitrogen  is  also  present  Otlier  and  powerful  affinities  are  then  super- 
added to  those  above  enumerated,  and  especially  that  of  hydrogen  for  nitro- 
gen. Such  compounds  are  very  prone  to  decomposition,  and  uie  usual  pro- 
ducts are  water,  carbonic  acid,  hydrocyanic  acid,  and  ammonia. 

Another  circumstance  which  is  characteristic  of  organic  products  is  the 
impracticabilily  of  forming  them  artificially  by  direct  union  of  their  ele- 
ments, the  tendency  of  those  elements  being  to  unite  so  as  to  form  water 
and  carbonic  acid.  Some  organic  bodies  are  developed  during  tlie  decompo- 
sition of  others,  as,  for  instance,  oxalic  acid  from  most  substances  when 
digested  in  nitric  acid,  alcohol  from  sugar,  and  acetic  acid  in  the  distillatioii 
of  wood;  but  these  results  do  not  strictly  form  exceptions  to  the  preceding 
remark. 

Animal  and  vegetable  substances  are  decomposed  by  a  red  heat,  and 
nearly  all  are  partially  affected  by  a  temperature  far  below  ignition.  When 
heated  in  the  open  air,  or  with  substances  which  yield  oxygen  freely,  they 
bum,  and  are  converted  into  water  and  carbonic  acid ;  but  if  exposed  to 
heat  in  vessels  from  which  atmospheric  air  is  exclnded,  very  complicated 
products  ensue.    A  compound,  consisting  of  carbon,  hydrogen,  and  oxy^n, 

S'elds  water,  carbonic  acid,  carbonic  oxide,  carburctted  hydrogen  of  Tarioua 
nds,  and  probably  pure  hydrogen.  Besides  these  products,  some  acetic 
acid  is  commonly  generated,  together  with  a  volatile  oil  which  has  a  dark 
colour  and  burnt  odour,  and  is  hence  called  empyreumatic  oil.  An  azotized 
substance,  in  addition  to  these,  yields  ammonia,  cyanogen,  and  probably 
Aree  nitrogen. 
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From  the  ibre|oin(p  remarks,  it  appeara  that  or^anie  products  are  char- 
acteriied  by  the  iollowinji^  circumstances: — Ist,  by  being  compo8e4  of  the 
same  elements;  3nd,  by  the  facility  with  which  they  undergo  spontaneous 
decomposition ;  3rd,  by  the  impracticability  of  forming  them  by  the  direct 
union  of  their  elements ;  and  4th,  by  being  decomposed  at  a  red  heat. 

VEGETABLE  CHEMISTRY. 

All  bodies  which  are  of  Tegetable  origin  are  termed  vegetable  substances. 
They  are  nearly  all  composed  of  oxygen,  hydrogen,  anf  carbon,  and  in  a 
&w  of  them  nitrogen  is  likewise  present  Every  distinct  compound  which 
exists,  ready  formed  in  plants,  is  called  a  proximate  or  immediate  principle 
of  vegetables.  Thus  sugar,  starch,  and  gum  are  proximate  principles. 
Opium,  though  obtained  from  a  plant,  is  tiot  a  proximate  principle;  but 
consists  of  several  proximate  principles  mixed  more  or  less  intimately  with 
each  other. 

The  proximate  principles  of  vegetables  are  sometimes  distributed  over 
the  whole  plant,  while  at  others  they  are  confined  to  a  particular  part.  The 
methods  by  which  they  are  procured  are  very  variable.  Thus  gum  exudes 
spontaneously,  and  the  saccharine  juice  of  the  maple-tree  is  obtained  by  in. 
cisions  made  in  the  bark.  In  some  cases  a  particular  principle  is  mixed 
with  such  a  variety  of  others,  that  a  distinct  process  is  required  for  its  sepa- 
ration. Of  such  processes  consists  the  proximate  analysi*  of  vegetables. 
Sometimes  a  substance  is  separated  by  mechanical  means,  as  in  tl^  prepa- 
ration of  starch.  On  other  occasions,  advantage  is  taken  of  the  volatility  of 
a  compound,  or  of  its  solubility  in  some  particular  menstruum.  Whatever 
methoid  is  employed,  it  should  be  of  such  a  nature  as  to  occasion  no  change 
in  the  composition  of  the  body  to  be  prepared. 

The  reduction  of  the  proximate  principles  into  their  simplest  parts  constip 
ttttes  their  ultimate  anaiysis.  By  this  means  chemists  ascertain  the  quan- 
tity of  oxygen,  carbon,  and  hydrogen  present  in  any  compound.  The  fbrmer 
method  of  performing  this  operation  was  by  what  is  termed  deetructvoe  dit^ 
tiUation ;  that  is,  bv  exposing  the  compounds  to  a  red  heat  in  close  vessels, 
and  collecting  all  the  products.  So  many  different  substances,  however,  are 
procared  in  this  way,  such  as  water,  carbonic  acid,  carbonic  oxide,  carbu- 
retted  hydrogen,  and  the  like,  that  it  is  almost  impossible  to  arrive  at  a  satii^ 
ikotonr  conclusion.  A  more  simple  and  effectual  method  was  proposed  by 
Oay-Lussac  and  Thenard  in  the  second  volume  of  their  celebrated  iis. 
ekerthee  Phytico-Chimiquee*  The  object  of  their  process,  which  is  applica- 
ble  to  the  ultimate  analysis  of  animal  as  well  as  vegetable  substances,  is  to 
convert  the  whole  of  the  carbon  into  carbonic  acid,  and  the  hydrogen  into 
water,  by  means  of  some  compound  which  contains  oxygen  in  so  loose  a 
state  of  combination  as  to  give  it  up  to  those  elements  at  a  red  heat. 

The  sgent  first  employed  by  these  chemists  was  chlorate  of  potassa.  This 
substance,  however,  is  liable  to  the  objection,  that  it  not  onlv  gives  oxygen 
to  the  substance  to  be  analyzed,  but  is  itself  decomposed  by  heat  On  this 
account  it  is  now  very  rarely  employed  in  ultimate  afialysis,  oxide  of  co|k 
per,  proposed  by  Gay.Lussac,  having  been  substituted  for  it  This  oxide,  if 
alone,  may  be  heated  to  whiteness  without  parting  with  oxygen ;  whereas  it 
yields>oxygen  readily  to  any  combustible  substance  with  which  it  is  ignited. 
It  is  eas^,  therefore,  by  weighing  it  before  and  afler  the  analysis,  to  discover 
the  precise  quantity  of  oxygen  which  has  entered  into  union  with  the  car- 
bon and  hydrogen  of  the  substances  submitted  to  examination. 

The  ultimate  analysis  of  organic  bodies  is  one  of  the  most  delicate  opera- 
tions with  which  the  analytical  chemist  can  be  engaged.  The  chief  cause 
of  uncertainty  in  the  process  arises  from  the  presence  of  moisture,  which  is 
retained  by  some  animal  and  vegetable  substances  with  such  force,  that  it 
can  be  expelled  only  by  a  temperature  which  endangers  the  decomposition 
of  the  compound  itself.  The  best  mode  of  drying  organic  matters  for  the 
purpose,  is  by  confining  them  with  sulphuric  acid  under  the  exhausted  r^ 
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eeiver  of  an  air-pump,  andexpoaing  them  at  the  lame  time  to  a  temperatare 
of  212^, — a  method  adopted  by  Beraclius,  and  for  which  a  neat  apparatua 
has  been  described  by  Dr.  Prout  (An.  of  Phil.  vi.  272.)  Another  source  of 
difficulty  is  occasioned  by  atmospheric  air  within  the  apparatus,  owinr  to 
the  presence  of  which  nitrogen  may  be  detected  in  the  products,  withoat 
having  been  contained  in  the  substance  analyzed. 

But  Ihough  the  ultimate  analysis  of  organic  substances  is  difficult  in 
practice,  in  theory  it  is  exceedingly  simple.  It  consists  in  mixing  three  or 
K>ur  grains  of  the  body  to  be  analyzed  with  about  two  hundred  grains  of 
oxide  of  copper,  heating  the  mixture  to  redness  in  a  glass  tube,  and  collect* 
ing  tlje  gaaeous  products  in  a  graduated  glass  jar  over  mercury.  From  the 
quantity  of  carbonic  acid  procured  by  measure,  its  weight  may  readily  be 
inferred  (page  187) ;  and  firom  this,  the  quantity  of  carbonaceous  matter 
may  be  calculated,  by  recollecting  that  every  22.12  grains  of  the  acid  con- 
tain  16  of  oxygen  and  6.12  of  carbon. 

In  order  to  ascertain  the  quantity  of  hydrogen,  the  gaseous  products  are 
transmitted  through  a  tube  filled  with  fragments  of  fused  chloride  of  cal- 
cium, which  absorbs  all  the  watery  vapour ;  and  by  its  increase  in  weight 
indicates  the  precise  quantity  of  that  fluid  generated.  Every  9  grains  of 
water  thus  collected  correspond  to  1  grain  of  hydrogen  and  8  of  oxygen. 

If  the  quantity  of  oxygen  contained  in  the  carbonic  acid  and  water  cor- 
responds  precisely  to  that  lost  by  the  oxide  of  copper,  it  follows  that  the  l>r. 
ganic  substance  itself  was  free  from  oxygen.  But  if,  on  the  other  Hand, 
more  oxygen  exists  in  the  products  than  was  lost  by  the  copper,  it  is  obvious 
that  the  difference  indicates  the  amount  of  oxygen  contained  in  the  subjeet 
of  analysis. 

If  nitrogen  enter  into  the  constitution  of  the  organic  substance,  it  will 
pass  over  in  the  gaseous  state,  mixed  with  carbonic  acid ;  and  its  quantity 
may  be  ascertained  by  removing  the  carbonic  acid  by  means  of  a  solution  of 
ptire  potassa.  In  order  to  prevent  the  production  of  binoxide  of  nitrogen, 
which  is  otherwise  apt  to  be  generated,  the  oxide  should  be  mixed  with 
•ome  metallic  copper ;  or  the  latter  may  be  placed  on  the  surface  of  the 
oxide,  and  be  kept  at  a  red  heat,  in  order  that  any  oxide  of  nitrogen,  in 
passing  through  the  metallic  maqs,  should  be  decomposed.  The  copper  for 
the  purpose  should  be  in  a  state  of  fine  division,  and  is  best  prepared  from 
the  oxide  by  means  of  hydrogen  gas. 

It  need  scarcely  be  observed,  that  if  the  analysis  has  been  successfully 
performed,  the  weight  of  the  different  proJucU^  added  together,  should  make 
up  the  exact  weight  of  the  organic  substance  employed. 

In  analyzing  an  animal  or  vegetable  fluid,  the  foregoing  process  will  re^ 
quire  slight  modiflcation.  If  the  fluid  is  of  a  fixed  nature,  it  may  be  made 
into  a  paste  with  oxide  of  copper,  and  heated  in  the  usual  manner.  But  if  it 
is  volatile,  a  given  weight  of  its  vapour  is  conducted  over  oxide  of  copper 
heated  to  redness  in  a  glass  tube. 

The  constitution  of  vegetable  substances  is  not  yet  sufficiently  known  to 
admit  of  their  being  classified  in  a  purely  scientific  order.  I  have  arranged 
them  into  seven  sections :  the  firsi  includes  the  vegetable  acids ;  the  second, 
the  vegetable  alkalies ;  the  third  comprises  neutral  substances,  the  oxygen 
and  hydrogen  of  which  are  in  the  same  ratio  as  in  water ;  the  fourth  con- 
tains oleaginous,  resinous,  and  bituminous  principles;  the  fklh,  spirituous 
and  ethereal  principles ;  the  sixth,  colouring  matters ;  and  the  seventh  < 
prebends  substances  not  referable  to  preceding  sections* 
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SECTION    I. 


VEGETABLE  ACIOa 

Those  compounds  are  regarded  as  vegetable  acids  which  possess  the  pro- 
perties of  an  acid,  and  are  peculiarly  the  product  of  vegetation.  These  acids, 
Uke  all  organic  principles,  are  decomposed  by  a  red  heat.  They  are  in  gene- 
ral less  liable  to  spontaneous  decomposition  than  other  vegetable  substances. 
They  are  nearly  all  decomposed  by  concentrated  hot  nitric  acid,  by  which 
they  are  converted  into  carbonic  acid  and  water.  They  do  not  possess  any 
constant  analogy  in  composition.  It  was  thought  at  one  time  that  (heir  ozy- 

fen  was  always  more  than  sufficient  to  convert  all  their  hydrogen  into  water ; 
ut  several  acids  are  known  in  which,  as  in  sugar,  the  oxygen  and  hydro- 
gen are  in  tho  same  ratio  as  in  water,  and  in  benzoic  acid  the  hydrogen  is 
actually  in  excess.  It  seems,  however,  to  be  true  that  all  vegetable  sub- 
stances are  acid,  which  contain  more  oxygen  than  suffices  to  form  water 
with  their  hydrogen.  The  following  table  exhibits  the  constituents  of  the 
principal  vegetable  acids,  and  will  serve  to  show  analogies  of  composition. 
The  formuIiB  merely  express  the  elements  contained  in  an  equivalent  of 
each  acid,  without  indicating  the  order  in  which  they  are  arranged.  The 
composition,  where  not  otherwise  expressed,  indicates  the  anhydrous  acids, 
such  as  tliey  exist  in  combination  with  an  alkali:  the  numeral  attached  to  each 
symbol  expresses  the  number  of  equivalents  of  that  element  contained  in  the 
acid. 

Names  of  acidf.  Carb.  Hyd.  Qxyg.  Equiv.  Formule. 

OxaUc  .  .  •  12i24+  (H-24=  36.24    0^03. 

Do.  sublimed  with  9  parts  or  1  eq.  of  water  s=  45J34 

Do.  in  crystals  from  solution  with  27  parts  or  3  eq.  of  water=  63^4 
MelliUc  .  .  .  24.48+  0+24=  48.48    C*08. 

Croconic  .  .  .  30.6  +  0+32=  62.6      C'O*. 

AceUc  .  .  .  24.48+  3+24=  51.48    C^HsQs. 

Do.  in  crystals  with  9  parts  or  1  eq.  of  water  =  60.48 

LacUc  (in  lactate  of  oxide  of  zinc)  36.72+  5+40=  81.72  CbH»0». 
Do.  dried  in  vacuo  from  solution  with  9  parts  or  1  eq.  of  water=  90.72 
Do.  sublimed  .  .  36.72+  4+32=  72.72    C«H*04. 

Kinic  ....  91.8  -1-10+80=181.8      Cii'HioQio. 

MaUc  .  .  *  .  24.48+  24-32=  58.48    C*Ha04. 

Citric    ....  24.48+  2-j-32=  58.48    C^H^O*. 

Pyrocitric        .  .  .  61.2  -|-  2+24=  875      C*oHaOt, 

Tartaric  .  .  .  24.48+  2-^40=  66,48    C*HaO». 

Do.  in  crystals  with  9  parts  or  1  eq.  of  water         =  75.48 
Racemic  .  .  .  24.48+  2+40=  66.48    C*H>0*. 

Do.  in  crystals  with  18  parts  or  2  eq.  of  water       =  84.48 
Benxoic  .  .  ,  85.68+  5+24=114.68    Ci*H»0». 

Da  in  crystals  with  9  parts  or  1  eq.  of  water         =123.68 
Meconic  ,  .  .  42.84+  2+56=100.84    CrWOr. 

Metameconic    .  .  .  73.44+  4+80=157.44    C»«H<0»". 

Tannic  (from  catechu)  .  110.16+  9+64=183.16    CisHK)*. 

(from  gall-nuts)  .  110.16+  9+96=215.16    C«8HbO*«. 

GoUic  ....  42.84+  3+40=  85.84    C7HsO«. 

Do.  in  crystals  with  9  parts  or  1  eq.  of  water  =s  94.84 

Pvrogallic         .  .  .  36.72+  3+24=  63.72    C»H«0». 

MetagalUc        .  .  .  73.44-|-  3+24=100.44    C««H80s. 

Ellagic  .  .  .  42.84+  2+32=  76.84    C7H<?0*. 

Succinic  .  .  24.48+  2+24==  50.48    C*HH>: 

42» 
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Names  of  acidi.  Garb.  HydOxyg.  Equir.    Formolv. 

Mucic  ....  36.72-H  5+64=105.72    C«H»0». 

Camphoric  .  .  122.4  4-1 6-1-40=178.4    X^wHisQ*. 

Valerianic  .  61.2  -f-  9-^-24=  94i2      CioHsO'. 

RooelUc  .  97.92-1-16-1-32=145.92    CiaflieO*. 

Oxalic  •Scid, 

Oxalic  acid  exists  ready  formed  in  several  plants,  especially  in  the  rume* 
aceto$a  or  common  sorrel^  and  in  the  oxalis  acetoseUa  or  wood  sorrel ;  bat  it 
almost  always  occurs  in  combination  either  with  lime  or  potassa.  These 
plants  contam  binoxalate  of  potassa;  and  the  oxalate  of  lime  has  been  found 
in  large  quantity  by  M.  Braconnot  in  several  species  of  lichen. 

Oxalic  acid  is  easily  made  artificially  by  digesting  sugar  in  five  or  six 
times  its  weight  of  nitric  acid,  and  expelling  the  excess  of  that  acid  by  dis- 
tillation, until  a  fluid  of  the  consistence  of  syrup  remain  in  the  retort  The 
residue  in  cooling  yields  crystals  of  oxalic  acid,  (he  weight  of  which 
amounts  to  rather  more  than  half  the  quantity  of  the  sugar  employed. 
They  should  be  purified  by  repeated  solution  in  pure  water,  and  re-crystal- 
lization ;  for  they  are  very  apt  to  retain  traces  of  nitric  acid,  the  odour  of 
which  becomes  obvious  when  the  crystals  are  lieated.  In  the  conversion  of 
sugar  into  oxalic  acid,  changes  of  a  very  complicated  nature  ensue,  during 
which  a  large  quantity  of  binoxide  of  nitrogen  with  some  carbonic  acid  is 
disengaged :  water  is  freely  generated  at  the  same  time,  and  a  small  quan- 
tity of  malic  and  acetic  acids  is  produced.  As  oxalic  acid  does  not  contain 
any  hydrogen,  and  has  a  smaller  proportional  quantity  of  carbon  than  sugar, 
there  'can  be  no  doubt  that  the  production  of  this  acid  essentially  depends 
upon  the  sugar  being  deprived  of  all  its  hydrogen  and  a  portion  of  its  car- 
bon by  oxygen  derived  from  the  ni(.ric  acid. 

Many  orgpanic  substances  besides  sugar,  such  as  starch,  gum,  most  of  the 
Tegetable  acids,  wool,  hair,  and  silk,  are  converted  into  oxalic  by  the  action 
of  nitric  acid ; — a  circumstance  which  is  explicable  on  the  fact  that  oxalic 
acid  contains  more  oxygen  than  any  other  principle,  whether  of  animal  or 
Tegetable  origin.  It  is  also  generated  by  heating  organic  substances  with 
potassa.   (Pafire494.) 

Oxalic  acid  crystallizes  in  slender,  flattened,  four  and  six-sided  prisms  ter- 
minated  by  two-sided  summits;  but  their  primary  form  is  an  oblique 
rhombic  prism.  It  has  an  exceedingly  sour  taste,  reddens  litmus  paper 
strongly,  and  forms  neutral  raits  with  alkalies.  The  crystals,  which  consist 
of  one  equivalent  of  real  acid  and  three  of  water,  undergo  no  change  in 
ordinary  states  of  the  air ;  but  when  the  atmosphere  is  very  dry,  or  the 
temperature  slightly  raised,  as  to  70°  or  80<>,  partial  efflorescence  ensues, 
and  at  212^  they  lo-e  two  equivalents  of  water,  which  on  exposure  to  the 
air  while  cold  they  soon  recover.  Heated  in  a  tube  to  209°  (hey  fuse  in 
their  water  of  crystallization,  and  are  hence  soluble  in  boiling  water  with- 
out limit:  at  50°  they  dissolve  in  15.5  times  their  weight  of  water,  and  in 
9.5  times  at  57*^ ;  but  the  solubility  is  increased  by  the  presence  of  nitric 
acid.  They  arc  dissolved  also  by  alcohol,  though  less  freely  than  in 
water. 

Oxalic  acid  possesses  considerable  volatility.  Mr.  Faraday  has  shown 
that  a  very  slow  Mublimation  of  oxalic  acid  takes  place  at  common  tempe- 
ratures. At  312^  its  vaporization  goes  on  in  appreciable  quantities;  and  at 
330^  the  acid,  when  deprived  of  two  equivalents  of  its  water  of  crystalliza- 
tion, sublimes  rapidly,  and  without  any  decomposition.  Tlie  sublimed  acid 
crystallizes  in  transparent  acicular  crystals,  which  contain  one  equivalent  of 
water;  but  by  exposure  to  the  air  they  rapidly  absorb  moisture,  and  become 
opaque,  (An.  of  Phil.  N.  S.  x.  348.)  When  fully  hydrated  oxalic  acid  is 
suddenly  heated  to  about  300°,  it  undergoes  decomposition,  and  yields 
carbonic  acid  gas  mixed  with  carbonic  oxide  in  the  ratio  of  6  to  5, 
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and  formic  acid.'  To  this  changfe,  which  hai  been  lately  studied  by  Gay- 
liossac,  the  water  of  crystallization  essentially  contributes,  the  elements  of 
formic  acid  being  such,  that  it  may  be  considered  a  compound  of  two 
equivalents  of  carbonic  oxide  with  one  equivalent  of  water.  The  crystals, 
when  deprived  of  2.3ds  of  their  water,  are  much  more  stable,  not  suffering 
the  same  decomposition  until  the  heat  exceeds  330^,  and  even  then  a  consi- 
derable portion  is  sublimed. 

Oxalic  acid  is  a  powerful  and  rapidly  fatal  poison ;  and  frequent  accidents 
have  occurred  from  its  being  sold  and  taken  by  mistake  for  Epsom  salt, 
with  the  appearance  of  which  its  crystals  have  some  resemblance.  These 
substances  may  be  easily  distinguished,  however,  by  the  strong  acidity  of 
oxalic  acid,  which  mny  b«  tasted  without  danger,  while  sulphate  of  magnesia 
-is  quite  neutral,  and  has  a  bitter  saline  taste.  In  cases  of  poisoning  with 
this  acid,  chalk  mixed  with  water  should  be  administered  as  an  antidote,  an 
insoluble  oxalate  being  formed,  which  is  ir/rrt  Chalk  was  first  suggested 
ibr  this  purpose  by  my  colleague,  Dr.  A.  T.  Thomson ;  and  his  opinion  has 
been  since  fully  confirmed  by  the  experiments  of  Drs.  Christison  and  Coin- 
det,  who  have  recommended  the  use  of  magnesia  with  the  same  intention. 
(Christison  on  Poisons.) 

Oxalic  acid  is  easily  distinguished  fVom  all  other  acids  by  the  form  of  its 
crystals,  and  by  its  solution  giving  with  lime.watcr  a  white  precipitate, 
which  is  insoluble  in  an  excess  of  the  acid.  When  the  acid  is  contained  in 
mixed  fluids,  it  may  be  conveniently  precipitated  by  nitrate  of  oxide  of  lead, 
care  being  taken  beforehand  to  neutralize  the  solution  with  a  little  carbonate 
of  soda.  The  precipitated  oxalate  of  oxide  of  lead,  after  being  well  washed^ 
and  while  yet  moist,  is  suspended  in  water,  and  decomposed  by  a  current  of 
hydrosulphuric  acid  :  the  clear  liquid  is  poured  off  or  filtered  from  the  sul- 
pnuret  of  lead,  and  concentrated  by  evaporation  that  crystals  may  form. 
These  may  be  purified  by  solution  in  pure  water  and  a  second  crystalltw 
zation. 

As  an.  equivalent  of  oxalic  acid  contains  two.  eq.  of  carbon  and  three  of 
oxygen,  it  may  be  regarded  either  as  a'  direct  compound  of  carbon  and 

oxygen,  indicated  by  the  formula  C  or  CO*,  or  as  a  compound  of  earbonie 

oxide  and  carbonic  acid,  denoted  by  C+C  The  latter  is  supported  by  the 
fiict  observed  by  Dobereiner,  that  oxalic  acid  is  converted  into  carbonic 
oxide  and  carbonic  acid  gases  by  the  action  of  concentrated  sulphuric  acid. 
The  decomposition  takes  place  slowly  at  2VJ°,  and  rapidly  at  230<'. 

The  neutral  oxalates  of  protoxides  consist  of  36.24  parts  or  one  eq.  of 
oxalic  and  one  eq.  of  the  base,  the  general  formula  of  such  salts  being 

M-4-Ci  or  M4-0  (page  153).  Most  of  these  compounds  are  eitljer  insoluble 
or  sparingly  soluble  in  water;  but  they  are  all  dissolved  by  the  nitric,  and 
also  by  the  hydrochloric  acid,  except  when  the  latter  precipitates  the  base  of 
the  salts.  The  only  oxalates  which  are  remarkable  for  solubility  are  those 
of  potas<<n,  ;^7da,  lithia,  ammonia,  alumina,  and  peroxide  of  iron. 

A  soluble  oxalate  is  easily  detected  by  adding  to  its  solution  a  neutral 
salt  of  lime  or  oxide  of  lead,  when  a  white  oxalate  of  those  bases  will  be 
thrown  down.  On  digesting  the  precipitate  in  a  little  sulphuric  acid,  an  in- 
soluble sulphate  is  formed,  and  the  solution  fields  crystals  of  oxalic  acid  on 
cooling.  All  insoluble  oxalates,  the  bases  of  which  form  insoluble  com- 
pounds with  sulphuric  acid,  may  be  decomposed  in  a  similar  manner.  AH 
other  insoluble  oxalates  may  be  decomposed  by  potassa,  by  which  means  a 
soluble  oxalfite  is  procured. 

The  oxalates,  like  all  salts  which  contain  a  vegetable  acid,  are  decom- 
posed  by  a  red  heat,  a  carbonate  bein?  lef>,  provided  the  oxide  can^  retain 
carbonic  aoid  at  the  temperature  which  is  employed.  As  oxalic  acid  is  so 
highly  oxidized,  its  salts  leave  no  cltarcool  when  heated  in  close  vessels. 
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Several  oxalates  are  reduced  to  the  metallic  state,  with  erolution  of  pore 
carboDic  acid,  when  heated  to  redness  in  close  vessels.  (Pages  348  and  351.) 
The  peculiar  constitution  of  oxalic  acid  accounts  for  this  change;  for  one 
equivalent  of  the  acid,  to  be  converted  into  carbonic  acid,  requires  precisely 
one  equivalent  of  oxygen,  which  is  the  exact  quantity  contained  in  the  oxide 
of  a  neutral  proioxalate. 

Oxalates  of  Potaasa, — Oxalic  acid  forms  with  potassa  three  compounds;, 
which  were  first  described  by  Wollaston.  (Philos.  Trans.  1808.)  The  first 
is  the  neutral  oxalate,  which  is  formed  by  neutralizing  carbonate  of  potassk 
with  oxalic  acid.  It  crystallizes  in  oblique  quadrangular  prisms,  which 
have  a  cooling  bitter  taste,  require  about  twice  their  weight  of  water  at  60^ 
for  solution,  and  contain  36J24  parts  or  one  eq.  of  oxalic  acid,  47.15  or  one 
>  eq.  of  potassa,  and  9  parts  or  one  eq.  of  water.  This  salt  is  much  employed 
as  a  reagent  for  detecting  lime.  The  binoxalate  is  contained  in  sorrel,  and 
may  be  procured  from  that  plant  by  solution  and  crystallization.  It  crys- 
talli!ses  readily  in  small  rhomboids,  which  are  less  soluble  in  water  than  the 
neutral  oxalate,  and  consist  of  72.48  parts  or  two  eq.  of  acid,  47.15  or  one 
eq.  of  potassa,  and  18  or  two  eq.  of  water.  It  is  often  sold  under  the  name 
of  essential  salt  of  lemons  for  removing  iron  moulds  from  linen ; — an  efiect 
which  it  produces  by  half  of  its  acid  uniting  with  the  peroxide  of  iron  and 
forming  a  soluble  oxalate.  The  quadroxalate  is  the  least  soluble  of  these 
salts,  and  is  formed  by  digesting  the  binoxalate  in  nitric  acid,  by  which  it 
is  deprived  of  half  of  its  bs^e.  The  crystals  consist  of  144i)6  parts  or  four 
eq.  of  acid,  47.15  or  one  eq.  of  potassa,  and  63  or  seven  eq.  of  water. 

Oxalate  of  Soda  may  bo  made  in  the  same  manner  as  oxalate  of  potassa. 
It  likewise  forms  a  binoxalate,  but  no  quadroxalate  is  known. 

Oxalate  of  Ammonia. — ^This  salt,  prepared  by  neutralizing  ammonia  with 
oxalic  acid,  is  much  used  as  a  reagent.  It  is  very  soluble  in  hot  water, 
and  is  deposited  in  acicular  crystals  when  a  saturated  hot  solution  is  allow- 
ed to  cool.  The  crystals  contain  two  equivalents  of  water.  Dr.  Thomson 
has  likewise  described  a  binoxalate  of  ammonia,  which  is  Jess  soluble  than 
the  preceding,  and  contains  three  ^uivaleiits  of  water. 

During  the  decomposition  of  oxalate  of  ammonia  by  heat  an  interesting 
compound  is  generated,  which  was  discovered  and  described  by  Dumas, 
who  has  given  it  the  name  of  oxalammide  or  oxamtde,  compounded  of  the 
words  oxalic  and  ammonia.  (An.  de  Gh.  et  de  Ph.  xliv.  129.)  On  putting* 
oxalate  of  ammonia  into  a  retort  and  applying  heat,  the  crystals  at  fffst  lose 
water  and  become  opaque;  then  the  salt,  where  directly  in  contact  with  the 
hot  glass,  fuses,  boils,  and  disappears;  and  this  action  goes  on  successively 
through  the  mass,  until,  excepting  traces  of  a  light  carbonaceous  matter, 
the  wnole  is  expelled.  During  the  whole  course  of  the  distillation  gaa  ie 
disengaged :  at  first  ammonia  appears,  then  a  mixture  of  carbonic  acid  and 
carbonic  oxide,  the  former  of  which  unites  with  the  ammonia,  and  towarde 
the  close  of  the  process  cyanogen  gas  is  generated.  The  oxamide,  which 
constitutes  but  a  small  part  of  tlie  products,  is  found  as  a  thick  depositc,  of 
a  dirty  white  colour,  in  the  neck  of  the  retort,  and  partly  floating  in  flakes 
in  the  water  of  the  recipient  It  is  separated  from  adhering  carbonate  of 
ammonia  by  being  well  washed  with  cold  water. 

Oxamide  is  insoluble  in  cold  water :  at  212^  it  is  dissolved,  and  is  depo- 
sited unchanged  on  cooling  in  the  form  of  flocks  of  a  dirty  white  colour, 
and  of  a  confused  crystalline  appearance.  Heated  gently  in  an  open  tube  it 
speedily  rises  in  vapour,  and  is  condensed  again  on  the  cold  part  of  the  tube  ; 
but  when  sharply  heated  in  a  retort,  it  enters  into  fusion,  and  while  part 
sublimes,  another  portion  yields  cyanogen  gas,  and  leaves  a  very  bulky  car- 
bonaceous residue. 

The  elements  contained  in  oxamide  are  expressed  by  the  formula  2C4- 
N4.2H^.20.  Nothing  certain  is  known  respecting  tlie  mode  in  which 
these  elements  are  arranged ;  but  the  three  following  hypotheses  are  moat 
consistent  with  known  affinities  :^t  may  be  a  compound  of 
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Cyanosfen  and  water         ....        (2C-|-N)+2(H-f-0) 
Or  binoxtde  of  nitrogen  and  olefiant  ^s  (SH-j-dC)  -f  ( N+20) 

Or  dinituret  of  hydrogen  and  carbonic  oxide    (2H-)-N)4-2(G4-0). 

It  can  scarcely  be  thought  to  contain  either  oxalic  acid  or  ammonia.  But 
when  boiled  with  a  solution  of  potassa,  ammonia  aOer  a  short  time  is  evolved, 
and  oxalate  of  potaaiia  generated ;  and  when  bcated  with  a  large  excess  of 
strong  sulphuric  acid,  a  mixture  of  carbonic  oxide  and  carbonic  acid  gases, 
in  the  ratio  to  form  oxalic  acid,  is  evolved,  and  sulphate  of  ammonia  u  pro- 
duced. Under  the  influence  of  the  attraction  of  potassa  for  oxalic  acid,  or 
of  sulphuric  acid  for  ammonia,  oxamide  and  water  interchange  elements ; 
80  that 

1  eq.  oxamide  3C+-N4-2H-f.SO     S   1  eq.  oxalic  acid  2C4-30 

and  1  eq.  water        H-|-0  *^  and  1  eq.  ammonia        SH-f-N. 

Oxalate  of  Lime, — ^This  salt,  like  all  the  insoluble  oxalates,  is  easily  pre- 
pared by  way  of  double  decomposition.  It  is  a  white  finely  divided  powder, 
which  is  remarkable  for  its  extreme  insolubility  in  pure  water.  On  this  ac- 
count a  soluble  oxalate  is  an  exceedingly  delicate  test  for  lime.  It  is  soluble, 
however,  in  hydrochloric  and  nitric  acids.  It  is  composed  of  36.24  parts  or 
one  eq.  of  ox^ilic  acid,  and  28.5  or  one  eq.  of  lime.  It  may  be  exposed  to  a 
temperature  of  560°  without  decomposition,  and  is  then  quite  anhydrous. 
No  binoxalate  of  lime  is  known. 

This  salt  is  interesting  in  a  pathological  point  of  view,  because  it  is  a  fre- 
quent ingredient  of  urinary  concretions,  being  the  basis  of  what  is  called 
the  mul^rry  calculus. 

Oxalate  of  Magnesia  may  be  prepared  by  mixing  oxalate  of  ammonia 
with  a  hot  concentrated  solution  of  sulphate  of  magnesia.  It  is  a  white  pow- 
der, which  is  very  sparingly  soluble  in  water ;  but,  nevertheless,  when  sul- 
phate of  magnesia  is  moderately  diluted  with  cold  water,  oxalate  of  ammonia 
occasions  no  precipitate.  On  this  fact  is  founded  the  best  analytic  process 
for  separating  lime  from  magnesia. 

Oxalate  of  Chromium  and  Potassa, — This  salt  was  discovered  by  my  br<V 
ther  during  the  winter  of  18.30-31,  by  adding  oxalic  acid  to  a  solution  of 
bichromate  of  potassa  until  efTcrvescence  ceased,  and  then  evaporating.  The 
same  salt  has  been  prepared  independently,  and  by  a  better  process,  oy  Dr. 
Gregory,  who  employs  190  parto  of  bichromate  of  potassa,  157.5  of  oxalic 
acid  in  crystals,  and  517.5  of  crystals  of  binoxalate  of  potassa,  pours  hot  wa- 
ter over  the  materials,  and  when  e6rervescence  has  ceased  eoncentrates  very 
oonsiderably.  This  beautiful  salt  crystallises  in  thin  elongated  prisms, 
which  appear  black  by  reflection,  blue  by  transmitted  light,  and  green  when 
reduced  to  powder :  its  solution  is  green  and  red  at  the  same  time,  except 
by  candlelijrht,  when  it  is  of  a  pure  red.  Dr.  Gregory  considers  it  a  com- 
pound of  three  eq.  of  oxalic  acid,  two  of  potassa,  one  of  green  oxide  of  chro- 
mium, and  six  of  water. 

MeUitic  Acid. — ^This  acid  is  contained  in  the  rare  substance  called  Aoney- 
flofie,  which  is  occasionally  met  with  atThuringiain  Germany.  The  hone-- 
stone, according  to  Klaproth,  is  a  mellitate  of  alumina,  and  on  boiling  it  m 
a  large  quantity  of  water,  the  acid  is  dissolved,  and  the  alumina  subsides. 
On  concentrating  the  solution,  mellitic  acid  is  deposited  in  minute  acicular 
crystals.  From  iU  rarity  it  has  been  little  studied.  Liebig  and  Wohler 
have  shown  (page  497)  that  it  has  the  same  composition  as  succinic  acid, 
hydrogen  excepted.  (An.  de  Ch.  et  de  Ph.  xliii.  200.) 

Croeonie  Acid, — In  the  preparation  of  potassium  flrom  cream  of  tartar 
(page  294),  the  principal  produets  are  potassium  and  carbonic  oxide  gas ; 
but  these  are  aecompanied  with  dense  fumes,  which  in  cool  vessels  deposita 
a  gray  flaky  substance.  On  the  addition  of  water  this  matter  becomes  red, 
and  on  exposure  to  the  air  a  reddish-yellow  solution  is  formed,  which  by 
gentle  evaporation  yields  croconate  of  potassa  in  crystals  of  the  same  colour 
as  the  aolotioo :  the  reaidoal  liquid  containa  bicarbonate  and  oxalate  of  po- 
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taMa.  In  order  to  ■eporate  croconic  acid,  the  cr^ratols,  puriBed  by  a  seeond 
crystaUiiation  and  reduced  to  fine  powder,  are  put  into  absolute  alcohol,  to 
which  sulphuric  acid  of  specific  g^ravity  1.78,  in  quantity  insufficient  fiir 
combining  with  all  the  alkali  of  the  croconate,  is  added.  The  mixture  is  gen- 
tly warmed  during  several  hours,  and  frequently  shaken,  until  a  drop  of  the 
■olution,  mixed  with  chloride  of  barium,  causes  no  turbidity.  The  yellow 
alcoholic  solution  of  croconic  acid  is  then  separated  firom  the  sulphate  of 
potassa  by  filtralion,  and  the  acid  obtained  by  expelling  the  alcohol.  (Gme- 
Iin*s  llundbuch.) 

Croconic  acid,  by  solution  in  water  and  spontaneous  evaporation,  yields 
transporcnt  prismatic  crystals  of  a  yellow  colour,  which  are  inodorous,  have 
an  acid  astrinfcnt  taste,  redden  litmus,  and  neutralize  alkaline  bases.  It 
bears  a  heat  of  212^  without  decomposition,  but  at  a  higher  temperature  it  is 
decomposed,  giving  a  dcposite  of  charcoal.  A  similar  facility  of  decomposi- 
tion is  conspicuous  in  all  its  salts :  when,  for  instance,  croconate  of  potasaa 
is  heated,  it  tikes  fire  at  a  temperature  below  ignition,  the  whole  maBs 
blackens,  and  is  found  to  be  a  mixture  of  charcoal  and  carbonate  of  potaaaa. 
As  it  consists  of  carbon  and  oxygen  in  the  ratio  of  five  eq.  of  carbon  to  four 
eq.  of  oxygen,  its  origin  seems  referable  to  the  deoxidizing  action  of  potaa- 
aiam  on  carbonic  acid  and  carbonic  oxide. 

Acetic  ^cid. 

Acetic  acid  exists  ready  formed  in  the  sap  of  many  plants,  either  free  or 
combined  with  lime  or  potassa :  it  is  generated  during  the  destructive  dis- 
tillation of  vegetable  matter,  and  is  an  abundant  product  of  the  acetous  fer- 
mentation. 

Common  vinegar,  the  acidifying  principle  of  which  ia  acetic  acii,  is  oom> 
monly  prepared  in  this  country  by  fermentation  from  an  infusion  of  malt, 
and  in  France  from  the  same  process  taking  place  in  weak  wine.  Vinegar, 
thas  obtained,  is  a  very  impure  acetic  acid,  containing  the  saccharine,  ma* 
cilaginous,  glutinous  and  other,  matters  existin|r  in  the  fluid  from  which  it 
crss  prenarcd.  It  is  separated  from  these  impurities  by  distillation.  Distilled 
▼inegar,  formerly  called  aceUnu  add,  is  real  acetic  acid  merely  diluted  with 
water,  and  commonly  containing  a  small  portion  of  empyreumatic  oil, 
formed  during  the  distillation,  and  from  which  it  receivea  a  peculiar  flavour. 
It  may  be  rendered  stronger  by  exposure  to  cold,  when  a  considerable  part 
of  the  water  is  frozen,  while  the  acid  remains  liquid. 

The  acid  now  generally  employed  for  chemical  purposes  is  prepared  by 
the  distillation  of  wood,  and  is  sold  under  the  name  of  pyroHgnecu*  aeii^ 
When  first  made  it  is  very  impure,  and  of  a  dark  colour,  holding  in  solution 
tar  and  volatile  oil.  In  this  state  it  is  mixed  with  chalk,  and  obtained  in  the 
state  of  acetate  of  lime,  which  is  decomposed  by  digestion  with  sulphate 
of  soda:  the  resulting  acct<ite  of  soda  is  then  fused  at  a  high  temperature, 
insufficient  to  decompose  the  salt,  but  sufficient  to  expel  or  char  the  impuri- 
ties. The  acetate  of  soda  is  thus  obtained  pure  and  in  crystals,  and  is  de- 
composed by  sulphuric  acid. 

Concentrated  noetic  acid  is  best  obtained  by  decomposing  the  aoelatas 
either  by  sulphuric  acid,  or  in  some  instances  by  heat.  A  convenient  pro* 
cess  is  to  dintil  acutate  of  potassa  with  half  its  weight  of  concentrated  suL 
phuric  acid,  the  recipient  being  kept  cool  by  the  application  of  ice.  The 
acid  is  at  first  contaminated  with  sulphurous  acid  ;  but  by  mixing  it  with  a 
little  peroxide  of  mang-anese,  and  redistilling,  it  is  rendered  quite  pure.  A 
strong  acid  may  likewise  be  procured  from  acetate  of  oxide  of  copper  by 
the  sole  action  of  heat.  The  acid  when  first  collected  has  a  greenish  tint, 
owing  to  the  presence  of  copper,  from  which  it  is  freed  by  a  second  distilku 
tion.     Pyro4icetic  ether  is  formed  towards  the  dose  of  the  process. 

Strong  acetic  acid  is  exceedingly  pungent,  and  even  raises  a  blister  when 
kept  for  some  time  in  contact  with  the  skin.  It  has  a  very  sour  taste  and  an 
aipreeable  rofreahing  odour.  Its  acidity  ia  well  marked,  as  it  reddens  litmni 
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nper  powerfully,  and  forma  neutral  aaka  with  the  alkaliea.  It  ia  exoeed- 
ingly  volatile,  risingr  rapidly  in  vapour  at  a  moderate  temperature  without 
undergoing  any  change.  lu  vapour  is  inflammable,  and  burns  with  a  white 
light  In  its  most  concentrated  form  it  is  a  de£nite  compound  of  one  equi- 
valent of  water,  and  one  equivalent  of  acid ;  and  in  this  state  it  crystallises 
when  exposed  to  a  low  temperature,  retaihing  Ha  solidity  until  the  thermo- 
meter rises  to  50^  F.  It  is  decomposed  by  being  passed  through  red-hot 
tubes;  but  owing  to  its  volatility,  a  large  quantity  of  it  escapes  decompo- 
■ition. 

The  only  correct  mode  of  estimating  the  strength  of  acetic  acid  is  by  its 
neutralizing  power.  Its  specific  gravity  is  no  criterion,  as  will  appear  from 
the  following  table  (Thomson^s  First  Principles,  vol.  ii.  p.  135),  exhibiting 
the  density  of  acetic  acid  of  different  strengths. 

Acid.  Water.  Sp.  gr.  at  60°  F. 

J  atom  4-  1  atom   .....    1.06296 

1-1-2 1.07060 

1  -H  3 1.07080 

1  -H  4 1.07132 

1^-5 1.06820 

1-4-6 1.06708 

1  -H  7 1.06349 

1  4-8  .  ,  .  .  .    1.05974 

1  -h  9 1.05794 

1  -4-10 1.05439 

The  acetic  is  distinguished  from  all  other  acids  by  its  flavour,  odour,  and  , 
volatility.  Its  salts,  which  are  called  ac€tate»^  are  all  soluble  in  hot  and  most 
of  them  in  cold  water,  are  destroyed  by  a  high  temperature,  and  are  decom- 
posed by  sulphuric  acid.  Tlie  neutral  acetates  of  protoxides  consist  of  5148 
parts  or  one  eq.  of  anhydrous  acetic  acid  and  one  eq.  of  base,  so  that  the  ge- 
neral formula  of  such  salts  is  M-|-C«H«0»,  or  lif-f--^*  A.  being  used  as  the 
symbol  of  one  equivalent  of  acetic  acid,  and  M  of  any  electro-positive  metal. 
Acetate  of  Potaasa, — This  salt  is  made  by  neutralizing  the  carbonate  with 
acetic  acid,  or  by  decomposing  acetate  of  lime  with  sulphate  of  potutoa. 
When  cautiously  evaporated,  it  forms  irregular  crystals,  which  are  obtained 
with  difficulty,  owing  t^the  deliquescent  property  of  the  salt.  According  to 
Dr.  Thomson,  the  crystals  are  composed  of  98.63  parts  or  one  eq.  of  neutral 
acetate  of  potassa,  and  18  or  two  eq.  of  water.  It  is  commonly  prepared  for 
pharmaceutic  purposes  by  evaporating  the  solution  to  dryness,  and  heating 
the  residue  so  as  fo  cause  the  igneous  fusion.  On  cooling  it  becomes  a 
white  crystalline  foliated  mass,  which  is  generally  alkaline. 

This  salt  is  highly  soluble  in  water,  and  requires  twice  its  weight  of  boil^ 
ingalcohol  for  solution. 

Dr.  Thomson  procured  a  binacetate  by  mixing  acetic  acid  and  carbonate 
of  potassa  in  the  proportion  of  two  equivalents  of  the  former  to  one  of  the 
latter.  On  confining  the  solution  along  with  sulphuric  acid  under  the  ex- 
hausted receiver  of  an  air-pump,  the  binacetate  was  deposited  in  large  trans- 
parent flat  plates.  The  crystals  contain  six  equivalents  of  water,  and  deli- 
quesce rapidly  on  exposure  to  the  air. 

Acetate  of  Soda  is  prepared  in  large  quantity  by  manufacturers  of  pyro- 
ligneous  acid  by  neutralizing  the  impure  acid  wiUi  chalk,  and  then  decom- 
posing the  acetate  of  lime  by  sulphate  of  soda.  It  crystallizes  readily  by 
gentle  evaporation,  and  its  crystals,  which  are  not  deliquescent,  are  composed 
of  51.48  parts  or  one  eq.  of  acetic  acid,  31.3  parts  or  one  eq.  of  soda,  and  54 
parts  or  six  equivalents  of  water.  (Berzelius  and  Thomson.)  The  form  of 
Its  crystals  is  very  complicated,  and  derived  from  an  oblique  rhombic  prism. 
(Brooke.)  When  heated  to  550°,  it  is  deprived  of  its  water,  and  undergoes 
the  igneous  fusion  without  parting  with  any  of  its  acid.  At  600^  decompo- 
sition takes  place. 
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Aeetate  of  soda  is  much  employed  ibr  the  prepantion  of  concentnled 
■oetic  acid. 

Aeetate  ef  Ammonia  is  made  b^  neutralizing^  the  carbonate  with  acetic 
acid.  It  crystallizes  with  difficulty  in  consequence  of  being  deliquescent  and 
highly  soluble.  It  has  been  long  used  in  medicine  as  a  febrifuge  under  the 
name  of  spirit  of  Mindererue. 

The  Acetates  of  Baryta^  StronHai  and  lame  are  of  little  importance.  The 
former,  which  is  occasionally  employed  as  a  reagent,  crystallizes  in  irregular 
siz^ided  prisms  terminated  by  dihedral  8ummiU;,the  primary  form  of  which 
is  a  right  rhomboidal  prbm.  The  latter  crystallizes  in  very  slender  acicuJar 
crystals  of  a  silky  lustre,  and  is  chiefly  employed  in  the  preparation  of 
acetate  of  soda. 

Acetate  of  Alumina  is  formed  by  adding  acetate  of  oxide  of  lead  to  sul- 
phate of  alumina,  when  the  sulphate  of  oxide  of  lead  subsides,  and  acetate  of 
alumina  remains  in  solution.  It  is  used  by  dyers  and  calico  printers  as  a 
basis  or  mordant 

Acetates  of  Protoxide  of  Lead, — The  neutral  acetate^  long  known  by  the 
names  of  sugar  of  lead  {saecharum  Satumi)  and  cerussa  acetata^is  made  by 
dissolving  either  the  carbonate  or  litharge  in  distilled  vinegar.  The  solution 
has  a  sweet,  succeeded  by  an  astringent  taste,  does  not  redden  litmus  paper, 
and  depositcs  shining  acicular  crystals  by  evaporation.  When  more  regu- 
larly crystallized,  it  occurs  in  six^ided  prismatic  crystals,  cleaveable  paraiUel 
to  the  lateral  and  terminal  planes  of  a  right  rhombic  prism,  which  may  be 
regarded  as  its  primary  form.  (Mr.  Brooke.)  The  crystals  effloresce  slowly 
by  exposure  to  the  air,  and  require  about  four  times  their  weight  of  water  at 
60°  for  solution.  They  consist  of  51.48  parts  or  one  eq.  of  the  acid,  111.6 
parts  or  one  eq.  of  protoxide  of  lead,  and  27  parts  or  three  equivalents  of 
water. 

This  salt  is  partially  decomposed,  with  formation  of  carbonate  of  oxide  of 
lead,  by  water  which  contains  carbonic  acid,  or  by  exposure  to  the  air ;  but 
a  slight  addition  of  acetic  acid  renders  the  solution  quite  clear.  It  is  much 
used  in  the  arts,  in  medical  and  surgical  practice  as  a  sedative  and  astrin- 
gent, and  in  chemistry  as  a  reagent 

The  subacetate^  commonly  called  extraclum  Satumit  is  prepared  by  boil- 
ing 1  part  of  the  neutral  acetate,  and  2  parts  of  litharge,  deprived  of  carbonic 
acid  by  heat,  with  25  parts  of  water, 

TTiis  salt  is  less  sweet  and  more  soluble  in  water  than  the  neutral  acetate, 
and  has  an  alkaline  reaction.  Thenard  has  obtained  it  by  evaporation  in 
opaque  white  tabular  crystals,  but  it  crystallizes  with  difficulty.  It  is  decom- 
posed by  a  current  of  carbonic  acid,  with  production  of  pure  carbonate  of 
oxide  of  lead ;  and  forms  a  turbid  solution,  owing  to  the  formation  of  the 
carbonate,  when  it  is  mixed  with  water  in  which  carbonic  acid  is  present 
It  consists  of  one  equivalent  of  acid,  and  three  equivalents  of  protoxide  of 
lead,  and  is,  therefore,  a  triacetate.  (Berzelius.) 

A  diacetate  may  be  formed  by  boiling  with  water  a  mixture  of  litharge 
and  acetate  of  oxide  of  lead  in  atomic  proportion.  (Thomson.) 

Acetates  of  Protoxide  of  Copper. — These  salts  have  been  carefully  studied 
by  Berzelius  and  Phillips.  (An.  of  Phil.  N.  S.  i.  ii.  iv.and  viii.)  The  neutral 
aeetate  may  be  formed  either  by  dissolving  protoxide  of  copper  or  common 
▼erdi^is  in  acetic  acid,  or  bv  decomposing  the  sulphate  by  an  equivalent 
quantity  of  acetate  of  oxide  of  lead.  On  evaporation  it  readily  crystallizes  in 
rhombic  oetohedrons  of  a  dark  green  colour,  which  are  soluble  m  20  times 
their  weight  of  cold  water,  in  5  of  boiling  water,  and  in  14  of  boiling  alcohol. 
ThecrysUls  consist  of  39.6  parts  or  one  eq.  of  the  black  oxide,  51.48  parts 
or  1  eq.  of  acetic  acid,  and  9  parts  or  one  equivalent  of  water. 

When  copper  plates  are  covered  with  a  layer  of  the  neutral  acetate,  made 
into  a  thin  paste  with  water,  and  are  then  exposed  for  about  two  months  to 
a  moist  atmosphere,  a  sub-salt  is  generated,  which  appears  in  crystalline 
blue  scales  and  needles  of  a  silky  lustre.  It  is  a  diacetate^  consisting  of  two 
equivalents  of  the  Uack  oxide  and  one  of  acetic  acid,  united  with  six  eqaiya- 
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lentB  of  water.  At  212^  it  loses  part  of  its  water  and  acquires  a  pretty  frreen 
tint  When  freely  mixed  with  water  it  is  converted  into  the  soluble  neutral 
acetate,  and  into  an  insoluble  triacetate.  The  diaoetate  is  the  principal  in- 
gredient of  the  blue-coloured  varieties  of  verdigris. 

The  triaeettUe,  besides  being  formed  by  the  action  of  water  on  the  diace- 
tate,  is  obtained  as  a  light  green  powder  by  digesting  the  hydrated  oxide 
with  the  neutral  acetate.  It  is  also  generated  when  ammonia  is  cautiously 
added  to  a  solution  of  the  neutral  acetate :  in  a  cold  solution  the  precipitate 
is  uncrystalline  and  of  a  green  colour,  which  by  washing  passes  into  blue; 
while  in  a  hot  solution  the  precipitate  is  granular,  and  of  a  dirty  grayish- 
green  tint  By  tJie  continued  action  of  water,  freely  employed,  it  may  be 
resolved  into  oxide  and  neutral  acetate  of  copper.  It  consists  of  three  equiva- 
lents of  oxide,  one  of  acid,  and  one  and  a  half  of  water. 

Another  sub-salt,  composed  of  three  equivalents  of  oxide,  two  of  acid,  and 
six  of  water,  is  generated  by  adding  to  a  strong  boiling  solution  of  the  neu- 
tral acetate,  a  small  quantity  of  ammonia  insufficient  to  produce  a  perma- 
nent precipitate  of  the  triacetate.  The  sub-salt  in  question,  which  is 
sparingly  soluble  in  cold  water,  separates  on  cooling^,  and  should  be  washed 
with  alcohol.  It  is  considered  by  Berzelius  as  the  principal  ingredient  of  the 
green  varieties  of  verdigris. 

The  pigment,  verdigris^  which  is  a  v^/iable  mixture  of  tlie  subacetates,  is 
prepared  in  large  quantity  in  the  south  of  France,  by  covering  copper  with 
the  refuse  of  the  grape  after  the  juice  has  been  extracted  for  «making  wine : 
the  saccharine  matter  contained  in  the  husks  furnishes  acetic  acid  by  fermen- 
tation, and  in  four  or  six  weeks  the  plates  acquire  a  coating  of  the  acetate. 
A  purer  and  better  article  is  prepared  in  this  country  by  covering  copper 
plates  with  cloth  soaked  in  pyroli|rneous  acid. 

Acetate  €f  Oxide  of  Zinc. — ^Thts  salt  may  be  prepared  by  way  of  double 
decomposition  by  mixing  solphate  of  oxide  of  zinc  with  acetate  of  oxide  of 
lead  in  equivalent  proportions.  When  made  in  this  way,  it  is  very  apt  to 
retain  some  sulphate  of  oxide  of  lead  in  solution.  It  is  obtained  pure  by 
vospending  metallic  zinc  in  a  dilute  solution  of  acetate  of  oxido  of  lead, 
'  until  all  the  lead  is  removed,  or  by  dissolving  oxide  of  zinc  in  acetic  acid. 
This  salt  is  frequently  employed  as  an  astringent  collyrinm. 

Acetate  of  Protoxide  ojf  Mercury, — ^The  only  interesting  compound  of 
mercury  and  acetic  acid  is  the  acetate  of  the  protoxide,  which  is  sometimes 
employed  in  the  practice  of  medicine.  It  is  prepared  by  mixing  crystallized 
protonitrate  of  mercury  with  neutral  acetate  of  polassa  in  the  ratio  of  one 
equivalent  of  each.  If  both  salts  are  dissolved  in  a  considerable  quantity  of 
hot  water,  the  solutions  retain  their  transparency  after  being  mixed ;  but  on 
cooling,  tlie  acetate  of  protoxide  of  mercury  is  deposited  in  white  scales  of 
a  silky  lustre.  It  is  easily  decomposed ;  and  it  should  bo  dried  by  a  very 
gentle  heat,  and  washed  with  cold  water  slightly  acidulated  with  acetic 
acid. 

iMCtic  •dcid. 

Lactic  acid,  so  named  from  being  first  noticed  in  soar  milk,  was  disco- 
yered  by  Scheele  in  1780,  has  been  detected  by  Berzelius  in  most  of  the 
animal  fluids,  and  in  the  beet^root  by  Braconnot,  who  termed  it  nanceic 
ticid,  A  suspicion  has  long  existed  of  its  being  acetic  acid,  modified  in  its 
character  by  adhering  organic  matter;  but  the  recent  experiments  of  J.  Gay- 
Lossac  and  Pelouze  haye  finally  removed  all  doubt  about  the  existence  of 
lactic  acid.  (An.  de  Cb.  et  de  Ph.  lii.  410.) 

The  mode  of  preparation,  employed  by  J.  Gay-Lussac  and  Pdouse,  was 
to  expose  a  large  quantity  of  the  ^uiee  of  bset-root  to  a  temperature  of  SO^^ 
for  several  days  in  order  to  estobhsh  a  brisk  fisrmentation,  and  set  it  at  rest 
for  some  weeks  until  the  formentation  has  ceased.  The  liquid  is  then  eva. 
porated  to  the  consistence  of  syrup,  ths  hu^c  acid  taken  up  in  alcohol,  ^ 
which  separates  a  Urge  quantity  or  yeseUble  matter,  and  the  alcoholic  c: 
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tract,  rodiMolvcd  in  water,  ii  neutraltaed  h^  carbonate  of  oxide  of  sine,  by 
which  means  additional  impuritiea  are  precipitated.  The  eoluble  lactate  « 
oxide  of  line  is  otrtaiiied  in  crjstuls  by  evaporation,  is  then  boiled  with  ani- 
mal charcoal  freed  from  phosphate  of  lime,  filtered  while  hot,  and  again 
oyetolliied.  The  salt  is  then  perfectly  white.  The  oxide  of  zinc  ia  thrown 
down  by  pure  baryta,  and  the  lactate  of  baryta  decomposed  by  sQlphoric 
acid.  If  any  portions  of  the  acid  are  not  quite  white,  they  may  be  conrert- 
ed  into  lacUte  of  lime,  purified  by  animal  charcoal,  crystallized,  dissolved 
in  alcohol,  and  lastly  decomposed  b^  oxalic  acid.  A  similar  process  applied 
to  milk  after  long  fermentation  jfitcs  pure  lactic  acid;  and  the  same  acid 
haa  been  extracted  from  rice  and  from  nux  ▼omica. 

When  a  solution  of  lacdc  acid  is  concentrated  in  vacuo  with  sulphuric 
acid,  it  acquires  the  consistence  of  syrup,  has  a  density  of  li215,  is  colour- 
less and  inodorous,  and  has  an  extremely  acid  taste.  It  attracts  moisture 
on  exposure  to  the  air,  diaaolves  in  all  proportions  in  water  and  alcohol,  and 
IS  soluble  though  to  a  -lesti  degree  in  ether.  When  mixed  with  a  strong 
solution  of  acetate  of  potaasa,  acetic  acid  is  disengaged,  and  with  a  strong 
solution  of  the  acetates  of  magnesi*  and  oxide  of  zinc,  the  lactatea  of  those 
bases  subside.     It  yields  no  precipitate  with  baryta,  strontia,  or  lime. 

When  the  syrupy  lactic  acid  is  gradually  heated,' it  becomes  coloured 
and  yields  inflammable  gases,  acetic  acid,  a  white  crystalline  sublimate, 
■nd  a  residue  of  charcoal.  The  sublimed  matter,  freed  from  adhering 
moisture  by  bibulona  paper,  dissolves  freely  in  boiling  alcohol,  and  separates 
on  cooling  in  white  rhomboidal  tables.  These  crystals  fuse  at  225°,  and 
the  liquid  boils  at  472°,  yielding  an  inflammable  irritating  white  vapour, 
which  crystallizes  as  it  condenses :  it  may  be  volatilized  repeatedly  without 
the  least  decomposition.  This  sublimed  acid,  as  stated  at  page  497,  differs 
from  the  liquid  lactic  acid  in  containing  two  eq.  less  of  water ;  and  though 
when  first  put  into  water  the  crystals  dissolve  slowly,  yet  when  once  m 
solution  they  possess  all  the  characters  of  the  liquid  acid. 

Lactic  acid  in  uniting  with  metallic  oxides  carries  into  the  salt  one  eq.  of 
water  or  its  elements,  which  cannot  be  expelled  without  decomposing  the 
■alt  itself.  The  neutral  lactates  of  protoxides  in  their  dryest  state,  and  ex- 
dnsive  of  water  of  crystallization,  conaist  of  one  eq.  of  the  oxide  and  81.73 
ports  or  one  eq.  of  the  acid,  the  general  formula  being  M+C^H'Os  or 
M+L.  None  of  the  lactates  hitherto  examined  are  insoluble  in  water. 
The  lactatjs  of  baryta,  strontia,  potassa,  soda,  ammonia,  alumina,  and  oxide 
of  lead  are  very  soluble,  and  crystallize  with  difficulty.  That  of  oxide  of 
■ilver  is  white  and  crystallizes  in  needles.  The  salt  of  zinc  ia  sparingly 
soluble  in  cold  water,  and  crystallizes  from  its  hot  solution  in  four-sided 
prisms,  which  are  insoluble  in  alcohol,  and  contain  four  eq.  of  water  of 
crystallization.  The  lactate  of  magnesia  also  crystallizes  readily,  and  also 
with  four  eq.  of  water. 

Kinic  •^cid. 

This  acid,  noticed  in  1790  by  Xiofmann,  and  studied  in  1806  by  Via- 
quelin,  exists  in  cinchona  bark  in  combination  with  lime,  qoinia,  and  cin- 
dionio.  On  evaporating  an  infusion  of  bark  to  the  consistence  of  an  ex- 
tract, and  treating  the  residue  with  alcohol,  a  viscid  matter  remains,  con- 
sisting of  kinate  of  lime  and  mucilaginous  matters.  On  dissolving  it  in 
water,  and  allowing  the  concentrated  solution  to  evaporate  spontaneously  in 
a  warm  place,  the  kinale  crystallizes  in  rhombic  prisms  with  dihedral 
gommits,  and  sometimes  in  rhomboidal  plates.  From  a  solution  of  this  salt, 
exactly  decomposed  by  oxalic  acid,  kinic  acid  separates  in  foliated  crystals 
by  evaporation  in  a  warm  atmosphere  (An.  de  Ch.  lix.).  This  acid  and  its 
combinations  have  been  studied  by  Henry  and  Pliason,  Liebig,  and  Baop. 
(An.  de  Ch.  et  de  Ph.  zlL  335,  xlyiL  191,  and  li.  5b').  Baup  recommenda  that 
the  odd  ahonld  be  preparsd  firbm  kinate  of  lime  by  means  of  snlphnrie 
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Kinic  acid  possesses  stronj^  acidity,  dissolves  in  2J|  times  its  weight  of 
water  at  48^,  and  is  alm>  solable  in  alcohol,  but  appears  to  form  an  ethereal 
compound  with  it.  The  crystals  ha^e  a  density  of  1.637,  and  consist  of 
181.8  parts  or  one  eq.  of  the  anhydrous  acid,  and  9  parts  or  one  eq.  of  water. 
When  stronjfly  heated  it  yields  a  volatile  acid  called  pyrokinie  acid. 

Kinic  acid  forms  very 'soluble  compounds  with  the  alkalies,  alkaline 
earths,  and  oxides  of  mercury,  lead,  and  silver.  These  neutral  kinates  are 
■o  oonstituted  that  one  eq.  of  a  protoxide  is  united  with  181.8  parts  or  one 
eq.  of  kinic  acid,  the  general  formula  of  these  salts  being  M-f-C>*HiAOio 
or  M4~K*  '^^^  rhombic  crystals  of  kinafee  of  lime  contain  ten  eq.  of  water. 
Kinaie  of  soda  crystallizes  in  very  fine  six-sided  prisms  with  four  eq.  of 
water;  that  of  strontia  in  efflorescent  prisms  or  tables  with  teneq.  of  water; 
and  that  of  baryta  with  six  eq.  of  water.  Kinate  of  oxide  of  silver  yields 
by  evaporation  a  white  anhydrous  salt  The  oxides  of  copper  and  lead 
form  with  it  neutral  and  sub-salts. 

Malic  Jicid. 

Tliis  acid  is  contained  in  most  of  the  acidulous  fruits,  being  frequently 
•nociated  with  tartaric  and  citric  acids.  Grapes,  cnrrants,  gooseberries, 
and  oranges  contain  iL  Vauquelin  found  it  in  the  tamarind,  mixed  with 
tartaric  and  citric  acids,  and  in  the  house-leek  {temjieroivum  ttetorum)^ 
combined  with  lime.  It  is  contained  in  considerable  quantity  in  apples,  a 
circumstance  to  which  it  owes  its  name.  It  is  almost  the  sole  acidifying 
principle  of  the  berries  of  the  service-tree  (sor6tis  aucuparia)^  in  which  it 
was  detected  by  Mr.  Donovan,  and  described  by  him  under  the  name  of 
•0r6te  acid  in  the  Philosophical  Transactions  for  1815;  but  it  was  after- 
wards identified  with  the  malic  acid  by  Braconnot  and  Houtoa-Labillardidre. 
(An.  de  Ch.  et  do  Ph.  viii.) 

Mi  lie  acid  may  be  formed  by  digesting  sugar  with  three  times  its  weight 
of  nitric  acid ;  but  the  best  mode  of  procuring  it  is  from  the  berries  of  the 
•enrice-tree.  The  juice  of  the  unripe  berries  is  diluted  with  three  or  four 
parts  of  water,  filtered,  and  heated ;  and  while  boiling,  a  solution  of  aoettte 
of  oxide  of  lead  is  added  as  long  as  any  turbidity  appears;  when  the  coloar- 
ing  matter  of  the  berry  is  precipitated,  while  the  malate  of  that  oxide  re- 
mains in  solution.  The  liquid,  while  at  a  boiling  temperature,  is  then  filter- 
ad.  At  first  a  small  quantity  of  dark-coloured  salt  subsides ;  but  on  decant- 
ing the  hot  solotioo  into  another  vessel,  the  malate  of  oxide  of  lead  is  gra- 
dually deposited,  in  cooling,  in  groups  of  brilliant  white  crystals.  The 
malate  is  then  decomposed  by  a  quantity  of  dilute  sulphuric  add,  insuffip 
dent  for  combining  with  all  the  oxide  of  lead;  by  which  means  a  solution 
is  procured  containing  malic  acid  toffether  with  a  little  lead.  The  latter  ia 
aAerwards  precipiuted  by  hydrosulphuric  acid.  The  colouring  matter  ia 
more  easily  separated  if  the  juice  is  allowed  to  ferment  for  a  few  days  be- 
fcre  being  used.  Another  process  haa  been  minutely  described  by  Liobif, 
in  order  to  ensure  the  absence  of  citric  and  tartaric  acids  with  which  it  la 
■ometimes  associated.  (An.  de  Ch.  et  de  Ph.  lu.  434.) 

Malic  acid  possessen  strong  acidity,  and  a  pleasant  flavour  when  diluted. 
It  crystalliaes  with  difficulty,  attracts  moiiiture  from  the  air,  and  is  ^wj  so- 
lable in  water  and  alcohol  Its  aqueous  solution  is  decomposed  by  keeping, 
and  it  is  converted  into  the  oxalic  by  digestion  in  strong  nitric  acid.  lIcatM 
in  close  vessels  it  yields  a  volatile  acid  caHed  pyrcmMiCt  the  properties  of 
which  are  not  yet  known.  From  the  late  analysis  of  Liebig  it  seems  that 
malic  and  citric  acids  are  isomeric 

Most  of  the  salts  of  malic  acid  are  more  or  less  soluble  in  water.  The 
malates  of  soda  and  potassa  are  deliquescent.  The  bimalate  of  ammonia 
crystallizes  very  readily.  The  most  insoluble  of  the  malates  are  those  of  ba- 
ryta,  lime,  and  the  oxides  of  lead  and  silver ;  but  these,  excepting  the  firrt, 
■re  fireely  solable  in  boiling  water.    These  salts  are  composed  of  ona  eq.  of 
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bate  and  58.48  parti  or  one  cq.  of  acid,  the  general  formula  being  M4- 
C«HtO«,  or  M^M.  Pnro  malate  of  oiide  of  lead  cryatalliies  in  ooc^iif 
from  its  hot  eolation  in  small  brilliant  scales  of  extreme  whiteness.  The  siT 
ver  salt  also  crjstalliies  from  its  aolution  in  boiling  water ;  but  the  liquid 
darkens  from  the  reduction  of  oxide  of  silver. 

Citric  ^cid. 

This  acid  is  contained  in  many  of  the  acidulous  fi-uits,  but  exists  in  large 
quantitj  in  the  juice  of  the  lime  and  lemon,  from  which  it  is  procored  bj  a 
process  very  similar  to  that  described  for  preparing  tartaric  acid.  To  any 
quantity  of  lime  or  lemon  juice,  finely  powdered  chalk  is  added  as  long  as 
effervescence  ensues;  and  the  insoluble  citrate  of  lime,  after  being  weU 
washed  with  water,  is  decomposed  by  digestion  in  dilute  sulphuric  acid. 
The  insoluble  sulphate  of  lime  is  separated  by  a  filter,  and  the  citric  acid 
obtained  in  crystals  by  evaporation.  They  are  rendered  quite  pure  by  being 
dissolved  in  water  and  rccrystallized.  The  proportions  required  in  this  pro- 
cess are  86.98  parts  or  one  eq.  of  dry  citrate  of  lime,  and  49.1  parts  or  one 
cq.  of  strong  sulphuric  acid,  which  should  be  diluted  with  about  10  parts  of 
water. 

Citric  acid  crystallises  in  cooling  from  a  hot  saturated  solotion  in  crystals 
which  consists  of  58.48  parts  or  one  eq.  of  the  anhydrous  acid,  and  9  parte 
or  one  eq.  of  water,  their  formula  being  H-|-C.  These  crystals  fuse  in  their 
water  at  a  heat  a  little  higher  than  212<>,  but  without  loss  of  weight  By 
spontaneous  evaporation  it  crystallizes  in  large  transparent  rhomboidal 
prisms,  which  differ  from  the  former  in  composition,  their  formula  being 
4H  4-dC :  they  undergo  no  change  in  the  air  at  common  temperatures ;  but 
at  62c>  tliey  effloresce  and  part  witli  exactly  half  their  water,  retaining  tho 
remainder  until  the  heat  is  so  high  that  the  acid  itself  is  destroyed. 

Citric  acid  has  a  strong  sour  taste,  with  an  agreeable  flavour  when  di- 
lated, reddens  litmus  paper,  and  neutralizes  alkalies.  In  a  dry  state  it  may 
be  preserved  for  any  length  of  time,  but  the  aqueous  solution  is  gradually 
decomposed  bv  keeping.  The  crystals  are  soluble  in  an  equal  weight  oif 
cold  and  in  half  their  weight  of  boiling  water,  and  are  also  dissolved  by  alco- 
hol. It  is  converted  into  the  oxalic  by  digestion  in  nitric  acid. 

Citric  acid  is  characterized  by  its  flavour,  by  the  form  of  its  crystals,  and 
by  forming  an  insoluble  salt  with  lime,  and  a  deliquescent  soluble  one  with 
potassa.  It  does  not  render  lime-water  turbid  unless  the  latter  is  in  excess, 
and  fully  saturated  with  lime  in  the  cold. 

Citric  acid  is  employed  in  calico-printing,  and  in  medicinal  and  domestic 
purposes  instead  of  lemon  juice.  Tartaric  acid  is  oflen  substituted  for  it,  as 
being  similar  in  flavour,  and  less  expensive. 

Of  the  citrates,  those  of  potassa,  soda,  ammonia,  magnesia,  and  oxides  of 
iron  are  soluble  in  water ;  while  those  of  lime,  baryta,  strontia,  and  the 
oxides  of  lead,  mercury,  and  silver  are  very  sparingly  soluble  in  hot  water, 
though  dissolved  by  excess  of  their  own  acid.  They  are  decomposed  by  suL 
phuric  acid.  No  general  rule  can  be  stated  in  respect  of  their  constitution, 
since,  from  late  olnervations  of  Benelius  (An  de  Ch.  et  de  Ph.  liii.  424),  it 
appears  that  citric  acid  exhibits  very  unusual  modes  of  combination,  and  is 
prone  to  form  sub-salts  of  a  complex  composition.  l*hus,  on  mixing  neutral 
citrate  of  potassa  with  acetate  or  nitrate  of  oxide  of  lead,  it  is  impracticable 
to  procure  the  neutral  citrate,  ^b+CJ  because  it  falls  in  mixture  witli  an- 
other  salt,  the  formula  of  which  Is  Pb>?'-|-2if,  and  which,  digested  with 
very  dilute  ammonia,  abandoned  its  water  and  half  of  its  acid  forming  the 
salt  4t^b-M('^  He  obtained  the  neutral  citrate  in  the  purest  state  by  addinr 
an  alcoholic  solution  of  citric  acid  to  a  solution  of  acetate  of  oxide  of  lead, 
and  washing  the  precipitate  with  alcohol ;  for  water  deprives  it  of  acid,  and 
converts  it  into  a  suUsalt    On  digesting  the  neutral  citrate  with  acetate  of 
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oxide  of  lead,  he  o1>UiDed  a  dicitrate,  of  which  the  fbnnnla  is  9l*b-|-G!  He 
found  it  very  difficult  to  obtain  neutral  citrates  of  lime  or  barvta,  as  thev 
both  resolve  themsielYes  readily  into  acid  and  sub-salts  of  complex  composi. 
tion.  The  most  uniform  of  the  citrates  is  that  of  oxide  of  silver,  the  neutral 
citrate,  Ag-^^  being  readily  obtained  by  double  decomposition. 

Pifroeiirie  Acid. — When  the  crystals  of  citric  acid  are  subjected  to  de- 
atmctive  distillation,  three  volatile  products  are  obtained,  namely,  a  peculiar 
acid  called  pyrocitric,  water,  and  a  spirituous  matter  which  has  not  been  ex- 
amined. Pyrocitric  acid  forms  a  sparingly  soluble  salt  with  oxide  of  lead ; 
bnt  the  pyrocitratcs  generally  have  not  yet  been  studied.  It  appears  to  form 
a  hydrate  with  one  equivalent  of  water. 

Tartaric  •Scid. 

This  acid  exists  in  the  juice  of  several  acidulous  fruits,  but  it  is  almost 
always  in  combination  with  lime  or  potassa.  It  is  prepared  by  mixing 
cream  of  tartar  and  chalk  in  the  ratio  of  their  equivalents,  189.11  to  50.6^ 
and  boiling  them  in  10  times  their  weight  of  water  for  about  half  an  hour. 
The  carbonic  acid  of  the  chalk  is  displaced  with  effervescence,  one  eq.  of  in- 
^uble  tartrate  of  lime  subsides,  and  one  eq.  of  neutral  tartrste  of  potassa  re- 
mains in  solution.  On  washing  the  former,  and  then  digesting  it,  diffused 
through  a  moderats  portion  of  water,  with  one  equivalent  of  sulphuric  acid, 
the  tartaric  acid  is  set  free ;  and  afler  being  separated  from  the  sulphate  of 
lime  by  a  filter,  it  may  be  procured  by  evaporation  in  prismatic  crystals,  the 
primary  form  of  which  is  a  right  rhombic  prism. 

Tartaric  acid  has  a  sour  taste,  which  is  wry  agreeable  when  diluted  with 
water.  It  reddens  litmus  paper  strongly,  and  forms  with  alkalies  neutral 
■alts,  to  which  the  name  of  tartrates  is  applied.  It  requires  five  or  six  times 
its  weight  of  water  at  60°  for  solution,  and  is  much  more  soluble  in  boiling 
water.  It  is  dissolved  likewise,  though  less  freely,  in  alcohol  The  aqueous 
solution  is  gradually  decomposed  by  keeping,  and  a  similar  change  is  expe> 
rienced,  under  the  same  circumstances,  by  most  of  the  tartrates.  The  crys- 
tals may  be  exposed  to  tlic  air  without  change.  They  are  converted  into 
the  oxalic  by  digestion  in  nitric  acid. 

Tartaric  acid  cannot  be  deprived  of  its  water  of  crystallization,  except  by 
uniting  with  an  alkaline  base :  on  attempting  to  expel  it  by  heat  the  acid 
fuses,  and  is  decomposed,  yielding,  if  air  is  excluded,  the  usual  products  of 
destructive  distillation,  together  with  a  distinct  acid,  to  which  the  term  pyro- 
tartaric  acid  is  applied.  A  large  residue  of  charcoal  is  obtained. 

Tartaric  acid  is  distinguished  from  other  acids  by  forming  a  white  pre- 
cipitate, bitartrate  of  potassa,  when  mixed  with  any  of  the  salts  of  thst  dt- 
kalL  This  acid,  therefore,  separates  potassa  from  other  acids.  It  occasions 
with  lime-water  a  white  precipitate,  which  is  very  soluble  in  an  excess  of 
the  acid. 

Tartaric  acid  is  remarkable  for  its  tendency  to  form  double  salts,  the  pro- 
perties of  which  are  oflen  more  interesting  than  the  simple  salts.  The  most  im- 
portant of  these  double  salts,  and  the  only  ones  which  have  been  much  studied, 
are  those  of  potassa  and  soda,  and  of  oxide  of  antimony  and  potassa.  The 
neutral  tartrates  of  the  alkalies,  of  magncsin,  and  protoxide  of  copper,  are 
soluble  in  water;  but  most  of  the  tartrates  of  the  other  bases,  and  especially 
those  of  lime,  baryta,  strontia,  and  oxide  of  lead,  are  insoluble.  All  these 
neutral  tartrates,  however,  which  are  insoluble  in  pure  water,  are  soluble  in 
an  excess  of  their  acid.  They  are  decomposed  by  digestion  in  carbonate  of 
potassa ;  and  when  an  acid  is  added  in  excess,  the  bitartrate  of  potassa  is  pre- 
cipitated, All  the  insoluble  tartrates  are  easily  procured  from  neutral  tar- 
trate of  potassa  by  way  of  double  decomposition.  The  neutrU  tartrates  of 
protoxides  consist  of  6^.48  parts  or  one  eq.  of  the  arid,  and  one  eq.  of  base, 
fo  tliat  the  general  formuU  is  M4-C«H  0%  or  M+tI 

Thrtralet  of  PotatMa, — ^The  neutral  tartrate^  frequently  called  toI«6^  tor- 
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tar,  is  fbrined  b^  neotnliting  ft  ■oIuUmi  of  the  bitartrate  with  carbonate  of 
poUm  :  and  it  u  a  product  of  the  operation  above  described  for  making  Ur- 
taric  acid.  Its  primary  form  is  a  rigrht  rhomboidal  prism ;  bat  it  often  oocors 
in  irregular  siz^ided  prbms  wilh  dihMrai  summits.  Its  crystals  are  very 
soluble  in  water,  and  attract  moisture  when  exposed  to  the  air.  They  con- 
sist of  113.63  parts  or  one  eq.  of  the  neutral  tartrate,  and  18  or  two  eq.  of 
water.  They  are  rendered  quite  anhydrous  by  a  temperature  not  exceeding 
248^  F. 

Of  the  bitarlrate  an  impure  form,  commonly  known  by  the  name  of  tartar^ 
is  found  encrusted  on  the  sides  and  bottom  of  wine  casks,  a  source  from 
which  all  the  tartar  of  commerce  is  derived.  This  salt  exists  in  the  juice  of 
the  grape,  and,  owing  to  its  insolubility  in  alcohol,  is  gradually  deposited 
during  the  vinous  fermentation.  In  its  crude  state  it  is  coloured  by  the  wine 
from  which  it  was  procured ;  but  when  purified,  it  is  quite  white,  and  in 
this  state  constitutes  the  cream  of  tartar  of  the  shops. 

Bitartrate  of  potassa  is  very  sparingly  soluble  in  water,  requiring  60 
parts  of  cold  and  14  of  boiling  water  for  solution,  and  is  deposited  from  the 
latter  on  cooling  in  small  crystalline  grains.  Its  crystals  are  commonly 
irregular  six-sided  prisms,  terminated  at  each  extremity  by  six  surfaces; 
and  its  primary  form  is  either  a  right  rectangular,  or  a  right  rhombic  prism. 
It  has  a  sour  taste,  and  distinct  acid  reaction.  It  consists  of  47.15  parts  or 
one  eq.  of  potassa,^  132.96  or  two  cq.  of  acid,  and  9  parts  or  one  equivalent 
of  water.  Ite  water  of  crystallization  cannot  be  expelled  without  decom- 
posing the  salt  itself. 

Bitartrate  of  potassa  is  employed  in  the  formation  of  tartaric  acid  and  all 
the  tartrates.  It  is  likewise  used  in  preparing  pore  carbonate  of  potassa. 
When  exposed  to  a  strong  heat,  it  yields  an  acrid  empyreomatic  oil,  some 
pyrotartaric  acid,  together  with  water,  carburetted  hydrogen,  carbonic 
oxide,  and  carbonic  acid,  the  last  of  which  combines  with  the  potassa.  The 
fixed  products  are  carbonate  of  potassa  and  charcoal,  which  may  be  sepa- 
rated f^om  each  other  by  solutirtn  and  filtration.  When  deflagrated  with 
half  its  weight  of  nitre,  by  which  part  of  the  charcoal  is  consumed,  it 
forms  black  flux;  and  when  an  equal  weight  of  nitre  is  used,  so  as  tooxidiie 
all  the  carbon  of  the  tartaric  acid,  a  pure  carbonate  of  potassa,  called  lofttfs 
flux,  is  procured. 

Tartrate  of  Potana  and  Soda. — ^Tliis  double  salt/  which  has  been  long 
employed  in  medicine  under  the  name  of  Siegnette  or  Rochelle  oalt,  is  pre- 
pared  by  neutralizing  bitartrate  of  potassa  with  carbonate  of  soda.  By 
evaporation  it  yields  prismatic  crystals,  the  sides  of  which  often  amount  to 
ten  or  twelve  in  number;  but  the  primary  form,  as  obtained  by  cleavage,  b 
a  right  rhombic  prism.  (Brooke.)  71ie  crystals  are  soluble  in  five  parts  of 
cold  and  in  a  smaller  quantity  of  boiling  water,  and  are  composed  of  113.63 
parts  or  one  eq.  of  tartrate  of  potassa,  97.78  parts  or  one  cq.  of  tartrate  of 
soda,  and  73  or  eight  equivalents  of  water. 

Tartrate  of  Soda  is  frequently  used  as  an  efiervescing  draught,  by  dis- 
solving  equal  weights  of  tartaric  acid  and  bicarbonate  of  soda  in  seporate 
portions  of  water,  and  then  mixing  the  solutions.  Sods  is  better  adapted 
for  this  purpose  than  potassa,  because  the  former  has  little  or  no  tendency 
to  form  an  insoluble  bitartrate 

Tartrate  of  Oxide  of  Antimony  and  Potaasa, — ^This  compound,  long  cele- 
brated as  a  medicinal  preparation  under  the  name  of  tartar  emetic,  is  made 
by  boiling  scsquioxlde  of  ontimony  with  a  solution  of  bitartrate  of  potassa. 
The  oxide  of  antimony  is  furnished  for  this  purpose  in  various  ways.  Some- 
times the  gla$§  or  crocus  of  that  metal  is  employed.  The  Edinburgh  col- 
lege prepare  an  oxide  by  deflsgratlng  sulphuret  of  antimony  with  an  eqnal 
weight  of  nitre;  and  the  college  of  Dublin  employ  the  oxy-chloride.  Mr. 
Phillips  recommends  that  100  parts  of  metallic  antimony  in  fine  powder 
should  be  boiled  to  dryness  in  an  iron  vessel  with  200  of  sulphuric  acid, 
and  that  the  residual  sobsnlphate,  afler  washing  with  water,  .be  boiled  with 
n  equal  weight  oF  cream  of  tartar.    The  solution  of  the  doable  salt,  how- 
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over  made,  should  be  concentrated  by  evaporation,  and  allowed  to  cool  m 
order  that  cryiUls  may  form. 

Tartar  emetic  yields  crystals,  which  are  transparent  when  first  formed, 
but  become  white  and  opaque  by  exposure  to  the  air.  Its  primary  form  haa 
been  correctly  described  by  Mr.  Brooke  as  an  octohedron  with  a  rhombic 
base  (An.  of  Phil.  N.  8.  vi.  40.);  but  the  edges  of  the  base  are  frequently 
replaced  by  planes  which  communicate  a  prismatic  form,  and  its  summits 
are  generally  formed  with  an  edge  instead  of  a  solid  angle,  which  edge  is 
frequently  truncated,  presenting  a  narrow  rectangular  surface.  It  frequent- 
ly occurs  in  segments,  having  the  outline  of  a  triangular  prism,  a  (brm 
which  has  deceived  many  into  the  belief,  that  the  tetrahedron  or  regulu 
octohedron  is  the  primary  form  of  tartar  emetic.  It  has  a  styptic  metallic 
taste,  reddens  litmus  paper  slightly,  and  is  soluble  in  15  parts  of  water  at 
60^,  and  in  3  of  boiling  water  Its  aqueous  solution,  like  that  of  all  the 
tartrates,  undergoes  spontaneous  decomposition  by  keeping;  and  therefore, 
if  kept  in  the  liquid  form,  alcohol  should  be  added  in  order  to  preserve  it 
From  the  analysu  of  Thomson,  Phillips,  and  Wallquist,  it  may  be  consider- 
ed a  compound  of 

1  eq.      1  eq. 

Base.     Acid.      Equiv.     FormulsB. 

Tartrate  of  sesquioxide  of  antimony  1535  +66.485=219.68       Sb+T. 

Tartrate  of  potassa                              47.15+66.48=113.63       K+T. 
Water  of  crystallization,  2  eq,         ,        ,        ,        =sl8        


351jJ(kT+a,T) 

Tartar  emetic  is  decomposed  by  many  reagents.  Thus  alkaline  sob- 
stances,  from  their  superior  attraction  for  tartaric  acid,  separate  the  oxide  of 
antimony.  The  pure  alkalies,  indeed,  and  especially  potassa  and  soda,  pre- 
cipitate It  imperfectly,  owing  to  their  tendency  to  unite  with  and  dissolve 
the  oxide ;  but  the  alkaline  carbonates  throw  down  the  oxide  much  more 
completely.  Lime-water  occasions  a  white  precipitate,  which  is  a  mixture 
of  oxide,  or  tartrate  of  the  oxide,  and  tartrate  of  lime.  The  stronger  acids, 
such  as  the  sulphuric,  nitric,  and  hydrochloric,  cause  a  white  precipitate, 
consisting  of  bitartrate  of  potassa  and  a  subsalt  of  the  oxide  of  antimony. 
Decomposition  is  likewise  efiecied  by  several  metallic  salts^  the  bases  of 
which  yield  insoluble  compounds  with  tartaric  acid.  Hydrosulphuric  acid 
throws  down  the  orange  sesqoisulphuret  of  antimony.  It  is  precipitated  by 
manv  vegetable  substances,  especially  by  an  infusion  of  gall-nuts,  and  other 
similar  astringent  solutions,  with  which  it  forms  a  dirty  white  precipitate, 
which  is  a  tannate  of  sesquioxide  of  antimony.  This  combination  is  inert, 
and,  therefore,  a  decoction  of  cinchona  bark  is  recommended  as  an  antidote 
to  tartar  emetic.  Heated  before  the  blowpipe,  metallic  antimony  is  readily 
brought  into  view ;  and  if  decomposed  by  beat  in  close  vessels,  a  very  in- 
flammable pyrophorus  is  formed. 

Racemic  Acid, 

(TVauAefisaurv,  qt  Acid  of  Grapf$  of  the  Oerman$.) 

This  ocid  was  fimt  noticed  by  Mr.  Kestner,  chemical  manufacturer  at 
Thann  in  (he  Upper  Rhine,  who  met  with  it  in  the  preparation  of  tartaric 
acid,  with  which  it  is  associated  in  the  juice  of  the  grape.  Kestner,  per- 
ceiving it  to  bo  different  from  tartaric  acid,  considered  it  to  be  the  oxalic: 
John  in  1819  declared  it  to  be  distinct  from  both  of  tliose  acids,  and  termed 
it  acid  of  the  Voegee;  and  in  1326  Gay.Lussac  and  Walchncr,  receiving  a 
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mpjfiy  from  Kestner,  made  a  careful  ezaminatioD  of  its  prineipal  characten. 
(Jour,  de  Cb.  Med.  ii.  335,  and  GmelinV  Handbudi,  ii.  53.)  An  account  of 
its  properties  has  since  been  given  by  Berzclius,  who  has  suggested  for  it 
the  name  of  paratariarie  acid,    (An.  de  Ch.  ct  de  Ph.  zlvi.  128.) 

Racemic  acid  is  associated  with  tartaric  acid,  apparently  as  a  biracemale 
of  potassa,  io  the  grape  of  the  Upper  Rhine,  and  subsides  during  the  fer- 
mentation of  the  juice  along  with  cream  of  tartar:  it  is  probably  contained 
in  the  juice  of  all  grapes.  It  is  readily  obtained  by  neutralizing  the  cream 
of  tartar  of  that  district  with  carbonate  uf  soda,  leparating  the  double  tar- 
trate of  potassa  and  soda  by  crystallization,  throwing  down  the  racemic 
acid  by  a  salt  of  lime  or  ozide  of  lead,  and  decomposing  the  precipitate  by 
dilute  sulphuric  acid.  On  concentrating  the  solution,  the  racemic  acid 
crystallizes,  and  is  thus  completely  separable  from  any  remaining  tartaric 
acid,  the  latter  being  much  more  soluble  in  water  than  the  former. 

The  racemic  and  tartaric  acids,  besides  being  associated  in  nature,  afford 
a  most  interesting  instance  of  isomerism.  (xay-Lussac  showed  that  the 
equivalents  of  these  acids  are  represented  by  the  same  number;  and  Berze- 
lius  has  not  only  confirmed  this  fact,  but  proved  that  their  composition  ia 
likewise  identical.  There  is  also  a  close  analogy  in  their  chemical  rela- 
tions:— each  forma  insoluble  salts  with  the  same  bases,  as  with  lime,  baryta, 
and  oxide  of  lead;  biracemate  of  potassa  is  a  sparingly  soluble  salt  analo- 
gous to  cream  of  tartar ;  and  with  sesquioxide  of  antimony  the  biraceroaia 
of  potassa  yields  a  double  salt,  similar  in  many  respects  to  tartar  emetic, 
though  different  in  the  form  of  its  crystals.  Nevertheless,  the  two  acids  are 
essentially  distinct  The  racemic  is  much  less  soluble  Uian  tartaric  acid; 
the  form  of  its  crystals  is  different,  being  an  oblique  rhombic  prism ;  it  con- 
tains two  equivalents  of  water  of  crystallization,  one  of  which  is  given  out 
at  212°,  and  the  other  when  it  unites  with  alkdlies;  and  it  does  not  yield  a 
dooUe  salt  with  potassa  and  soda.  The  racemate  of  lime,  too,  is  less  solu- 
ble than  the  tartrate,  and  is  but  sparingly  dissolved  by  excess  of  its  acid :  a 
aolntion  of  gypsum  is  not  affected  by  tartaric  acid,  whereas  a  little  racemic 
acid  after  an  interval  of  about  an  hour  causes  turbidity :  racemate  of  lime 
dissolved  in  dilute  hydrochloric  acid  is  almost  immediately  thrown  down  by 
the  addition  of  ammonia;  while  tartrate  of  lime  under  the  same  treatment 
does  not  subside  so  as  to  cause  turbidity,  but  afler  a  time  slowly  separates 
in  octohcdral  crystals  with  a  square  base,  which  are  found  adhering  to  the 
aides  of  the  glass.  It  thus  appears  that  racemic  and  tartaric  acids  have  the 
same  atomic  weight,  the  same  composition,  and  in  several  respects  the 
same  chemical  properties;  and  yet  on  closely  investigating  all  their  charac- 
ters, they  are  found  to  be  essentially  distinct  Moreover,  the  different  ar- 
rangement  of  tlie  atoms  in  these  two  acids  is  indicated  by  the  difierent 
form  of  similar  combinations. 

Benzoic  jScid. 

'  Benzoic  acid  exists  in  gum  benzoin,  in  storax,  in  the  balsams  of  Peru  and 
Tohi,  and  in  several  other  vegetable  suh5ttances.  M.  Vogel  has  detected  it  in 
the  flowers  of  the  trifolium  tnelilotu§  officinalit.  It  is  found  in  considerable 
quantity  in  the  urine  of  the  cow  and  other  herbivorous  animals,  and  is  per- 
haps  derived  from  the  grasses  on  which  they  feed.  It  has  also  been  detected 
in  the  urine  of  children. 

This  acid  is  commonly  extracted  from  gum  benroin.  One  method  con- 
sists in  heating  the  benzoin  in  an  earthen  pot,  over  which  is  placed  a  cone 
of  paper  to  receive  the  acid  as  it  sublimes ;  but  since  the  product  is  always 
impure,  owing  to  the  presence  of  empyreumatic  oil,  it  is  better  to  extract 
the  acid  by  means  of  an  alkali.  The  usual  process  consists  in  boiling  finely 
powdered  gum  benzoin  in  a  large  quantity  of  water  along  with  lime  or  car- 
bonate of  potassa,  by  which  means  a  henzoate  is  formed.  To  the  solution, 
after  being  filtered  and  concentrated  by  evaporation,  hydrochloric  acid  is 
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added,  which  unites  with  th«  hase,  and  throws  down  the  henioic  acid.  It  is 
then  dried  by  a  rentle  heat,  and  purified  bjr  sublimation. 

Benzoic  acid  has  a  sweet  and  aromatic  rather  than  a  sour  taste ;  bat  it 
reddens  litmus  paper,  and  neutralizes  alkalies.  It  fuses  readily  by  heat,  and 
at  a  temperature  a  little  above  iU  point  of  fusion,  it  is  converted  into  vapour, 
emitting  a  peculiar,  iVagrant,  and  highly  characterintic  odour,  and  condens- 
ing on  cool  sorfiioes  without  chan^.  When  strongly  heated  it  tekes  fire, 
and  burns  with  a  clear  yellow  flame.  It  undergoes  no  change  by  eiposure 
to  the  air,  and  is  not  decomposed  by  the  action  even  of  nitric  acid.  It  re- 
quires about  34  parte  of  boiling  water  for  solution,  and  nearly  the  whole  of 
it  is  deposited  on  coolinff  in  the  form  of  minute  acicular  crystals  of  a  silky 
lustre.    It  is  very  soluble  in  alcohol,  especially  by  the  aid  of  heat 

Agreeably  to  Uie  late  admirable  researches  of  Liebig  and  Wohlei;  on  the 
oil  of  bitter  almonds,  benzoic  acid  must  be  regarded  as  the  oxide  of  a  com* 
pound  inflammable  body  which  will  be  treated  of  in  the  third  aection, 
and  to  which  they  have  applied  the  name  of  benzule^  composed  ofhenx,  and 
vx«  matter  or  primtipU,  Benzole  is  composed  of  85.68  parte  or  fourteen  eq. 
of  carbon,  5  parte  or  five  eq.  of  hydrogen,  and  16  parte  or  two  eq.  of  oxygen, 
ite  equivalent  being  106.68.  The  composition  of  benzoic  acid  may  be  thus 
steted,  an  equivalent  being  represented  by  Bz : — (An.  de  Ch.  et  de  Ph.  li 

Anhydrous  benzoic  acid.  Benzule  106.68-|-Oxygen  8»  114.68  Bz-|-Oorfii. 

The  crystallized  acid  contains  ono  eq.  of  water,  ito  formula  being  bz-f-tiT, 
and  it  cannot  be  deprived  of  ite  water  6y  heat.  Ite  water  of  crystallization 
is  also  contained  in  benzoate  of  oxide  of  lead,  t^bBz+A,  and  is  not  expelled 
by  heat  until  the  aalt  itself  is  decomposed.  Benzoate  of  oxide  of  silver  is  an^ 
hydrous,  ite  formula  being  Ag-|-6z :  it  falls  aa  a  white  powder  when  nitrate 
of  oxide  of  silver  is  mixed  in  solution  with  benzoate  of  ammonia,  is  com- 
pletely dtisolved  b^  boilin|r  water,  and  4«  deposited  PO  Pooling  in  brilliant 
foliated  crystala. 

The  composition  of  neutral  bensoates  of  protoxides  is  represented  by  the 
general  formula  Af-f-6z.  Moat  of  these  are  soluble  in  water;  the  most  in- 
soluble  are  the  benioates  of  the  oxides  of  lead,  mercury,  apd  silTer,  and  per- 
oxide of  iron, 

Meconic  Jicid. 

This  acid,  which  derives  ite  name  from  M«««?,  jwray,  has  hitherto  been 
firand  only  in  opium,  where  it  exists  in  eombination  with  morphia ;  and  it  is 
best  prepared  firom  the  mixed  sulphate  and  meconate  of  lime  obtained  in 
Gregory's  process  for  hydrochlorate  of  morphia.  The  impure  meconate  of 
lime  is  pot  into  ten  times  ite  weight  of  water  at  300^,  and  hydrochloric  add 
is  added  until  the  meconate  is  dissolved :  the  solution  is  then  filtered,  and 
on  cooling  depositee  bimcoonate  of  lime  in  the  form  of  light  white  scaly  or 
acicular  crystals.  These  are  again  dissolved  by  hot  dilute  hydrochloric  acid 
as  before,  in  order  to  separate  the  remainder  of  the  lime ;  and  on  cooling 
crystals  of  meconic  acid  subside.  If  they  leave  a  residue  after  calcinatioo, 
they  ahoold  be  again  dii«olvcd  in  acid  and  re-crystallized.  To  procure  the 
acid  quite  white,  it  is  saturated  with  potassa  diluted  with  the  amallest  quan- 
titT  of  water  required  by  the  aid  of  heat  to  dissolve  the  meconate,  and  when 
cold  the  fluid  part,  which  retains  the  colouring  matter,  is  separated  from  the 
crystals  by  filtration  and  pressure  in  duth  or  bibulous  paper,  The  meconate 
of  potassa  is  then  decomposed  in  the  same  way  as  the  meconate  of  lime, 
when  meoonio  acid  is  obtained  perfectly  white  and  in  transparent  mioaceoqa 
scales. 

Meconic  acid  has  an  acid  taste  and  reaction,  and  is  soluble  both  in  aloo. 
bol  and  water,  requiring  only  four  times  ito  weight  of  boiling  water  for  so- 
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lotion.  Tiie  cryitalt  are  nnchanj^ed  in  the  air,  bat  wben  heated  to  212^ 
they  become  quite  opaqae  and  low  21^  per  cent  of  water  of  cryslallization, 
heingf  27  parts  or  three  eq.  lo  100.84  parts  or  one  eq.  of  the  anhydrous  acid. 
They  still  continue  meconic  acid  even  when  heated  to  248^;  but  if  boiled  in 
water  carbonic  acid  g'as  is  disengaged,  the  liquid  becomes  brown,  meconic 
acid  disappears,  and  metameconic  acid  is  generated. 

Meconic  acid  is  remarkable  for  ffirniing  with  persalts  of  iron  a  purple- 
red  colour,  which  affords  a  good  test  (or  the  acid  whether  free  or  combined, 
and  detects  meconic  acid  in  solutions  of  opium,  when  the  morphia  combined 
with  it  could  not  be  discovered ;  the  colour  is  very  like  that  produced  by  hy- 
drosulphocyanic  acid.  Meconic  acid  forms  insoluble  white  salts  with  lime, 
baryta,  and  the  oxides  of  lead  and  silver,  which  are  soluble  in  nitric  acid.  It 
is  very  prone  to  form  biAalts,  as  the  bimeconate  of  ptitassa  and  lime,  which  are 
of  sparing  solubility.  T^c  meconaleof  oxide  of  silver  consists  of  116  parts  or 
one  eq.  of  thiit  base  and  100.84  parts  or  one  eq.  of  meconic  acid,  its  formula 
being  kg-^-C  H  07.  The  neutral  mcconates  of  protoxides  are  analogous  in 
composition. 

Metameconic  •Sdd. 

Robiquet,  who  has  described  the  preparation  and  properties  of  meoonie 
add,  also  observed  its  conversion  into  metameconic  acid  by  boiling  its 
aqaeoas  solution ;  and  Liebig,  by  his  skilful  analysis  of  both  acids,  has  proved 
(An.  de  Ch.  et  de  Ph.  li.  341  and  liv.  26)  that 

8  eq.  of  meconic  acid    (  ,.  ,  i  S    ^  ^-  of  metameconic  acid  120+4^+100 
2(7C+2H+.70)        jy*«»*")    and  2  eq.  carbonic  acid         2(C-h20). 

The  brown  matter  formed  when  a  solution  of  meconic  acid  is  boiled,  and 
which  adheres  to  the  acid,  does  not  seem  essential  to  the  change,  since  it 
takes  place  in  a  very  slight  degree  when  a  meoonate  is  boiled  with  hydra- 
ehloric  acid,  the  resulting  metameconic  acid  being  then  nearly  colourless. 

Metameconic  acid  is  soluble  in  16  times  its  weight  of  boiling  water,  and 
•eparates  on  cooling  in  anhydrous  hard  crystalline  grains,  wholly  different 
from  meconic  acid.  It  reddens  persalts  of  iron,  but  its  other  propertias  hava 
not  yet  been  studied. 

When  anhydrous  meconic  acid  is  distilled,  it  yields  among  other  products 
a  crystalline  sublimate,  which  till  lately  was  regarded  as  pure  meconic  add, 
though  in  reality  it  is  not  so.  It  reddens  persalts  of  iron ;  but  whether  it  ia 
metameconic  acid,  or  some  other  compound,  has  not  been  determined. 

Tannic  •^cid  ( Tannin. ) 

This  sobstance  exists  in  an  impure  state  in  the  excrescences  of  several 
apectes  of  oak,  called  galLnots ;  in  the  bark  of  most  trees ;  in  some  inspis. 
•ated  juiees,  such  as  kino  and  catechu ;  in  the  leaves  of  tlie  tea-plant,  so. 
mach,  and  whortleberry  (uva  ursa),  and  in  astringent  plants  generally,  be- 
ing the  chief  cause  of  the  astrinirency  of  vegetable  matter.  It  is  frequently 
associated  with  gallic  acid,  as  in  irail.nnts,  in  most  kinds  of  bark,  and  in 
tea;  hot  in  kino,  catechu,  and  cinchona  bark,  little  or  no  galli<^  add  ia 
present 

Several  processes  are  recommended  for  the  preparation  of  tannic  acid. 
Thus,  it  may  be  predpitated  from  a  solution  of  gall-nuts  by  chloride  of  tin, 
and  the  precipitate  after  washing  be  decomposed  by  hydro^ulphuric  add ; 
or  it  may  lie  thrown  down  by  concentrated  sulphuric  abid  in  the  cold,  and 
the  precipitate,  when  dried  in  folds  of  bibulous  paper,  be  decomposed  by  di- 
ffestion  with  carbonate  of  oxide  of  lead.  But  in  these  and  similar  prooessea 
ue  tannic  acid,  which  is  very  prone  to  change,  is  more  or  less  modified 
in  its  character;  and,  therefore,  the  process  with  ether  late! 7  recommended 
hy  Palooie  is  preforable.  (An.  de  Ch.  et  de  Ph.  Uv.  337.)    The  lower  a|ier- 
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tun  of  in  elonnted  narrow  glam  TesBel  la  ]ooael/  doied  by  a  piece  of 
linen ;  on  thia  ia laid  some  irall-nata  in  fine  powder,  which  ia  gently  preased 
tofether,  and  then  anlphunc  ether  ia  poiireid  upon  the  powder :  the  upper 
aperture  ia  cloaed  by  a  atopper  to  prevent  lou  of  ether  by  evaporation,  and 
the  apparatua  filed  in  the  mouth  of  a  bottle,  which  reoeivea  the  ether  aa  it 
alowly  peroolatea  through  the  powder.  It  appeara  that  the  aroall  quantity  of 
water  contained  in  ether  aa  aold  in  the  ahopa,  oombinea  with  tannic  acid  to 
the  ezdnaion  of  tlie  other  ingredienta  of  the  gall-nuta,  and  forma  a  aaturated 
aqueoua  aolotion,  which  coUecta  aa  a  diatinct  atntum  below  the  ether.  After 
exhausting  the  galUnuta  by  repeated  portions  of  ether,  the  ethereal  part  ia 
drawn  off  and  purified  by  diatiliation,  and  the  aqueoua  aolution  of  tannio 
acid,  afler  being  wnahed  with  ether,  is  evaporated  to  dryneaa  at  a  very  gen- 
tle heat  or  in  vacuo  with  aulphuric  acid.  The  tannic  acid  ia  left  aa  a  uni- 
form apongy  maaa,  not  crystallized,  either  quite  while  or  with  a  alightly 
yellow  tint.  Ita  qoantity  variea  fi-om  35  to  40  per  cent  of  the  gall-nuta  em- 
ployed. 

Pure  tannic  acid  ia  colourleaa  and  inodorous,  baa  a  pureljr  astringent 
taate  without  bitterneaa,  and  may  be  preserved  without  change  in  the  solid 
state.  It  is  very  aoluble  in  water,  and  the  aolution  reddena  litmus,  and  de- 
compoaea  alkaline  carbonatea  with  efiRBrveaocncc,  thua  leaving  no  doubt  of 
itarmcidity.  Alcohol  and  ether  also  disaolve  tannic  acid,  but  more  sparingly 
than  water,  eapecially  when  anhydroua.  Solutiona  of  tannic  acid  do  not 
affect  pure  protosalta  of  iron,  but  strike  a  deep  blue  precipitate  with  the 
peraulta :  a  strong  solution  of  it  yields  a  copiona  white  precipitate  with  the 
sulphuric,  nitric,  hydrochloric,  phosphoric,  and  arsenic  acids,  but  none  with 
the  oxalic,  tartaric,  lactic,  acetic,  citric,  succinic,  and  selcnioua  acida.  It  is 
precipitated  also  by  the  carbonates  of  potaasa  and  ammonia,  by  the  alkaline 
earths,  alumina,  and  many  aolutiona  of  tho  aecond  class  of  metals.  With 
cinchonia,  quinia,  brucia,  strychnia,  codeia,  narcotina,  and  morphia,  it  yields 
white  tannates,  which  are  sparingly  soluble  in  pure  water,  but  are  diasolved 
readily  by  acetic  acid.    By  digestion  with  nitric  acid  it  yielda  oxalic  acid. 

A  aolution  of  tannic  acid  may  be  preaerved  without  change,  provided  it 
be  excluded  from  oxygen  gaa;  but  in  open  vessels  it  gradually  absorbs  oxy* 
gen,  an  equal  volume  of  carbonic  acid  ia  evolved,  it  becomes  turbid,  and 
depoaitea  a  cryataUine  matter  of  a  gray  colour,  nearly  all  of  which  is  gallic 
acid.  After  digeation  with  a  little  animal  charcoal,  the  gallic  acid  is  perfect- 
ly white  and  pure.  There  ia  no  doubt,  therefore,  of  the  conversion  of  tannic 
into  gallic  acid. 

Tannic  acid  ia  distinguished  from  all  aubstancea,  except  gallic  acid,  by 
forming  a  deep  blue  precipitate  with  persalta  of  iron,  which  is  the  basis  of 
writing-ink  and  the  black  dyes;  and  from  gallic  acid,  by  yielding  with  a 
aolution  of  gelatin  a  white  flaky  precipitate,  which  is  soluble  in  a  solution  ot 

StUtin,  but  insoluble  in  water  and  gallic  acid.  Thia  aubstance,  to  which 
e  name  of  tanno^eUnin  has  been  applied,  ia  the  basis  of  leather,  being 
always  formed  when  skins  are  macerated  in  an  infusion  of  bark.  When 
dried  it  becomes  hard  and  tough,  and  resists  putrefiiction.  Its  composition 
ia  apt  to  vary,  according  to  the  relative  quantities  of  the  matessals  used  in 
ita  formation ;  but  if  the  gelatin  is  in  slight  excess  only,  the  faulting  com- 
pound  contains  54  per  cent  of  tannic  acid.  Thia  acid  cannol  be  so  wholly 
separated  by  gelatin,  that  the  remaining  solution  shall  not  be  affected  by  a 
persalt  of  iron ;  but  Pelonze  finda  that  every  trace  of  it  is  removed  br  a 
piece  of  akin  previously  cleanaed  by  lime  aa  in  the  manufacture  of  leather, 
leaving  any  gnUic  acid  which  may  have  been  preaent 

From  the  experimenta  of  Davy,  it  appears  that  the  inner  cortical  layers 
of  bark  are  the  richeat  in  tannic  acid.  Ita  quantity  is  greatest  in  early 
spring  when  the  buds  begin  to  open,  and  smalleat  during  winter.  Of  aU 
the  varieties  of  bark  which  he  examined,  that  of  the  oak  containa  the  largest 
qoantity  of  tannic  acid. 

Tannic  acid  dried  at  2409  is  anhydroua,  anch  aa  it  exiata  in  the  white 
tannate  of  oxide  of  lead  when  dried  at  2i8P.    Felonn  found  thia  salt  to 
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eonsist  of  111.6  parts  or  one  eq.  of  protoxide  of  lead^  and  215.16  parts  or 
one  eq.  of  tannic  acid,  its  formula  being  rb-|-Tn.  The  other  tannates  of 
protoxides  have  most  probably  a  similar  composition.  The  white  tannattt 
of  sesquiozide  of  antimony  and  the  blue  tannate  of  peroxide  of  iroa  aio 
thus  constituted: — 

Base.     Acid.     Equiv.    FormuUs. 
Tannate  of  sesqoioz.  of  antimony     153^ + 645.48s=79a68    sLfdTL 

Tannate  of  peroxide  of  iron     .  80    +645.48=725.48    Fe+3Tn. 

The  various  kinds  of  tannic  acid  obtained  from  cinchona  bark,  kino,  and 
other  sources,  correspond  in  most  respects  with  that  above  described ;  bnt 
at  the  same  time  some  difference  is  observable,  some  kinds  strikinj^  a  green 
instead  of  a  deep  blue  colour -with  the  persalts  of  iron.  The  tannic  acid 
from  catechu  is  less  highly  oxidized  than  that  from  gall  nuts  (pnge  498). 

Artifieial  Tannie  Acid, — ^This  subeUnoe  was  discovered  by  Mr.  Hatchett, 
and  is  best  prepared  by  the  action  of  nitric  acid  on  charcoal  (Phil.  Trana. 
1805.6).  For  this  purpose  100  grains  of  charcoal  in  fine  powder  are  digest, 
ed  in  an  ounce  of  nitric  acid,  of  density  M,  diluted  with  two  ounces  of 
water,  with  a  gentle  heat  until  the  charcoal  is  dissolved.  The  reddish- 
brown  solution  is  then  evaporated  to  dryness,  in  order  to  expel  the  nitric 
acid,  the  temperature  being  carefully  regulated  towards  the  close  of  the 
process,  so  that  the  product  may  not  be  decomposed. 

Artificial  tannic  acid  is  a  brown  fusible  substance  of  a  resinous  fracture, 
■stringent  taste,  and  acid  reaction.  It  is  soluble  even  in  cold  water  and  in 
alcohol.  With  a  salt  of  iron  and  solution  of  gelatin  it  acts  precisely  in  the 
same  manner  as  natural  tannic  acid.  It  difers,  however,  from  that  sub- 
itanoe  in  not  being  decomposed  by  the  action  of  strong  nitric  acid. 

Artificial  tannic  acid  may  be  prepared  in  several  ways.  Thus  it  is  gene- 
rated by  the  action  of  nitric  acid,  both  on  animal  or  vegetable  charcoal,  and 
on  pit-coal,  asphaltum,  jet,  indigo,  common  resin,  and  several  other  reainoos 
■{distances.  It  is  also  procured  by  treating  common  resin,  elemi,  assa* 
fistida,  camphor,  balsams,  Slc^  first  with  sulphuric  acid,  and  then  with 
alcohoL 

Gallic  Jlcid. 

This  acid,  discovered  by  Scheele  in  1786,  existe  in  the  bark  of  many 
trees,  in  gall-nuts,  and  in  most  substances  which  contain  tannic  acid,  being 
probably  developed  by  the  oxidation  of  that  acid.  The  best  process  for  pre. 
paring  it  is  that  of  Scheele  as  modified  by  Braconnot  (An.  de  Ch.  et  de  Ph. 
ix).  Any  quantity  of  gall-nuts,  reduced  to  powder,  is  infused  for  a  few 
days  in  four  limes  ita  weight  of  water,  and  the  infusion,  afbr  being  strained 
through  linen,  is  kept  for  two  months  in  an  open  vesael  and  a  moderately 
warm  atmosphere.  During  this  period  the  surfiice  of  the  liquid  becomes 
mouldy,  and  tannic  acid  is  converted  by  the  oxygen  of  the  air  into  gallic 
acid,  which  subsides  as  a  yellowish  crystalline  matter,  mixed  with  ellagic 
acid.  On  evaporating  the  solution  to  the  consistence  of  syrup,  an  additional 
quantity  snbsides  on  cooling.  The  object  of  (Jiis  process  ia  to  give  an  op- 
portunity  for  the  oxidation  of  tannic  acid,  which  disappears  more  or  lea 
completely,  and  is  the  principal  source  of  the  gallic  acid,  since  the  latter 
usually  exista  in  gall-nuta  in  very  small  quantity.  The  impure  gallic  is 
separated  from  the  insoluble  ella^ic  acid  by  boiling  water ;  and  it  is  ren- 
dered white  by  diction  with  animal  charcoal  deprived  of  ita  phosphate  of 
hme  by  dilute  nitnc  acid.  When  the  colourless  solnUon  is  concentrated  by 
evaporation,  the  gallic  acid  is  deposited  in  smsll  white  acicular  crystaU  of  a 
gky  lustre.  Some  ^stals  prepared  by  Mr.  Phillips,  and  examined  by  Mr. 
Brooke,  were  m  the  form  of  an  oblique  rhombic  prism. 
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Pare  gallic  acid  has  a  weak  acid  taste,  accompanied  with  slight  astrin- 
gencjr,  and  reddens  litmus.  In  boiling  water  it  is  freely  soluble,  but  it  re- 
quires  100  parts  of  cold  water  for  solution ;  and  it  is  soluble  in  ether.  Its 
aqueous  solution  continues  unchanged  if  protected  from  oxygen  gas ;  but  in 
open  vessels  it  is  gradually  decomposed,  acquires  a  yellow  tint,  and  deposites 
a  dark  brown  matter.  With  sulphate  of  the  protoxide  of  iron,  it  produces 
scarcely  any  change;  but  witli  the  persulphate  it  gives  a  dark  blue  precipi- 
tate, which  is  more  soluble  thun  the  tannate  of  that  oxide,  and  slowly  dis- 
solves after  its  formation.  When  the  recent  precipitate  is  boiled  in  water, 
the  sulphuric  acid  gradually  reunites  with  the  iron,  which  is  reduced  to  the 
state  of  protoxide  at  the  expense  of  gallic  acid,  carbonic  acid  being  disen- 
gaged. The  same  action  ensues  slowly  in  the  cold,  and  the  tannate  of  the 
peroxide  is  liable  to  a  similar  change.  Both  the  tannate  and  gallate  of  the 
peroxide  exist  in  ink. 

Gallic  acid  does  not  pr^ipitate  solutions  of  gelatin,  or  salts  of  the  vegeta- 
ble alkalies.  With  lime-water  it  gives  a  brownish.grccn  precipitate,  wnieh 
is  redissolved  by  an  excess  of  the  alkali,  and  acquires  a  reddish  tint,  owing 
it  is  said  to  the  decomposing  agency  of  tlie  air. 

Crystallized  gallic  acid  loses  its  water  at  248^,  and  then  has  the  same 
composition  (page  497)  as  the  acid  when  united  with  oxide  of  lead.  This 
salt  falls  as  a  white  precipitate  when  gallic  acid  is  mixed  in  solution  with 
the  acetate  or  nitrate  of  oxide  of  lead  ;  and  Pelouze  states  that  when  dried 
at  248^  it  consists  of  111.6  parts  or  one  eq.  of  protoxide  of  lead,  and  85.84 
parts  or  one  eq.  of  gallic  acid ;  whence  its  formula  is  Pb-|-C7H30',  or 
Ph-^G.  The  gallates  in  general  have  been  but  little  examined ;  but  lVf-|-G 
may  be  taken  as  the  general  formula  of  the  constitution  of  neutral  gallates 
of  protoxides.  The  gallates  of  potassa,  soda,  and  ammonia  are  soluble  in 
water ;  but  the  gallates  of  most  other  metallic  oxides  are  insoluble. 

PyrogalHc  ^cid, 

Braconnot  first  noticed  that  the  crystals  obtained  by  subliming  gallic  acid 
are  not,  as  was  thought,  gallic  acid,  but  an  acid  of  a  peculiar  kind  which  he 
has  termed  the  pyrogalliCj  to  indicate  its  igneous  origin.  Pelouze  has  con- 
firmed this  observation,  and  finds  that  if  pure  anhydrous  gallic  acid  be  heat- 
ed in  a  dry  retort  plunged  in  oil  which  is  kept  at  a  temperature  varying 
fVom  410^  to  419°,  it  is  resolved  entirely  into  carbonic  acid  which  is  evolved 
as  gas,  and  pyrogallic  acid  which  condenses  in  the  upper  part  of  the  retort 
in  numerous  scaly  crystals  of  brilliant  whiteness.  The  decomposition  is 
such  that  (An.  de  Ch.  et  de  Ph.  xlvi.  206,  and  liv.  352.) 

1  e,.  ^.Uc  .cid  7C+3H+50  ,ie,U.  {  i„"?A~f:?i:rlcid'^+^° 

Pyrogallie  acid  has  a  faintly  bitter  astringent  taste  without  acidity,  and 
barely  reddens  litmus  paper.  At  247°  it  fuses  and  at  410°  boils,  yielding 
a  colourless  vapour  of  a  faint  odour,  somewhat  resembling  that  of  benzoic 
acid.    At  480°  it  blackens,  and  is  resolved  into  metagallic  acid  and  water, 

Pyrogallic  acid  dissolves  in  two  or  three  times  its  weight  of  cold  water, 
and  is  very  soluble  in  alcohol  and  ether.  Its  aqueous  solution,  at  first  co- 
lourless, becomes  brown  by  exposure  to  the  air,  and  in  a  few  days  is  de- 
composed.  With  the  nitrates  of  the  oxides  of  silver  and  mercury  and  a 
pcrsalt  of  iron,  it  is  decomposed,  and  reduces  the  two  former  oxides  to  the 
metallic  state,  and  the  latter  to  the  state  of  protoxide,  the  iron  solution  ac 
quiring  a  brown  colour,  ^yith  a  protosalt  of  iron  it  strikes  a  blackish-blue 
colour,  and  a  similar  tint  is  developed  with  a  persalt  of  iron  and  a  pyro. 
gallate. 

44 
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Metagallic  •Add. 

If  instead  of  decompMing  gallic  acid  at  419°,  it  is  suddenly  heated  to 
480^,  carbonic  acid  and  water  are  disengaged,  and  instead  of  a  sublimate 
of  pjrogallic  acid,  a  black  shining  insoluble  matter  like  charcoal  remains 
in  the  retort,  to  which  Pelouze  has  given  the  name  of  metagallic  acid. 
Its  formation  obviously  depends  on  the  decomposition  of  pyrogallic  add 
at  the  instant  of  its  formation,  agreeably  to  the  formula  above  given.  The 
same  products  are  obtained  by  distilling  tannic  acid  at  480°,  in  addition  to 
which  p%  rogallic  acid  is  formed  if  the  distillation  is  conducted  at  410°. 

Metagallic  acid  is  dissolved  by  the  alkalies,  forming  neutral  metagal- 
latcs,  from  which  it  is  precipitated  in  black  flakes  by  acids;  and  it  de- 
composes alkaline  carbonates  with  effervescence.  The  metagallato  of  po- 
tassa  gives  black  precipitates  with  soluble  salts  of  baryta,  strontia,  lime, 
magnesia,  and  the  oxides  t>f  iron,  zinc,  copper,  lead,  and  silver,  showing 
that  the  mctagallates  of  those  bases  are  insoluble.  The  silver  salt  oon. 
sists  of  116  parts  or  one  eq.  of  oxide  of  silver,  and  100.44  or  one  eq.  of 
metagallic  acid,  its  formula  being  Ag4.C"H30>.  The  acid  as  first  formed, 
or  as  precipitated  from  its  salts  hy  acids,  is  a  hydrate  with  one  eq.  of 
water,  of  which  the  formula  is  JUt^-C^sHsOs. 

Ellagic  Acid. 

This  acid,  called  ellagic  by  Braconnot,  from  the  word  gdlle  read  back- 
wards,  is  lefl  in  the  process  for  gallic  acid  in  the  form  of  a  gray  pow- 
der, insoluble  in  water,  but  soluble  in  a  solution  of  potassa,  and  precipi- 
tated by  acids  as  a  Jvellowish-gray  powder.  EUlagic  acid,  when  dried  at 
248°,  was  found  by  Pelouze  to  have  the  same  composition  as  anhydrous 
gallic  acid,  minus  one  eq.  of  water ;  and  the  acid  before  bein?  so  dried  is 
a  hydrate  identical  in  its  ingredients  with  anhydrous  gallic  acid. 

Succinic  Acid. 

This  acid  is  procured  by  heating  powdered  amber  in  a  retort  by  a  regu- 
lated  temperature,  when  the  succinic  acid,  which  exists  ready  formed  in 
amber,  passes  over  and  condenses  in  the  receiver.  As  first  obtained,  it  has 
a  yellow  colour  and  peculiar  odour,  owing  to  the  presence  of  some  empy- 
reumatic  oil ;  but  it  is  rendered  quite  pure  and  white  by  being  dissolved  m 
nitric  acid,  and  then  evaporated  to  dryness.  The  oil  is  decomposed,  and  the 
succinic  acid  is  lefl  unchanged. 

Succinic  acid  has  a  sour  taste,  and  reddens  litmus  paper.  It  is  soluble 
both  in  water  and  alcohol,  and  crystallizes  by  evaporation  in  anhydrous 
prisms.  When  briskly  heated,  it  fuses,  undergoes  decomposition,  and  in 
part  sublimes,  emitting  a  peculiar  and  very  characteristic  odour. 

The  salts  of  succinic  acid  have  been  little  examined.  The  succinates  of 
the  alkalies  are  soluble  in  water.  That  of  ammonia  is  frequently  employed 
for  separating  iron  from  manganese,  persuccinate  of  iron  being  quite  inso- 
luble in  cold  water,  provided  the  solutions  are  neutral.  Succinate  of  prot- 
oxide of  manganese,  on  the  contrary,  is  soluble. 

By  reference  to  the  table  (page  497)  it  will  be  seen  that  succinic  acid  difl 
fers  in  composition  from  the  acetic  only  in  containing  one  equivident  lees  of 
hydrogen. 

Mucic  or  Saeeholactie  Acid  was  discovered  by  Scheole  in  1780.  It  is  ob- 
tained by  the  action  of  nitric  acid  on  certain  substances,  such  as  gum, 
manna,  and  sugar  of  milk.  The  readiest  and  cheapest  mode  of  forming  it  is 
by  digesting  gam  with  three  times  its  weight  of  nitric  acid.  On  applying 
heat,  efiervescence  ensues,  and  three  acids — the  oxalic,  malic,  and  saocho- 
lactio— are  the  products.    The  latter,  iirom  its  insolubility,  subsides  as  a 
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'  white  powder,  and  may  be  eeporated  from  the  others  by  waBhiii|f  with  cold 
water.  In  this  state  Dr.  Prout  says  it  is  very  impure.  To  purify  it  he  di- 
gests with  a  slight  excess  of  ammonia,  and  dissolves  the  resulting  salt  in 
boiling  water.  It  is  filtered  while  hot,  and  the  solution  evaporated  sloWly 
almost  to  drjmess.  The  saccholactate  of  ammonia  is  thus  obtained  in  crys- 
tals, which  are  to  be  washed  with  cold  distilled  water,  until  they  become 
quite  white.  They  are  then  dissolved  in  boiling  water,  and  the  saturated 
hot  solution  dropped  into  cold  dilute  nitric  acid. 

The  saccholactic  is  a  weak  acid,  which  is  insoluble  in  alcohol,  and  re- 
quires sixty  times  its  weight  of  boiling  water  for  solution.  When  heated 
in  a  retort  it  is  decomposed ;  and  in  addition  to  the  usual  products,  yields  a 
volatile  white  substance,  to  which  the  name  of  pyromucic  acid  has  been  ap- 
plied. 

Camphoric  Acid, — ^This  compound  has  not  hitherto  been  found  in  any 
plant,  and  is  procured  only  by  digesting  camphor  for  a  considerable  time  in 
a  large  excess  of  nitric  acid.  As  Uie  solution  cools,  the  camphoric  acid  sepa- 
rates out  in  crystals ;  but  it  appears  from  some  observations  of  Liebig  (An. 
de  Ch.  et  de  Ph.  xlvii.  95),  ihat  so  long  as  it  retains  the  odour  of  camphor, 
as  it  is  apt  to  do,  its  freedom  from  that  substance  is  incomplete,  and  it  re- 

2 aires  renewed  digestion  with  nitric  acid.  It  is  sparingly  soluble  in  water, 
^  nes  at  145^,  and  sublimes  at  a  temperature  by  no  means  elevated.  Its  taste 
is  rather  bitter,  and  when  quite  pure  has  probably  no  odour.  It  reddens  lit- 
mus paper,  and  combines  witii  alkaline  bases,  forming  salts  which  are  called 
camphorates :  those  with  the  alkalies  are  very  soluble  and  even  deliquescent, 
but  with  oxide  of  lead  it  forms  an  insoluble  compound.  Camphoric  acid  is 
now  to  be  regarded  as  an  oxide  of  the  compound  radical,  camphene.  (Page 
256.) 

Valerianic  Acid, — ^The  existence  of  this  acid  was  observed  by  M.  Grote, 
and  since  studied  by  Pens  and  TrommsdoHT  (An.  de  Cb.  et  de  Ph.  liv.  208.) 
This  acid  exists  in  the  root  of  valerian  {Valeriana  officinalis)  and  passes  over 
along  with  an  essential  oil  when  that  root  is  distilled :  on  agitating  the  pro- 
duct with  carbonate  of  magnesia  and  water,  and  distilling,  the  essential  oil 
is  expelled,  and  valerianate  of  magnesia  is  lefl.  On  decomposing  this  salt 
by  dilute  sulphuric  acid,  the  valerianic  acid  may  be  obtained  by  distillation, 
partly  dissolved  in  the  water  which  passes  over  with  it,  and  partly  as  an 
oleaginous  matter  floating  on  its  surface. 

Pure  valerianic  acid  is  a  colourless  oleaginous  fluid,  of  density  0.944,  an 
odour  like  that  of  valerian,  and  a  strong,  acid,  disagreeable  taste.  It  boils  at 
270^,  but  distils  along  with  aqueous  vapour  at  a  much  lower  temperature: 
the  oily  stain  which  it  gives  to  paper  disappears  entirely  by  heat.  It  burns 
with  a  vivid  flame  without  residue.  It  dissolves  in  every  proportion  in  alco- 
hol, and  in  30  parts  of  cold  water.  It  has  a  strong  acid  reaction,  and  forms 
salts  with  alkaline  bases,  most  of  which  are  soluble  in  alcohol  and  water,  are 
fiitty  to  the  touch,  and  when  decomposed  emit  the  peculiar  odour  of  the 
acid.  From  the  analysis  of  Ittner  (page  497)  the  general  formula  of  the  neu- 
tral valerianates  of  protoxides  is  M-f-CioHcOa,  and  the  oily  acid  is  a  hy- 
drate with  one  eq.  of  water, 

Roeellic  Acid, — ^This  acid  was  discovered  by  Heercn  in  the  rocdla  tineto- 
ria,  and  is  separated  by  acting  on  the  lichen  with  a  solution  of  ammonia,  pre- 
cipitating with  chloride  of  calcium,  and  decomposing  the  roceliate  of  lime 
by  hydrochloric  acid,  when  roeellic  acid  subsides.  It  is  purified  by  solution 
in  ether,  and  is  deposited  by  evaporation  in  minute  white  crystals  of  a  silky 
lustre.  This  acid  fuses  at  266°,  is  very  soluble  in  alcohol  and  ether,  and  is 
insoluble  in  water. 

Moroxylie  Acid, — ^This  compound,  which  was  first  discovered  by  Klap- 
roth,  is  found  in  combination  with  lime  on  the  bark  of  the  morue  alba  or 
white  mulberry,  and  has  hence  received  the  appellation  of  moric  or  moroxylie 
eeid.  It  is  ofa^ned  by  decomposing  moroxylate  of  lime  by  acetate  of  oxide 
of  lead,  and  then  separating  that  oxide  by  means  of  sulphuric  acid. 
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Hydroeyame  or  prusBic  aeid^  which  is  not  oo  unfrequent  production  of 
plants,  has  alrcadj  been  described. 

The  Morhic,  as  already  mentioned,  has  been  shown  to  be  malic  acid. 

Rkeumie  Acid. — ^I'his  name  was  applied  to  the  acid  principle  contained 
in  the  stem  of  the  garden  rhubarb ;  but  M.  Lassaigne  has  shown  it  to  be 
oxalic  acid. 

Chloroxalic  Acid. — When  cry  stall  izable  acetie  acid  is  put  into  a  glass  res- 
■el  full  of  dry  chlorine,  and  exposed  for  a  day  to  bright  sunshine,  hydro- 
chloric acid  gas  is  generated,  and  during  the  night  chloroxalic  aeid  is  depo- 
sited in  dendritic  crystals  or  small  rhombic  scales.  In  order  to  obtain  it 
pure  the  chlorine  should  bo  in  excess,  and  the  gases  subsequently  expclle<l 
from  the  flask  by  dry  air.  The  new  acid  is  very  volatile  and  deliques- 
cent, and  when  evaporated  in  vacuo^  yields  rhombic  crystals.  Its  elements 
are  in  such  proportion  that  it  may  be  regarded  as  a  compound  of  one  equiva- 
lent of  hydrochloric  and  one  equivalent  of  oxalic  acid.  These  observations 
were  maJde  by  Dumas.  (Pog.  Annalen,  xx.  106  ) 

Boletic  Acid  was  discovered  by  M.  Braconnot  in  the  juice  of  the  BoletuM 
paeudo-igniariut.  As  it  is  a  compound  of  little  interest,  I  refer  the  reader 
to  the  original  paper  for  an  account  of  it.  (Annals  of  Phil.  vol.  ii.) 

leaauric  Acid. — Pelletier  and  Caventou  have  proposed  this  name  for  the 
acia  which  occurs  in  combination  with  strychnia  in  the  nux  vomica  and  St. 
Ignatius*s  bean.  It  may  be  conveniently  obtained  by  adding  acetate  of  oxide 
of  lead  to  the  aqueous  solution  of  nux  vomica  prepared  as  in  the  preparation 
of  strychnia,  when  the  igasurate  of  that  oxide  subsides  :  the  precipitate,  after 
bein^  washed,  is  put  into  water  and  decomposed  by  a  current  of  hydrosol- 
phuric  acid  gas.  The  solution  of  igasuric  acid  is  then  separated  from  sal- 
phuret  of  lead  by  filtration,  and  may  be  purified  either  by  digestion  with 
animal  charcoal,  from  which  phosphate  of  lime  has  been  removed  by  an 
acid,  or  by  a  second  precipitation  with  acetate  of  oxide  of  lead.  On  concen- 
trating the  purified  solution  to  the  consistence  of  thin  syrup,  and  placing  it 
in  a  warm  situation,  the  acid  separates  in  crystals  which  are  commcmly 
indistinct  in  their  form. 

Igasuric  acid  forms  soluble  salts  with  the  alkalies,  baryta,  and  the  oxides 
of  iron,  silver,  and  mercury.  With  oxide  of  lead,  lime,  and  magnesia,  it 
yields  sparingly  soluble  compounds;  but  the  two  latter  are  dissolved  by  hot  wa- 
ter. With  sulphate  of  oxide  of  copper  in  neutral  solutions,  it  occasions,  either 
immediately  or  afler  a  short  interval,  a  light  green  precipitate,  which  is  very 
characteristic  of  igasuric  acid. 

Suberic  Acid  is  produced  by  the  action  of  nitric  acid  on  cork.  Its  acid 
properties  are  very  feeble.  It  is  very  soluble  in  boiling  water,  and  the 
greater  part  of  it  is  deposited  from  the  solution  in  cooling  in  the  form  of  a 
white  powder.  Its  salts,  which  have  been  little  examined,  are  known  by  the 
name  ofsuberates. 

Zumic  Acid. — ^This  compound,  procured  by  Braconnot  from  several  vege- 
table substances  which  had  undergone  the  acetous  fermentation,  appears 
from  the  observations  of  Vogcl  to  be  lactic  acid.  (Annals  of  Philosophy, 
vol.  xii.) 

Pectic  Acid. — ^This  substance,  distinguished  by  its  remarkable  tendency 
to  gelatinize,  a  property  from  which  its  name  is  derived  (from  «-ij«tjc,  co- 
agulum),  was  originally  described  by  Braconnot ;  and  it  has  since  been  ex- 
amined by  the  late  celebrated  Vauquelin.  (An.  de  Ch.  et  dc  Ph.  xxviii.  173, 
and  xli.  46.)  Braconnot  believed  it  to  be  present  in  all  plants;  but  he  ex- 
tracted it  chiefly  from  the  carrot.  For  ihi^  purpose  the  carrot  is  made  into 
a  pulp,  the  juice  is  expressed,  and  the  solid  part  well  washed  with  distilled 
water.  It  is  then  boiled  for  about  ten  minutes  with  a  very  dilute  solution  of 
pure  potassa,  or,  as  Vauquelin  advised,  with  bicarbonate  of  potassa  in  the 
ratio  of  5  parts  to  100  of  the  washed  pulp,  and  the  chloride  of  calcium  is 
added  to  the  filtered  liquor.  The  precipitate,  consisting  of  pectic  acid  and 
lime,  is  well  washed,  and  the  lime  removed  by  water  acidulated  with  faydro- 
cbloric  acid. 
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Pecticacid,  as  thus  procured,  js  in  the  form  of  jelly.  It  is  insoluble  in  cold 
water  and  acids,  and  nearly  so  in  boiling  water.  It  has  a  sligrlit  ucid  reac- 
tion, and  a  feeble  neutralizing  power  with  alkalies,  with  which  it  forms  so- 
luble compounds.  The  earthly  pcctates  arc  very  insoluble,  and  on  thia  ac- 
count, in  preparing  pectic  acid,  pure  water  must  be  used  ;  for  the  procesa 
always  fails,  when  water  containing  earthy  baits  is  employed. 

By  digestion  in  a  stroqg  solution  of  potassa,  pectic  acid  disappears,  the 
Jiquid  becomes  brown,  and  oxalate  of  potassa  is  obtained  by  evaporation. 
This  fact  excites  some  suspicion  that  pectic  acid  may  be  a  compound  of 
oxalic  acid  with  a  vegetable  principle  antilogous  to  gum  ;  but  the  conversion 
of  organic  substances  in  general  into  oxalic  acid  by  tiie  action  of  potassa,  as 
already  noticed  at  page  41)4,  diminishes  the  force  of  tliis  objection. 

Idtciueic  Acid. — ^1  his  acid  was  obtained  by  Pfaff  from  the  juice  of  the 
laetuca  mroaa,  who  throws  down  the  acid  by  a  salt  of  copper  or  lead,  and 
then  separates  the  metallic  oxide  by  hydrdsulphuric  acid.  It  is  said  to  differ 
from  oxalic  acid,  which  in  most  respects  it  resembles,  by  giving  a  green  pre- 
cipitate with  the  protosalts  of  iron,  and  a  brown  with  sulphate  of  protoxido 
of  copper;  but  its  properties  are  imperfectly  known.  ^ 

Crameric  Acid. — I'his  acid  was  discovered  by  M.  Peschier  of  Geneva  in 
tlie  extract  of  Rhatany  root,  Crameria  triandra.  After  separating  from  an 
aqueous  solution  of  the  extract  all  the  tannic  acid  hy  means  of  gelatin,  and 
then  neutralizing  by  ammonia,  acetate  of  oxide  of  lead  is  added  as  long  as  it 
occasions  a  precipitate :  the  cramorate  of  that  oxide  is  decomposed  either  by 
sulphuric  acid  or  hydrosulphuric  acid ;  and  the  solution  is  concentrated  in 
order  that  the  crameric  acid  may  crystallize.  This  acid  forms  a  sparingly 
soluble  salt  with  baryta;  and  it  is  singular  that  the  small  quantity  which  m 
dissolved,  is  not  precipitated  by  sulphuric  acid,  though  the  baryta  may  be 
thrown  down  by  an  alkaline  carbonate. 

Caincie  Add. — ^Thia  acid,  discovered  by  MM.  Francois,  Caventou,  and 
Pelletier,  is  the  bitter  principle  of  the  bark  of  the  cainca  root,  a  Brazilian 
shrub  which  is  employed  for  the  cure  of  intermittent  fever.  (Journ.  do 
Pharm.  xvi.  465.)  It  crystallizes  in  delicate  white  needles  arranged  in  tufVi 
like  hydrochlorate  of  morphia,  has  a  remarkably  bitter  taste,  and  an  acid 
reaction.  It  is  sparingly  soluble  in  water  and  ether,  but  is  abundantly  dis- 
solved by  alcohol,  especially  when  heated.  It  unites  with  the  alkalies  form- 
ing soluble  salts  which  do  not  crystallize,  and  from  which  acids  throw  down 
camcic  acid  It  forms  soluble  neutral  salts  with  baryta  and  lime,  but  the 
caincatc  of  oxide  of  lead  and  the  subcaincate  of  lime  are  insoluble  in  water. 
It  is  decomposed  by  the  concentrated  mineral  acids ;  and  the  hydrochloric, 
oven  in  the  cold,  converts  it  into  a  gelatinous  matter  which  is  nearly  in- 
sipid. Its  equivalent  has  not  yet  been  ascertained ;  but  Liebig  finds  that  the 
crystallized  acid  loses  9  per  cent,  of  water  at  212^,  and  tiiat  100  parts  of 
the  acid  thus  dried  contain  57.38  parts  of  carbon,  7.48  of  hydrogen,  and 
35.14  of  oxygen. 

Caincie  acid  is  prepared  by  exhausting  the  bark  with  hot  alcohol,  and 
evaporating  the  solution  to  the  consistence  of  an  extract,  \\  hich  is  then 
boiled  in  water,  and  the  hot  aqueous  solution,  afler  filtration,  is  decomposed 
by  sn  excess  of  lime.  The  precipitate  treated  with  oxalic  acid  yields  oxalate 
of  lime  and  free  caincie  acid,  which  are  both  insoluble  in  cold  water.  Hot 
alcohol  takes  up  the  latter,  which  is  decolorized  by  animal  charcoal. 

Indigotic  Acid. — ^This  acid  has  been  studied  by  Buff,  and  recently  ana- 
lyzed  by  Dumas.  (An.  de  Ch.  et  de  Ph.  xxxvii.  160,  xxxix.  290,  li.  174,  and  liii. 
176.)  It  is  generated,  with  evolution  of  carbonic  acid  and  binoxide  of  nl. 
tro^ren  ^ses  in  equal  measures,  but  without  tlie  production  of  any  carba- 
zotic  acid,  by  boiling  indigo  in  rather  dilute  nitric  acid,  formed  by  mixing 
nitric  acid  of  sp.  gr.  Ii3  with  an  equal  weight  of  water.  To  the  solution, 
kept  boiling,  indigo  in  coarse  powder  is  gradually  added,  as  long  as  efTer- 
rcscence  continues ;  and  hot  water  is  occasionally  added  to  supply  loss  by 
evaporation.  The  impure  indigotic  acid,  deposited  in  cooling,  is  boiled  with 
oxide  of  lead  and  filtered,  in  order  to  separate  resin ;  and  UiQ  clear  yellow 
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■olution  is  decomposed  by  sulphuric  acid,  and  again  filtered  at  a  boiling 
temperature.  On  cooling,  the  acid  crystallizes  in  yellowish-white  needles. 
In  order  to  purify  them  completely,  they  were  digested  in  water  with  carbo- 
nate of  baryta;  and  the  indigotate  of  baryta,  deposited  from  the  hot  filtered 
solution  in  cooling,  was  dissolved  in  hot  water,  and  decomposed  by  an  acid. 
Indigotic  acid  was  tlius  obtained  in  acicular  crystals  of  snowy  whiteness, 
which  contracted  greatly  in  drying,  and  lost  their  crystalline  aspect;  but 
the  dry  mass  was  dazzling  white,  and  had  a  silky  lustre. 

Indigotic  acid  decomposes  carbonates,  but  is  a  feeble  acid,  and  reddens 
litmus  niintly.  It  requires  1000  times  its  weight  of  cold  water  for  solution, 
but  is  soluble  to  any  extent  in  hot  water  and  alcohol.  Heated  in  a  tube  it 
fuses,  and  sublimes  without  decomposition ;  and  the  fused  mass,  in  cooling-, 
crystallizes  in  six-sided  plates.  When  heated  in  open  vessels,  it  is  inflamed^ 
and  burns  with  much  smoke. 

Dumas  has  compared  together  the  constitution  of  indigo^fen,  indigo-blue, 
and  indigotic  acid,  and  finds  thai  they  may  be  viewed  as  oxides  of  the  same 
compound  radical :  thus 

Carb.  Hyd.  NiCr.    Oxy.       Equiv.        Formuls. 

Indigogen  ,  275.4  +15  +42.454-  32  =364.85  C*«H»»NH-40. 
Indigo-bluo      .       275.4  +15     +42.45+  48     =380.85  C*«Hi«N8+60. 

Do.  in  100  parts    72.8  +  4.04+10.8  +  12.36 
Indigotic  acid         275.4  +15     +42.45+240  =572.85  C*»Hi«N8-|-30O. 

Do.  in  100  parts    48J23+  ^76+  7.73+  41.28 

The  equivalent  of  indigotic  acid  as  here  represented  has  not  been  proved 
by  the  composition  of  its  salts,  great  uncertainty  existing  as  yet  respecting 
the  composition  of  a  neutral  indigotate. 

Carbazotie  Acid. — This  name  has  been  applied  by  Liebig  to  a  peculiar 
acid  formed  by  the  action  of  nitric  acid  on  indigo.  It  was  first  noticed  by 
Hausmann,  and  subsequently  examined  by  Proust,  Fourcroy  and  Vauquelin, 
Cfaevreul,  and  Liebig.  It  is  made  by  dissolving  small  fragments  of  the  best 
indigo  in  8  or  10  times  their  weight  of  moderately  strong  nitric  acid,  and 
boiling  as  long  as  nitrous  acid  fumes  are  evolved.  Durincf  the  action,  car- 
bonic, hydrocyanic,  and  nitrous  acids  are  evolved ;  and  in  the  liquid,  besides 
earbazotic  acid,  is  found  a  resinous  matter,  artificial  tannin,  and  indigotic 
aoid.  On  cooling,  carbazotie  acid  is  freely  deposited  in  transparent  yellow 
crystals;  and  on  evaporotmg  the  residual  Kquid,  and  adding  cold  water,  an 
additional  quantity  of  the  acid  is  procured.  To  render  it  quite  pure,  it 
should  be  dissolved  in  hot  water,  and  neutrslized  by  carbonate  of  potassa. 
As  the  liquid  cools,  carbazotate  of  potassa  crystallizes,  and  may  be  purified 
by  repeated  crystallization.  The  acid  may  be  precipitated  from  this  salt  by 
sulphuric  acid. 

Carbazotie  acid  is  sparingly  soluble  in  cold  water;  but  it  is  dissolved 
much  more  freely  by  the  aid  of  lieat,  and  on  cooling  yields  brilliant  crystal- 
line plates  of  a  yellow  colour.  Ether  and  alcohol  dissolve  it  readily.  It  is 
fused  and  volatilized  by  heat  without  decomposition;  but  when  suddenly 
exposed  to  a  strong  heat,  it  inflames  without  explosion,  and  burns  with  a 
yellow  flame,  with  a  residue  of  charcoal  Its  solution  has  a  bright  yellow 
colour,  reddens  litmus  paper,  is  extremely  bitter,  and  acts  like  a  strong  acid 
on  metallic  oxides.  It  is  said  to  be  poisonous.  (Journal  of  Science,  ii.  210, 
and  iii.  490.) 

The  salts  of  carbazotie  acid  are  fbr  the  most  part  crystallizable,  of  a  yd- 
low  colour,  and  brilliant  lustre.  They  have  the  property,  when  rapidly 
heated,  either  of  detonating  like  fulminating  silver,  or  of  burning  rapidly 
with  scintillations.  The  sparing  solubility  of  carbazotate  of  potassa  is  the 
cause  of  carbazotie  acid  being  used  as  a  test  of  that  alkali. 

According  to  the  analysis  of  Liebig,  carbazotie  acid  contains  no  hydro- 
gen, and  its  ingredients  are  expressed  by  the  formula  CiaNsQi',  its  equiva- 
Mnt  bein^  254i25,  or  the  sura  of  the  equivalents  of  its  elements.  Buff  and 
Dumas  give  di^rent  proportions,  and  the  latter  fbond  1.4  per  cent,  of 
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hydrogen.  It  ie  certain,  however,  that  it  is  a  highly  oxidized  hody,  which 
accounts  for  the  detonating  property  of  its  salts.  Dumas  and  Liebig  concur 
in  representing  the  ratio  of  oxygen  and  nitrogen  to  be  the  same  as  in  nitric 
acid. 

Carbazotic  acid  is  generated  by  the  action  of  nitric  acid  on  many  sub- 
stances both  animal  and  vegetable,  especially  on  those  which  contain  nitro- 
gen. The  bitter  principle,  formed  wkh  nitric  acid  and  silk  by  Welter,  and 
by  Braconnot  from  aloes,  is  carbazotic  acid.  It  is  also  formed  by  digesting 
indigotic  acid  in  nitric  acid,  with  formation  of  binoxide  of  nitrogen,,  carbonic 
and  oxalic  acid,  and,  according  to  Dumas,  of  ammonia. 

The  substances  called  resin  and  artificial  tannin,  formed  during  the  pre- 
ceding  process,  consist  of  a  brown  friable  matter  united  or  mixed  with  diil 
ferent  proportions  of  indigotic  and  nitric  acid.  It  is  insoluble  in  water  and 
alcohol;  but  it  is  dissolved  by  the  pure  alkalies  and  their  carbonates,  and  is 
precipitated  from  the  solution  by  acids.  It  is  best  procured  by  boiling  1  part 
of  indigo  with  2  of  nitric  acid  diluted  with  15  or  20  of  water,  being  purified 
by  hot  water  from  indigotic  acid.  In  order  to  separate  it  from  unchanged 
indigo,  it  is  dissolved  by  carbonate  of  potassa,  and  precipitated  by  an  acid^ 


SECTION  IL 

VEGETABLE  ALKALIES. 

Undeiv  this  title  are  comprehended  those  proximate  vegetable  principle* 
which  are  possessed  of  alkaline  properties.  The  honour  of  discovering  the 
existence  of  this  class  of  bodies  is  due  to  Sertuerner,  a  German  apothecary, 
who  published  an  account  of  morphia  so  long  ago  as  the  year  IS03;  but  the 
subject  excited  no  notice  until  the  publication  of  his  second  essay  in  1816. 
The  chemists  who  have  since  cultivated  this  department  with  most  success 
are  M.  Robiquet,  and  MM.  Pelletier  and  Cavcntou. 

All  the  vegetable  alkalies  which  have  been  analyzed  consist  of  carbon,, 
hydrogen,  nitrogen,  and  oxygen ;  and  it  is  remarked,  which  shows  a  close 
analogy  of  composition,  that  a  single  equivalent  of  each  alkali  contains  ex- 
actly one  equivalent  of  nitrogen.  They  are  decomposed  with  facility  by 
nitric  acid  and  by  heat,  and  ammonia  is  always  one  of  the  products  of  the 
destructive  distillation.  They  never  exist  in  an  insulated  state  in  the  plants 
which  contain  them ;  but  are  apparently  in  every  case  combined  with  an 
acid,  with  which  they  form  a  salt  more  or  less  soluble  in  water.  These 
alkalies  are  for  the  most  part  very  insoluble  in  water,  and  of  sparing  solubi- 
lity in  cold  alcohol;  but  they  are  all  readily  dissolved  by  that  fluid  at  a 
boding  temperature,  being  deposited  from  the  solution,  commonly  in  the 
form  of  crystals,  on  cooling.  Most  of  the  salts  are  far  more  soluble  in 
water  than  the  alkalies  themselves,  and  seteral  of  them  arc  remarkable  for 
their  solubility. 

Serulias  observed  that  iodic  acid  is  disposed  to  form  with  most  of  the  ve- 
getable alkalies  supersalts,  which  are  very  insoluble  in  alcohol,  and  he  pro- 
posed this  property  as  a  test  of  vegetable  alkalies.  It  suffices  to  dissolve  a 
vegetable  alkali,  especially  quinia  or  cinchonia,  or  any  of  their  salts,  in  alco- 
hol, and  to  add,  drop  by  drop  a  solution  of  iodic  acid,  so  that  it  may  be  in 
excess :  a  supersalt  is  generated,  which,  though  in  very  minute  quantity,  is 
immediately  precipitat^.  The  iodic  acid,  being  itself  insoluble  in  alcohol, 
should  be  so  far  diluted  with  water  until  it  ceases  to  ^ive  a  precipitate  with 
strong  alcohol.  The  aqneous  solution  of  chloride  of  iodine,  which  contains 
iodic  acid,  may  be  substituted  for  the  pure  acid.  (An.  de  Ch.  et  de  Ph.  xlv. 
68.)    It  should  be  remembered  ia  employing  thifl  test,  that  all  the  lodatoa 
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«re  of  sparing  Bolubiiity ; — ^that  a'  little  potaau,  dissolved  in  alcohol,  would 
ffive  a  precipitate  on  the  addition  of  iodic  acid.  Care  should  be  taken  also 
in  drying  tlie  iodate  of  a  vegetable  alkali,  since  when  sharply  heated  they 
detonate  powerfully. 

As  the  vegetable  alkalies  agree  in  several  of  their  leading  chemical  pro- 
perties,  the  mode  of  preparing  one  of  them  admits  of  being  applied  with 
slight  variation  to  all.  The  general  outline  of  the  method  is  as  follows: — 
The  substance  containing  the  alkaline  principle  is  digested,  or  more  com* 
monly  macerated,  in  a  large  quantity  of  water,  which  dissolves  the  salt,  tho 
base  of  which  is  the  vegetable  alkali.  On  adding  some  more  poyvcrful 
salifiable  base,  such  as  potassa  or  ammonia,  or  boiling  the  solution  for  a  few 
minutes  with  lime  or  p^re  magneua,  the  vegetable  alkali  is  separated  from 
its  acid,  and  being  in  tliat  sta^e  insoluble  in  water,  may  be  collected  on  a 
filter  and  washed.  As  thus  procured,  however,  it  is  impure,  retaining  somo 
of  the  other  principles,  such  as  the  oleaginous,  resinous,  or  colouring  mat- 
ters with  which  it  is  associated  in  the  plant.  To  purify  it  from  these  sub- 
stances, it  should  be  mixed  with  a  little  animal  charcoal,  and  dissolved  in 
boiling  aicohoL  The  alcoholic  solution,  which  is  to  be  filtered  while  hot, 
yields  the  pure  alkali,  cither  on  cooling  or  by  evaporation;  and  if  not  quite 
colourless,  it  should  again  be  subjected  to  the  action  of  alcohol  and  animal 
charcoal.  In  order  to  avoid  the  necessity  of  employing  a  large  quantity  of 
alcohol,  the  following  modification  of  the  process  may  be  adopted.  Tho 
vegetable  alkali,  ailer  being  precipitated  and  collected  on  a  filter,  is  made  to 
unite  with  some  acid,  such  us  the  acetic,  sulphuric,  or  hydrochloric,  and  the 
solution  boiled  with  animal  charcoal,  until  the  colouring  matter  is  removed. 
The  alkali  is  then  precipitated  by  ammonia  or  some  other  salifiable  base. 

The  following  table,  formed  principally  from  analyses  by  Liebig  (An.  de 
Ch.  et  de  Ph.  zlviL  199),  represenU  the  composition  of  tho  vegetable  alkalies 
in  their  anhydrous  state.  The  numeral  attached  to  each  symbol  indicates 
the  number  of  equivalents  of  that  element  in  one  equivalent  of  the  alkalL 
The  elements  of  those  whose  atomic  constitution  is  unknown,  are  given  in 
relation  to  100  parts. 

Alkaues.  Carb.     Hyd.      Nitrog.   Oxy.  Equiv. 

Morphia  .  .  208.08+18      +14.15+48     =  288i23 

Narcotina  .  65     +  5.5  +  2.51+26.99  in  100  parts. 

Codeia      .  .  189.72+20      +14.15+40     =  263.87 

Narceia    .  .  54.73+  6.52+  4.33+34.42  in  100  parts. 

Cinchonia  .  122.4+12      +14.1.5+8     =  156.,55 

Quinia     .  .  122.4+12      +14.15+16     =  164.55 

Aricina    .  .  122.4+12      +14.15+24      =  172.55 

Strychnia  .  183.6  +16      +14.15+24     =  237.75 

Brucia     .  .  195.84+18      +14.15+48     =  275.99 

Veratria  .  .  208.08+22      +14.15+48     =  292.23 

Emctia    .  .  64.57+  7.77+  4.3  +22.95  in  100  parts. 

Dclphia    .  .  76.69+  8.89+  5.93+  7.49  in  100  parts. 

Morphia* 


Formulae. 
C34Hi«NiO« 

C3iH«oNJO» 

CMHisN'Oi 
C2oHi»NiO« 
OaoHi«N»Oi 
CanHi6N»0» 
CS2H'8N»0« 
C3*H««N'0« 


This  alkali  is  the  medicinal  agent  of  opium,  in  which  it  exists  combined 
with  meconic  and  sulphuric  acid,  and  associated  with  several  other  sub- 
stances, especially  with  narcotina,  codeia,  narceia,  meconin,  gummy,  re- 
sinous, and  extractive  colouring  matters,  ligntn,  fixed  oil,  and  a  small 
quantity  of  caoutchouc.  The  first  step  in  its  preparation  consists  in  cutting 
a  given  quantity  of  opium  into  small  pieces,  pouring  on  it  distilled  water, 
and  macerating  for  two  or  three  days  at  a  temperature  not  exceeding  100^, 
aided  by  fVequent  agitation ;  the  first  infusion  is  then  decanted,  and  a  second 
and  a  third  conducted  in  a  similar  manner,  so  that  the  soluble  parts  should 
be  completely  extracted.  A  highly  coloured  but  clear  solution  is  thus  ob- 
tained, which  has  the  peculiar  odour  of  opiom,  is  distinctly  acid  to  test 
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paper,  and  contains  all  the  meconate  and  sulphate  of  morphia,  topfether  with 
the  associated  alkalies,  contained  in  the  specimen.  To  obtain  pure  morphia' 
iVoro  the  solution  one  of  two  modes  is  now  commonly  employed.  The  first 
consists  in  concentrating  the  aqueous  solution  of  opium,  and  adding  a  slight 
excess  of  ammonia,  when  the  morphia  nnd  narcotina  are  precipitated.  The 
precipitate  is  digested  at  130^  or  130^  in  proof  spirit,  which  takes  up  most 
of  the  narcotina  and  colouring  matter:  the  morphia  is  then  dissolved  in 
strong  boiling  alcohol,  from  which  it  is  deposited  by  cooling  and  evapora- 
tion. The  object  of  the  second  is  to  obtain  the^  morphia  in  the  form  of  a 
hydrochlorate,  by  which  means  its  separation  from  narcotina  is  more  fully 
accomplisliedthan  by  the  former  method ;  and  the  following  process,  devised 
by  Drs.  Gregory  and  Robertson,  of  Edinburgh,  may  be  safely  employed. 
(Edin.  Med.  and  Surg.  Journal,  Nos.  107  and  111.)  The  aqueous  solution 
of  opium  is  concentrated  in  a  vessel  of  tinned  iron,  or  other  evaporator,  to 
the  consistence  of  a  thin  syrup,  when  a  slight  excess  of  chloride  of  calcium, 
neutral  and  quite  free  from  iron,  is  added ;  the  mixture  is  boiled  for  a  few 
minutes,  and  then  poured  into  an  evaporating  basin.  When  cold,  the  hydro- 
chlorates  are  taken  up  in  water,  which  is  added  until  a  copious  separation 
of  resinous  flocks  ensues,  leaving  the  insoluble  meconate  and  sulphate  of 
lime  with  a  good  deal  of  colouring  matter.  The  clear  liquid  is  again  evapo- 
rated to  a  syrupy  consistence,  a  little  marble  being  added  to  ensure  perfect 
neutrality,  the  warm  fluid  is  poured  oflT  the  sediment  into  a  clean  capsule, 
and  is  well  stirred  during  crystallization.  The  mass  is  then  put  into  a  stout 
cloth,  and  the  liquid  part,  containing  chloride  of  calcium,  the  hydrochlorate 
of  narcotina,  and  colouring  matter,  is  pressed  out  from  the  crystallized 
hydrochlorate  of  morphia:  this  impure  salt  is  redissolved  in  water  at  70°, 
filtered  through  cloth,  mixed  with  a  little  fresh  chloride  of  calcium,  crystal- 
liza^find  compressed  as  before.  It  is  taken  up  in  hot  water,  digested  for 
about  24  hours  with  animal  charcoal,  filtered,  evaporated,  crystallized,  and 
squeezed  in  cloth  as  on  former  occasions ;  but  in  this  part  of  the  process  a 
littlo'^  free  hydrochloric  acid  may  be  added  with  advantage,  as  it  holds  in 
solution  any  remaining  colouring  matter,  and  renders  the  crystallization  of 
the  hydrochlorate  of  morphia  more  perfect.  The  pure  salt  is  then  dried  at 
a  temperature  of  150°,  and  amounts  on  an  average  to  10  per  cent,  of  the 
opium  used,  correspondinjgr  to  9.43  per  cent,  of  crystallized  morphia.  It 
contains  a  small  quantity  of  hydrochlorate  of  codcia,  which  is  left  in  solu- 
tion when  the  morphia  is  precipitated  by  ammonia.  The  absence  of  nar- 
cotina may  be  proved  by  the  following  character:— If  dissolved  in  distilled 
water,  and  pure  potassa  be  added,  crystals  of  morphia  at  first  subside,  which 
are  completely  redissolved  by  an  excess  of  the  pfitassa;  but  when  narcotina 
is  present,  the  alkali  occasions  a  peculiar  milkiness,  and  by  heat  woolly 
flocks  ore  separated. 

Pure  morphia  crystallizes  readily  when  its  alcoholic  solution  is  evapo- 
rated, and  yields  colourless  crystals  of  a  brilliant  lustre.  They  mostly  occur 
in  irregular  six-sided  prisms  with  dihedral  summits;  but  their  primary  form 
is  a  right  rhombic  prism,  of  which  the  lateral  planes  only  appear  in  the 
crystals  (Brooke).  According  to  Licbig,  they  consist  of  288.23  parts,  or 
one  eq.  of  anhydrous  morphia,  and  18  or  two  eq.  of  water,  which  they  give 
out  at  248=>,  the  loss  amounting  to  6.33  per  cent.  (An.  de  Ch.  et  de  Ph.  xlvii. 
198).  Morphia  is  almost  wholly  insoluble  in  cold,  and  to  very  small  extent 
in  hot  water.  It  is  soluble  in  strong  alcohol  especially  by  the  aid  of  heat. 
In  its  pure  state  it  has  scarcely  any  taste;  bqt  when  rendered  soluble  by 
combining  with  an  acid  or  by  solution  in  alcohol,  it  is  intensely  bitter.  It 
has  an  alkaline  reaction,  and  combines  with  acids,  forming  neutral  salts, 
which  are  far  more  soluble  in  water  than  morphia  itself,  and  for  the  most 
part  are  capable  of  crystallizing.  Solutions  of  pure  potassa  and  soda  dis- 
solve it,  as  in  some  measure  docs  ommonia. 

Strong  nitric  acid  decomposes  morphia,  forming  a  red  solution,  which  by 
the  continued  action  of  the  acid  acquires  a  yellow  colour,  and  is  ultimately 
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converted  into  oxalic  acid.  Nitric  acid  hai  a  aimilar  effect  on  bracia.  With 
a  peraalt  of  iron  morphia  strikes  a  blue  tint 

Morphia  is  the  narcotic  principle  of  opium.  When  pure,  owing  to  its  in- 
solubility, it  is  almost  inert;  for  Orfila  gave  twelve  grains  of  it  to  a  dog 
without  its  being  followed  by  any  sensible  effect  In  a  state  of  solution,  on 
the  contrary,  it  acts  on  the  animal  system  with  great  energy,  Sertuerner 
having  noticed  alarming  symptoms  from  so  small  a  quantity  as  half  a  grain. 
Vfm  this  it  appears  to  follow  that  the  effects  of  an  over.dose  of  a  salt  of 
morphia  may  be  prevented  or  diminished  by  giving  a  dilute  solution  of 
ammonia,  or  an  alkaline  carbonate,  so  as  to  precipitate  the  vegetable 
alkalL 

When  opium  is  administered  as  a  poison,  its  presence  is  rendered  obvious 
by  the  peculiar  odour  of  that  drup,  as  well  as  by  the  red  tint  given  to  per- 
nlts  of  iron  by  the  meconic  acid  of  the  opium;  but  when  death  is  occa- 
sioned by  a  salt  of  morphia,  it  becomes  necessary  to  eliminate  the  morphia, 
a  practical  process  of  considerable  delicacy.  The  method  sug^sted  by 
Lassaigne  for  detecting  acetate  of  morphia,  may  be  applied  to  its  saline 
combinations  in  general  (An.  de  Ch.  et  de  Ph.  xxv.  102.)  The  suspected 
solution  is  evaporated  by  a  temperature  of  212^,  and  the  residue  treated 
with  alcohol,  b^  which  the  salt  of  morphia,  together  with  osraazome  and 
some  salts,  is  dissolved.  The  alcohol  is  next  evaporated,  and  water  added 
to  separate  fatty  matter.  The  aqueous  solution  is  then  set  aside  for  sponta- 
neous evaporation,  daring  which  the  salt  of  morphia  is  generally  deposited 
in  crystals.  From  an  aqueous  solution  of  the  salt,  ammonia  throws  down  a 
crystalline  precipitate,  which  may  be  recognized  as  morphia  by  the  combi- 
nation of  the  following  characters : — By  the  figure  of  its  crystals ;  its  bitter 
taste;  solubility  in  alcohol;  alkalinity;  by  the  orange-red  tint  developed  by 
nitric  acid;  and  by  the  peculiar  action  of  iodic  acid.  The  last  cbarfHer  is 
particularly  valuable  in  distinoruishing  morphia  from  other  vegetable  "alka- 
lies: the  latter  combine  with  iodic  acid  and  form  iodates;  but  morphia  de- 
oomposes  iodic  acid,  and  sets  iodine  free,  which  may  then  be  detected  b^ 
starch.  A  grain  of  morphia  in  7000  grains  of  water  may  be  discovered  by 
this  test    (Serullas.) 

Salts  of  JtforpAta.— These  are  best  prepared  by  dissolving  pure  morphia 
in  dilute  acid,  and  evaporating  the  solution.  The  neutral  sulphate  crystal- 
lizes in  bunches  of  actcolar  crystals,  which  consist  of  one  equivalent  of 
morphia,  one  equivalent  of  acid,  and  six  equivalents  of  water :  on  drying  at 
248^,  four  equivalents  of  water  are  expelled ;  but  the  rest  of  the  water  can- 
not be  driven  off  without  decomposing  the  salt  itself,  and,  therefore,  seems 
essential  to  its  constitution.  The  water  lost  by  heat  is  absorbed  from  the 
atmosphere  as  the  sulphate  cools.     Morphia  also  forms  a  bisulphate. 

Hy drochlorate  of  morphia  may  be  generated  by  the  direct  action  of  hy- 
drochlorate  acid  gas  on  anhydrous  morphia  (Liebig),  by  dissolving  the 
alkali  in  dilute  hydrochloric  acid,  or  by  the  process  of  Greifory,  above  do- 
scribed.  It  commonly  crystallizes  in  turfs  of  acicular  crystals,  which  are 
neutral,  are  anhydrous,  and  contain  an  equivalent  of  acid  and  of  base. 

Acetate  of  morphia,  though  till  lately  much  employed  in  medical  prac- 
tice, is  less  convenient  for  that  purpose  than  the  hydrochloratc,  being  varia- 
ble  in  constitution.  To  procure  it  in  the  solid  state,  it  must  be  evaporated 
to  dryness,  and  in  this  process  some  of  its  acid  is  usually  expelled.  It  is 
deliquescent,  and  is  hence  with  difficulty  preserved  in  a  constant  state  of 
dryness ;  and  when  neutral  it  is  decomposed  by  water,  whereby  part  of  the 
morphia  is  rendered  insoluble.  In  fact,  the  best  mode  of  employing  the 
acetate  is  to  dissolve  given  weights  of  morphia  in  dilute  acetic  acid,  and 
preserve  it  in  that  form,  taking  care  that  the  acid  is  in  excess.  The  basis 
of  Battley*s  sedative  liquor  is  supposed  to  be  acetate  of  morphia. 

Narcotina. — ^This  substance  was  deseribed  in  1803  by  Derosne,  and  was 
long  called  the  salt  of  Deroene ;  Sertuerner  supposed  it  to  be  mcoonate  of 
morphia ;  but  Robiquet  proved  that  it  is  an  independent  principle,  and  ap- 
plied to  it  the  name  of  narcotine.    It  is  easily  prepared  by  digesting  the 
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aqaeoas  extract  of  opiam,  or  the  precipitate  by  ammoDia  from  the  aqueous 
infuaion,  in  lulpbaric  ether,  in  which  meoonate  of  morphia  and  morphia 
are  insoluble,  but  which  take  up  all  the  narcotina  and  depoeites  it  in  regular 
crystals  by  evaporation.  It  may  be  further  purified  by  animal  charcoal 
and  a  second  crystallization.  A  convenient  mode  of  separating  it  from 
morphia  without  sniphuric  ether,  suggested  by  Dr.  Robertson  in  the  essay 
above  cited,  is  to  boil  the  impure  morphia  in  water,  and  add  successive  por* 
tions  of  sal  ammoniac  as  long  as  ammonia  escapes :  the  morphia  at  a  boil- 
ing temperature  decomposes  that  salt,  and  the  resulting  hydrochlorate  of 
morphia  is  of  course  dissolved;  while  all  the  narcotina  is  left  in  a  pulveru- 
lent form.  Other  salts  of  morphia  may  be  made  in  like  manner  by  employ- 
ing a  corresponding  salt  of  ammonia.  This  fact,  of  the  decomposition  of 
ammoniacal  salts  by  morphia,  is  due  to  M.  Buisson,  who  finds  that  most  of 
the  vegetable  alkalies  in  general  possess  the  same  property  at  a  high  tem- 
perature. 

Narcotina  is  insoluble  in  cold  and  very  slightly  soluble  in  hot  water.  It 
dissolves  in  oil,  ether,  and  alcohol;  the  latter,  though  diluted,  acting  as  a 
solvent  for  it  by  the  aid  of  heat  It  is  not  alkaline  to  test  paper,  but  unites 
definitely  witli  hydrochloric  acid,  forming  a  salt  extremely  soluble  in  water, 
which  crystallizes  in  needles  from  an  alcoholic  solution.  Robiquet  also  ob- 
tained the  crystallized  sulphate.  Its  presence  in  the  aqueous  infusion  of 
opium  is  due  to  a  free  acid,  and  yet  uncombined  narcotina  is  dissolved  from 
crude  opium  by  sulphuric  ether :  it  acts  so  feebly  as  a  base,  that  it  is  sepa- 
rated from  its  acid  either  by  the  ether,  or  probably  by  the  force  of  crystal- 
lization. A  similar  cause  may  account  for  the  variable  composition  of  its 
salts,  the  equivalent  of  narcotina  having  been  estimated  from  the  hydrochlo- 
rate  at  319  by  Pelleticr,  at  560  by  Liebig,  and  at  408  by  Robiquet  (An.  de 
Ch.  et  de  Ph.  li.  231). 

Narcotina  acts  much  less  energetically  on  the  animal  economy  than  mor- 
phia. The  stimulating  action  of  opium  is  partly  ascribed  to  narcotina ;  and 
the  opinion  is  supported  by  the  experience  of  medical  practitioners,  who 
find  that  pure  morphia  acta  more  agreeably  and  safely  than  when  narcotina 
is  present. 

Codda, 

This  alkali  was  discovered  in  1832  by  Robiquet  in  hydrochlorate  of  mor- 
phia, made  by  Gregory *8  process  (An.  de  Ch.  et  de  Ph.  li.  259.)  It  appears 
that  hydrochlorate  of  codeia  crystallizes  along  with  the  salt  of  morphia,  and 
is  present  in  variable  quantity :  in  hydrochlorate  of  morphia  from  East- 
India  opium  Christiscn  obtained  1-I2th  of  hydrochlorate  of  codeia,  and  Gre- 
gory l.30th  from  the  hydrochlorate  prepared  with  Turkey  opium.  On  dis- 
solving the  mixed  hydrochlorates  in  water,  and  precipitating  the  morphia 
by  ammonia,  the  codeia  remains  in  solution,  and  crystallizes  by  subsequent 
evaporation.  On  dissolving  in  hot  ether,  it  is  obtained  by  spontaneous  evapo- 
ration in  acicular  crystals  or  flat  prisms,  which,  when  pure,  are  quite  co- 
lourless  and  transparent. 

Codeia  fuses  at  300°  without  decomposition,  and  at  a  high  temperature 
bums  with  flame  without  residue.  Water  at  60°  dissolves  li26  per  cent., 
3.7  at  110°,  and  5.9  at  212°.  When  more  of  it  is  present  than  boiling  wa- 
ter can  dissolve,  the  excess  fuses,  and  forms  a  stratum  of  an  oily  aspect  at 
the  bottom.  The  solution  is  distinctly  alkaline,  and  yields  neutral  salts  with 
alkalies,  some  of  which,  especially  the  nitrate,  crystallize  with  facility.  It  is 
distinguished  from  morphia  by  the  form  and  aspect  of  its  crystals,  greater 
solabmty  in  water,  solubility  in  boiling  ether,  insolubility  in  solutions  of  the 
pure  alkalies,  by  yielding  a  copious  precipitate  with  tincture  of  gall-nuts, 
and  not  being  reddened  by  nitric  acid.  Its  crystals  consist  of  263.87  parts  or 
one  eq.  of  codeia  and  18  or  two  eq.  of  water,  which  is  dissipated  at  212°. 
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Narceia. 


This  alkali  was  discovered  bj  Pelletier  in  1832  (An.  de  Ch.  et  de  Ph.  I 
253),  and  is  contained  in  the  aqueous  infusion  of  opium,  probably  in  combi- 
nation witli  meconic  acid.  Afler  precipitating  the  morphia  and  narcotina  by 
ammonia,  meconic  acid  by  pure  baryta,  and  the  excess  of  baryta  by  carbo- 
nate of  ammonia,  the  solution  is  boiled  to  expel  the  latter  salt,  and  then 
evaporated  to  the  consistence  of  syrup.  The  residue,  set  at  rest  for  some 
days  in  a  cool  place,  fields  crystals  which,  after  compression  in  linen  to  re- 
move adhcrin/^  liquid,  should  be  dissolved  in  boiling  strong  alcohol,  and  re- 
crystallized  by  evaporation.  The  residue  consists  of  narccia,  together  with 
some  narcotina,  meconin,  and  fatty  matter :  the  tiirce  last  are  taken  up,  by- 
digestion  in  sulphuric  ether,  in  which  the  narccia  is  insoluble.  It  is  puri- 
fi&i  by  crystallization  from  alcohol  or  water,  to  which  a  little  animal  char- 
coal  is  added. 

Pure  narccia  is  white,  and  crystallizes  in  needles  or  small  prisms.  It  is 
inodorous,  and  has  a  faint  bitter  taste,  with  slight  pungency.  It  fuses  at 
198^,  becomes  yellow  at  220°,  and  at  high  temperatures  is  decomposed, 
yielding  among  other  products  a  peculiar  volatile  acid.  It  is  soluble  in  375 
times  its  weight  of  cold  and  230  of  boiling  water,  and  dissolves  freely  in  hot 
alcohol,  but  it  is  insoluble  in  ether.  It  is  decomposed  by  the  stronger  acids, 
but  unites  with  them  when  diluted,  acting  as  a  feeble  alkali,  which  neu- 
tralizes acids  imperfectly,  though  some  of  its  salts  are  crystallizable.  Its 
salts,  with  the  stronger  acids  especially,  have  the  peculiarity  of  being  blue 
in  a  certain  degree  of  concentration,  and  on  adding  successive  quantities 
of  water,  the  colour  changes  to  violet  and  rose-red,  and  lastly  disappears. 
By  this  character,  added  to  its  light  fusibility,  and  the  action  of  solvents, 
it  is  distinguished  from  the  other  principles  with  which  it  is  associated  in 
opium.    Its  equivalent  has  not  been  determined. 

Cinchonia  and  Quinia, 

The  existence  of  a  distinct  vegetable  principle  in  cinchona  bark  was  in- 
fbrred  by  the  late  Dr.  Duncan  in  the  year  1803,  who  ascribed  to  it  the 
febrifuge  virtues  of  the  plant,  and  proposed  for  it  the  name  of  cinekonin 
(Nichotson^s  Journal,  1803).  Dr.  Gomez  of  Lisbon,  whose  attention  was 
directed  to  the  subject  by  the  researches  of  Dr.  Duncan,  succeeded  in  pro- 
curing cinchonin  in  a  separate  state;  but  its  alkaline  nature  was  first  dis- 
covered in  1820  by  Pelletier  and  Caventou  (An.  de  Ch.  et  de  Ph.  xv.)  It 
has  been  fully  established  by  the  labours  of  those  chemists  that  the  febri- 
fuge property  of  bark  is  possessed  by  two  alkalies,  the  cinchonia^  or  cin- 
chonin of  Dr.  Duncan,  and  quinia^  both  of  which  are  combined  with  kinie 
acid.  These  principles,  though  very  analogous,  are  distinctly  different, 
standing  in  the  same  relation  to  each  other  as  potassa  and  soda.  Cincho- 
nia exists  in  the  Cinchona  condaminea,  or  pale  bark ;  quinia,  often  with  a 
little  cinchonia,  is  present  in  C.  cordifolia,  or  yellow  bark ;  and  they  are 
both  contained  in  C.  oblongifolia^  or  red  bark.  One  of  the  easiest  pro- 
cesses for  preparing  them,  is  to  take  up  the  soluble  parts  of  the  bark  by 
hot  water  acidulated  with  hydrochloric  acid,  concentrate  the  solution,  and 
then  digest  with  successively  added  portions  of  slaked  lime,  until  the  liquid 
is  distinctly  alkaline.  The  precipitate  is  carefully  collected,  and  the  [vege- 
table alkali  separated  from  it  by  boiling  alcohol.  Slight  modifications  of 
the  method  have  been  proposed  by  Badotlier  and  Voreton.  From  one  pound 
of  yellow  bark,  Voreton  procured  80  grains  of  quinia,  which  is  nearly  1.4 
per  cent.  (An.  de  Ch.  et  de  Ph.  xvii)  ;  but  the  quantity  obtained  firom  difier- 
ent  varieties  of  bark  is  very  variable. 

Cinchania, — Pure  cinchonia  crystallizes  in  colourless  quadrilateral  prisms, 
which  are  anhydrous,  require  2500  times  their  weight  of  boiling  water  for 
solution,  and  are  insoluble  in  cold  water.    Its  proper  menstruum  is  boiling 
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ttlcohol ;  bat  it  u  dissdyed  in  small  quantity  by  oils  and  ether.  Its  taste  is 
bitter,  thoneh  slow  in  being  perceived,  on  account  of  its  insolubility ;  but 
when  the  idkali  is  dissolved  by  alcohol  or  an  acid,  the  bitterness  is  very 
powerful,  and  accompanied  by  the  flavour  of  cinchona  bark.  Its  alkaline 
properties  are  exceedingly  well  marked,  since  it  neutralizes  the  strongest 
acids.  The  sulphate,  hydrochlorate,  nitrate,  and  acetate  of  cinchonia  are 
soluble  in  water,  and  the  snlphate  crystallizes  in  very  short  siz-sided  prisms 
derived  from  an  oblique  rhomboidal  prism.  It  commonly  occurs  in  twin 
crystals ;  and  is  composed  of  156.55  parts  or  one  eq.  of  cinchonia,  40.1 
parts  or  one  eq.  of  sulphuric  acid,  and  36  parts  or  four  ^.  of  water.  It 
effloresces  in  a  dry  air,  and  gives  out  all  its  water  when  moderately  heated. 
Cinchonia  forms  a  disulpbate,  which  is  much  less  soluble  than  the  neutral 
sulphate.  The  hydrochlorate  is  composed  of  single  equivalents  of  base  and 
acid,  fuses  at  212^,  is  readily  soluble  in  water  and  alcohol,  and  crystallizes 
in  shining  acicular  crystals.  The  neutral  tartrate,  oxalate,  and  gollate  of 
cinchonia  are  insoluble  in  cold,  but  soluble  in  hot  water,  as  well  as  in  al. 
cohol. 

Quinia  or  Quinine, — ^This  alkali  is  precipitated  from  its  solution  by  alka- 
lies in  white  flocks,  which  do  not  assume  a  crystalline  appearance  like  cin. 
chonia;  and  it  crystallizes  imperfectly  even  from  an  alcoholic  solution.  It 
is  very  soluble  in  alcohol,  forming  a  solution  which  is  intensely  bitter,  and 
possesses  a  distinct  alkaline  reaction.  Ether  likewise  dissolves  it,  but  it 
is  almost  insoluble  in  water.  Its  febrifuge  virtues  are  more  powerful  than 
those  of  cinchonia,  and  it  is  now  extensively  employed  in  the  practice  of 
medicine. 

The  most  important  of  the  salts  of  quinia  is  the  disulpbate,  which  is 
made  in  large  quantity  for  medical  purposes.  This  compound  crystallizes 
in  delicate  white  needles,  having  the  appearance  of  amianthus,  has  a  very 
bitter  taste,  and  is  less  soluble  in  water  than  sulphate  of  cinchonia.  It 
is  freely  dissolved  by  boiling  alcohol,  and  is  neutral  to  test  paper.  It  is  com- 
posed  of  329.1  parts  or  two  eq.  of  quinia,  40.1  or  one  eq.  of  sulphuric  acid, 
and  90  or  ten  eq.  of  water :  when  dried  at  248<^,  it  abandons  eight  equiva- 
lents of  water,  and  retains  the  remainder  until  the  salt  itself  is  decomposed. 

The  sulphate  of  neutral  composition  is  aeid  to  test  paper,  and  crystallizes 
in  transparent  square  prisms,  which  effloresce  in  a  dry  air,  and  contain 
24.66  per  cent  of  water,  corresponding  nearly  to  six  eq.  of  water.  This  ^alt 
is  much  more  soluMe  than  the  disulpbate.  The  neutral  gallate,  tartrate, 
and  oxalate  of  quinia,  like  the  analogous  salts  of  cinchonia,  are  insoluble 
in  cold  water. 

From  the  new  facts  which  have  been  ascertained  relative  to  the  const!- 
tnents  of  bark,  the  action  of  chemical  tests  on  a  decoction  of  tliis  substance 
is  now  explicable.  According  to  the  analysis  of  Pelleticr  and  Caventou,  the 
different  kinds  of  Peruvian  bark,  besides  the  kinate  of  cinchonia  or  quinia, 
contain  the  following  substances : — ^a  greenish  fatty  matter ;  a  red  insoluble 
matter ;  a  red  soluble  principle,  which  is  a  variety  of  tannic  acid ;  a  yel- 
low  colouring  matter ;  kinate  of  lime ;  gum,  starch,  and  lignin.  It  is  hence 
apparent  that  a  decoction  of  bark,  owing  to  the  tannic  acid  which  it  con- 
tains,  may  precipitate  a  solution  of  tartar  emetic,  of  gelatin,  or  a  salt  of  iron, 
without  containing  a  trace  of  vegetable  alkali,  and  consequently  without 
possessing  any  febrifuge  virtues.  An  infusion  of  gall-nuts,  on  the  contrary, 
causes  a  precipitate  only  by  its  gallic  acid  uniting  with  cinchonia  or  quinia, 
and,  therefore,  affords  a  test  for  distinguishing  a  good  from  an  inert  variety 
of  bark. 

Sulphate  of  quinia,  from  its  commercial  value,  is  frequently  adulterated. 
The  substances  commonly  employed  for  the  purpose  are  water,  sugar,  gum, 
starch,  ammoniacal  salts,  and  earthy  salts,  such  as  sulphate  of  lime  and 
magnesia,  or  acetate  of  lime.  Pure  sulphate  of  quinia,  when  deprived  of  its 
water  of  crystallization  by  a  heat  of  212^,  should  lose  only  from  8  to  10  per 
cent,  of  water.    Sugar  may  be  detected  by  dissolving  the  suspected  salt  in 
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water,  and  adding  ynamHj  ao  much  earbonata  of  poUMa  aa  will  precipi^ 
tate  the  qninia.  The  taate  of  the  sunr,  no  bnger  obscured  by  the  m- 
tense  bitter  of  the  qoiniay  will  generaUj  be  perceived ;  and  it  may  be  icpa» 
rated  from  the  aulphate  of  potusa,  by  eraporating  gently  to  dryness,  and 
diasolying  the  sugar  by  boiling  aloohd.  6am  and  starch  are  left  when 
the  impure  sulphate  oTquinia  is  digested  in  strong  aloobol.  Ammoniacal 
salts  are  discovered  by  the  strong  odour  of  ammonia,  which  may  be  ob- 
served  when  the  sulphate  is  put  into  a  warm  solution  of  potassa.  £arthy 
salts  may  be  detected  by  burning  a  portion  of  the  sulphata  Several  of  the 
preoediDg  directions  are  taken  from  a  paper  on  the  subject  by  Mr.  Phillips. 
(PhiL  Mag.  and  Ann.  iiL  111.) 

ilrictna^— This  alkali  was  observed  by  Pelletier  and  Corriol  in  1829  in  a 
sample  of  cinchona  bark  which  had  been  substituted  for  the  ordinary  kinds 
of  bark,  and  is  very  analogous  to  cinchonia  and  quinia  in  its  properties. 
By  reference  to  the  table  at  page  524,  it  will  be  seen  that  these  three  alka- 
lies have  such  an  analogy  or  composition,  that  they  may  be  viewed  as 
oxides  of  the  same  compound  radical,  the  formula  of  which  is  OoH^'N^. 
(An.  de  Ch.  et  de  Ph.  IL  186.) 

Strychnia  and  Srucia, 

Stryekfua. — Strychnia  was  discovered  in  1818  by  Pelletier  and  CavenUm 
in  the  fruit  of  the  Shrychnot  igruUia  and  Stryehnat  nux  vomica,  and  has 
since  been  extracted  by  the  same  chemists  from  the  Upas.  (An.  de  Ch.  et  de 
Ph.  X.  and  xxvi.) 

The  most  economical  process  for  preparing  this  alkali  is  that  recom- 
mended by  M.  Corriol.  (Journal  de  Pharmacie  for  October  1825,  p.  492.) 
It  consists  in  treating  nux  vomiea  with  successive  portions  of  cold  water, 
evaporating  the  solution  to  the  consistence  pf  syrup,  and  precipitating  the 
gum  by  alcohol.  The  alcoholic  solution  is  then  evaporated  to  the  oonaiflt^ 
ence  of  an  extract  b^  the  heat  of  a  water-bath.  The  extract,  which  cooasts 
almost  entirely  of  igasurate  of  strychnia,  is  dissolved  by  cold  water,  and 
by  this  means  deprived  of  a  little  fatty  matter,  which  had  originally  been 
dissolved,  probably  through  the  medium  of  the  gum.  The  solution  is  next 
heated,  and  the  strvchnia  precipitated  by  a  slight  excess  of  lime-water,  and 
then  dissolved  by  boiling  alcohol.  On  evaporating  the  spirit,  the  alkali  is 
obtained  pure  except  in  containing  a  little  brucia  and  colouring  matter, 
both  of  which  are  effectually  removed  by  maceration  in  dilute  alc<»oL 

Strychnia  is  very  soluble  in  boiling  alcohol,  and  is  procured  in  minute 
fbnr-sided  prisms  by  allowing  the  solution  to  evaporate  spontaneonsly.  In 
this  state  it  is  anhydrous.  It  is  almost  insoluble  in  water,  requiring  more 
than  6000  parts  of  cold  and  2500  of  boiling  water  for  solution ;  but  not- 
withstanding its  sparing  solubility,  it  excites  an  insupportable  bitter- 
ness  in  the  mouth.-*-Water  containing  only  1.600,000th  of  iU  weight  of 
strychnia  has  a  bitter  taste.  It  has  a  distinct  alkaline  reaction,  and  neu- 
tralizes acids,  forming  salts,  most  of  which  are  soluble  in  water.  It  is 
united  in  the  nux  vomica  and  St  Ignatius*s  bean  with  igasuric  acid  (page 
520).  By  the  action  of  strong  nitric  acid  it  jrields  a  red  colour  {  but  it  ap. 
pears  from  some  observations  of  Pelletier  and  Caventou,  that  the  red  tint  is 
owing  to  the  presence  of  some  impurity,  which  is  probably  brucia. 

Strychnia  is  <me  of  the  most  virulent  poisons  hitherto  discovered,  and 
is  the  poisonous  principle  of  the  substance  in  which  it  is  contained.  Its 
energy  is  so  great,  that  half  a  grain  blown  into  the  throat  of  a  rabbit  occa- 
aioned  death  in  the  course  of  five  minutes.  Its  operation  is  always  acoom- 
panied  with  symptoms  of  locked  jaw  and  other  tetanic  afiections. 

Hydrochlorate  of  strychnia  is  a  soluble  neutral  sak,  which  crystallixes 
readily  in  tufb  of  minute  quadrilateral  prisms  or  needles.  It  consists  of 
237.75  parts  or  one  eq.  of  base  and  36.42  or  one  eq.  of  acid.  The  neu^ 
tral  sulphate  crystallizes  in  small  transparent  cubes,  which  consist  of  single 
equivalents  of  base  and  acid,  united  with  three  eq.  of  water.  The  salt  when 
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heated  futea  in  its  water  of  cryitallization,  and  is  rendered  anhydrous.    It 
requires  ten  times  its  weight  of  water  for  solution. 

nrueia. — ^This  alkali  was  discovered  in  the  Brueea  antidysenterica  by 
Pelletier  and  Cavcntou,  soon  afler  their  discovery  of  strychnia  (An.  de  Ch. 
et  de  Ph.  zii.) ;  and  it  likewise  exists  in  small  quantity  in  the  St.  Ignatiu8*B 
bean  and  nux  foomica.  In  its  bitter  taste  and  poisonous  qualities,  it  is  very 
Biroilar  to  strychnia,  but  is  twelve  or  sixteen  times  less  energetic.  It  is  so- 
luble both  in  hot  and  cold  alcohol,  especially  in  the  former ;  and  it  crystal- 
lizes  when  its  solution  is  evaporated.  Ite  crystals  dried  at  240<^  lose  about 
19  per  cent  of  water,  and  are  hence  composed  of  275.99  parts  or  one  eq.  of 
the  acid  to  72  parte  or  eight  eq.  of  water.  Even  dilute  alcohol  by  aid  of 
heat  dissolves  brucia,  and  on  this  property  is  founded  the  method  of  sepa- 
rating it  from  strychnia.  It  is  more  soluble  in  water  than  most  of  the 
other  vegetable  alkalies,  requiring  only  850  times  ite  weight  of  cold,  and 
500  of  boiling  water  for  solution.  With  nitric  acid  it  acquires  a  deep 
hlood-red  colour,  which  afterwards  passes  into  yellow ;  and  when  either  of 
these  changes  has  tekcn  place,  the  addition  of  protochloride  of  tin  pro- 
duces a  pretty  violet  tint,  and  a  precipitete  of  the  same  colour  subsides. 

Verairia,  Emeiia,  Picrotoxia^  Cort/dalia,  Solania,  fyc. 

Veratria* — ^The  medicinal  properties  of  the  seeds  of  the  Veratrwn  taba- 
diUa,  and  of  the  root  of  the  Veratrum  aVmm^  or  white  hellebore,  and  Cul- 
ehium  autumnale  or  meadow  saffron,  are  owing  to  the  peculiar  alkaline 
principle  verattia^  which  was  discovered  by  Pelletier  and  Caventou  in  1819 
(Joum.  de  Pharm.  vi.).  To  a  decoction  of  the  bruised  seeds  of  the  Veratrum 
sabadilla  add  aceUte  of  oxide  of  lead  as  long  as  a  precipitate  falls,  by 
which  means  extractive  matter  is  thrown  down :  the  filtered  solution  is  de- 
prived of  lead  by  hydrusulphuric  acid,  the  excess  of  the  gas  expelled  by 
neat,  and  the  solution  boiled  with  magnesia  or  slaked  lime  until  it  is  ren- 
dered  alkaline.  The  precipitete  colfected,  dried,  and  boiled  in  alcohol, 
yields  a  solution  of  veratria,  which  may  be  decolorized  by  digestion  with 
animal  charcoal,  and  be  obtained  by  evaporation.  It  may  be  procured  from 
the  roote  of  the  two  other  plante  by  a  similar  process.  This  alkali,  which 
appears  to  exist  in  those  plante  in  combination  with  gallic  acid,  is  white 
and  pulverulent,  has  not  been  obtained  in  crystals,  fuses  at  280^,  is  in- 
odorous, and  of  an  acrid  taste.  It  requires  1000  times  Ito  weight  of  boiling, 
and  still  more  of  cold  water  for  solution.  It  is  very  soluble  in  alcohol,  and 
may  also  be  dissolved,  though  less  readily,  b^  means  of  ether.  It  has  an 
alkaline  reaction,  and  neutralizes  acids ;  but  it  is  a  weaker  base  than  mor- 
phia, quinia,  or  strychnia.  It  acta  with  singular  energy  on  the  membrane 
of  the  nose,  exciting  violent  sneezings  though  in  very  minute  quantity. 
When  taken  internuly  in  very  small  doses,  it  produces  excessive  irritation 
of  the  mucous  coat  of  the  stomach  and  intestines ;  and  a  few  grains  were 
found  to  be  fatal  to  the  lower  animals. 

M.  Couerbe  has  prepared  (he  sulphate  and  hydrochlorate  in  crystals, 
and  determined  the  probable  equivalent  of  veratria  as  given  at  page  524. 
(An.  de  Ch.  et  de  Ph.  lii.  376.) 

EmUia. — Ipecacuanha  consiste  of  an  oily  matter,  gum,  starch,  lignin, 
and  a  peculiar  principle,  which  was  discovered  in  1817  by  Pelletier,  and  to 
which  he  has  applied  the  name  of  emetine,  (Journal  de  Pharmacie,  iii.)  In 
order  to  extract  this  alkali,  the  oily  matter  is  first  removed  by  di^tinr 
the  powdered  root  in  ether,  and  the  emetia  is  next  taken  up  by  boihng  a£ 
oohol,  which  is  diluted  with  water,  and  the  spirit  expelled  by  distillation. 
Some  more  fatty  matter  is  thus  separated :  the  emetia  is  then  thrown  down 
by  boiling  the  aqueous  solution  with  magnesia.  It  may  be  decolorized  by 
animal  charcoal  in  the  usual  manner.  Emetia,  of  which  ipecacuanha  con* 
tains  16  per  cent,  appears  to  be  the  sole  cause  of  the  emetic  properties  of 
that  root 

Emetia  is  a  i^te  pukerulent  substance,  of  a  rather  bitter  and  disagieO' 
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able  taste,  sparingly  soluble  in  cold,  but  more  freely  in  hot  water,  and  in- 
soluble in  ether.  It  is  readily  dissolved  by  alcohol.  At  122°  it  fuses.  It 
,  has  a  distinct  alkaline  reaction,  and  neutralizes  acids ;  but  its  salts  are  little 
disposed  to  crystallize.  (An.  de  Ch.  et  de  Ph.  xxlv,  181.) 

Picrotoxia. — The  bitter  poisonous  principle  of  Cocculus  indicu$  ¥ni»  disco- 
vered in  1819  by  M.  BouJIay,  who  ^ave  it  the  name  o^  picrotoxine.  Its 
claim  to  the  title  of  a  vegetable  alkali,  among  which  class  of  bodies  it  was 
placed  by  its  discoverer,  has  been  called  in  question  by  M.  Cassaseca,  from 
wliose  remarks  it  seems  that  picrotoxia  has  no  alkaline  reaction,  and  does 
not  neutralize  acidity.  It  combines,  however,  with  acids,  and  with  the  acetic 
and  nitric  acids  forms  crystallizable  compounds.  According  to  Oppermann 
100  parts  of  picrotoxia  contain  of  carbon  61.434,  hydrogen  6.11,  and  oxy- 
gen 32.456.  It  appears,  also,  that  the  menispcrmic  acid,  supposed  by  In. 
Boullay  to  be  united  in  Cocculua  indicua  with  picrotoxia,  is  merely  a  inix» 
ture  of  sulphuric  and  malic  acids.  (Edinburgh  Journal  of  Science,  y.) 

Corydalia. — This  alkali,  discovered  by  Dr.  Wackenroder,  is  contained  in 
the  root  of  the  fumitory,  (not  the  common  fumitory,  Fumaria  officinalis^ 
but)  Fumaria  caioa  and  Corydalia  tuberosa  of  Decandolle.  It  exists  in  the 
plant  as  a  soluble  malate,  is  precipitated  from  its  aqueous  solution  by  mag- 
nesia, and  is  purified  by  alcohol. 

It  is  soluble  in  alcohol,  and  the  hot  saturated  sohition  in  cooling  yields 
colourless  prismatic  crystals  of  a  line  in  length.  By  spontaneous  evapora- 
tion fine  laminsB  are  formed.  It  is  likewise  soluble  in  ether,  but  very 
sparingly  in  water.  It  is  insipid  and  inodorous;  but  when  dissolved  by 
acids  or  alcohol  it  is  very  bitter.  Its  solution  has  an  alkaline  reaction,  and 
it  neutralizes  acids.  Cold  dilute  nitric  acid  dissolves  it  and  yields  a  colour- 
less solution ;  but  when  heated  it  acquires  a  red  tint,  and  becomes  blood-red 
when  concentrated.  Its  salts  arc  precipitated  by  potassa,  pure  or  car- 
bonated, and  by  infusion  of  gall-nuts.  The  precipitate  is  white  when  the 
solution  is  dilute,  and  grayish -yellow  if  concentrated.  (Phil.  Mag.  and  An. 
iv.  153.) 

Solania, — ^Thc  active  principle  of  the  Solanum  dulcamara^  or  woody 
nightshade,  was  procured  in  a  pure  state  by  Desfbsses ;  and  the  same  alkalL 
exists  in  other  species  of  solanum.  Solania  is  combined  in  the  plant  with 
malic  acid,  and  is  thrown  down  of  a  gray  colour  by  ammonia  from  the  ex- 
pressed and  filtered  juice  of  the  ripe  berries.  Afler  being  well  washed  and 
dried,  it  is  purified  by  solution  in  hot  alcohol,  from  which  by  slow  evapora- 
tion it  is  deposited  as  a  white  powder  with  a  pearly  lustre.  It  is  insoluble 
in  cold  water,  and  requires  8000  times  its  weight  of  hot  water  for  solution. 
Alcohol  is  its  proper  menstruum:  it  is  sparingly  dissolved  by  ether,  and  is 
insoluble  in  oil.  It  has  a  distinct  alkaline  reaction,  and  with  acids  forma 
neutral  salu,  which  have  a  bitter  taste.    (Journ.  de  Pharin.  vi.  and  vii.) 

Cynopia, — Professor  Ficinus  of  Dresden  has  discovered  a  new  alkali  in 
the  jEihuaa  Cynapium,  or  lesser  hemlock,  to  which  he  has  given  the  name 
of  Cynopia,  it  is  crystallizable,  and  soluble  in  water  and  alcohol,  but  not 
in  ether.  The  crystals  are  in  the  form  of  a  rhombic  prism,  which  is  also 
that  of  the  crystals  of  the  sulphate. 

Delphia, — This  substance  was  discovered  about  the  same  time  by  Fe- 
neuille  and  Lassaigne  in  France,  and  Brandes  in  Germany,  in  the  seeds  of 
the  Delphinium  Staphyaagria  or  Staveaacre.  It  is  easily  prepared  by  digest- 
ing the  seeds  in  water  acidulated  with  sulphuric  acid,  and  precipitating  l^ 
magnesia  or  other  alkaline  substance.  It  is  then  purified  in  the  usual  man* 
ner  by  solution  in  alcohol  and  digestion  with  animal  charcoal  It  is  left  by 
evaporation  as  a  white  crystalline  powder,  which  is  almost  insoluble  in 
water,  but  is  dissolved  by  alcohol,  ether,  and  the  oils.  It  has  a  feeble  alka- 
line reaction,  and  yields  neutral  salts  of  a  bitter  taste,  but  which  rarely 
crystallize.   (An.  de  Ch.  et  de  Ph.  xii.  and  Hi.  364.) 

AUhea  was  announced  by  M.  Bacon  of  Caen  as  a  new  vegetable  alkali, 
■aid  to  be  procured  from  the  root  of  the  marsh-mallow  (Althsea  Officinalis). 
According  to  M.  Plisson  this  alkali  has  no  ezisteooe^  and  what  was  thov^ht 
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to  be  tupermalate  of  altbea  is  aspara^D.  From  the  experiments  of  Witt- 
stock  it  appears  that  the  asparagin  found  by  Plision  does  not  ejdst  in  the 
plant  itself:  the  aqueous  solution  of  the  manh-mallow  contains  sugar,  a 
mucilaginous  matter,  and  a  peculiar  vegetable  acid  containing  nitrogen, 
which  IS  united  with  magnesia;  and  by  the  mutual  action  of  Uiese  inm- 
dients  of  the  sdotion,  the  asparagin  or  uthein  is  generated.  (Pog.  Annuen, 
XL.  346.) 

Sanguinaria  is  a  vegetable  alkali,  obtained  by  M.  Dana  from  the  San- 
guinaria  Canadensis^  called  Uood-root  in  America,  from  the  red  colour  of 
Its  juice.  The  powdwed  root  is  digested  in  pure  alcohol,  and  the  red  solu- 
tion mixed  with  a  little  ammonia  is  poured  into  water,  when  a  brown  matter 
subsides.  After  washing  carefully,  and  removing  colouring  matter  by  ani- 
mal charcoal,  the  alkali  is  removed  by  hot  alcohol,  and  obtained  by  evapora. 
tion  as  a  pearly  white  matter  of  an  acrid  taste  and  alkaline  reaction.  By 
exposure  to  air  it  becomes  yellow.  It  is  insoluble  in  water,  but  is  dissolved 
by  alcohol  and  ether.  Us  salts  have  a  red  colour.  (PhiL  Mag.  and  An. 
V.  151.) 

JVfCOltn««— This  alkali  was  extracted  by  MM.  Posselt  and  Reimann  from 
the  leaves  of  tobacco,  and  also  exists  In  the  seeds.  At  common  tempera- 
tures, and  even  at  21°,  It  is  a  liquid,  usually  of  a  yellow  tint,  but  colourless 
and  transparent  when  pure ;  it  has  a  pungent  odour  like  that  of  tobacco, 
and  an  acrid  burning  taste  which  lasts  a  lon^  time.  It  is  highly  poisonous, 
a  single  drop  being  ntal  to  a  dog.  It  rises  m  vapour  at  21  §^,  and  boils  at 
475°,  but  is  decomposed  at  the  same  time.  Water  dissolves  it  in  all  proper- 
tions,  and  it  is  very  soluble  in  ether,  which  withdraws  it  from  its  aqueous 
solution.  It  has  a  distinct  alkaline  reaction,  and  forms  with  acids  neutral 
salts,  several  of  which  are  crystallizable. 

Besides  the  vegetable  alkalies,  already  described,  it  has  been  rendered 
highly  probable,  chiefly  by  the  researches  of  M.  Brandos,  that  several  other 
plants,  such  as  the  Atropa  belladonna^  Conium  maculatum^  Hyo$eyamu9 
nigeVf  Datura  ttramonium,  and  Digitalis,  owe  their  activity  to  the  presence 
of  an  alkali.  Vauquelin  rendered  it  probable  that  an  alkali  is  contained  in 
the  Daphne  mezereum,  to  which,  if  it  exist,  the  name  of  daphnja  may  be 
applied. 


SECTION  III. 

NEUTRAL  SUBSTANCES,  THE  OXYGEN  AND  HYWIOGEN  OF 
WHICH  ARE  IN  THE  SAME  RATIO  AS  IN  WATER. 

Tm  substances  contained  in  this  section  are  remarkaUe  for  a  close  re- 
semblance in  the  ratio  of  their  elements.  They  may  be  viewed,  like  several 
of  the  vegetable  acids  (page  497),  as  hydrates  of  carbon ;  though  in  all 
probabiliu  their  elements  are  combined  with  each  other  in  a  very  different 
order.  The  proportions  in  which  the^  unite  with  other  bodies  is  so  imper- 
fectly known,  that  their  atomic  constitution  has  not  been  satisfactorily  de- 
termined.   Their  composition,  stated  in  100  parts,  is  as  follows:— 

Carbon.  Hydrogen.  Oxygen.            Analyzed  by 

Pure  cane  sugar  42.85  6.35           50.8  Prout. 

Mannite                38.7  6.8              54.5  Do. 

Wheat  starch       43.55  6.77            49.68  Gay-Lussac  and  Thenard. 

Potato  starch        44J25  6.67            49.08  Berxelius. 

Gum-arabic          42.23  6.93            50.84  Gay-Lussac  and  Thenard. 

Lignin         .        51.45  5.82           42,73  Gay-Lussac  and  Thenard. 

45» 
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Sugar. 

Sugar  U  an  abundant  vegetable  product,  existing  in  a  great  many  ripe 
fruits,  though  few  of  them  contain  it  in  sufficient  quantity  for  being  coUectp 
ed.  The  juice  which  flows  from  incisions  made  in  the  trunk  of  the  AmerEp 
can  maple  tree,  is  so  powerfully  saccharine  that  it  may  be  applied  to  useful 
purposes.  Sugar  was  prepared  in  France  and  Germany  during  the  late  war 
from  the  beoUroot;  and  this  manufacture  is  at  present  carried  on  in  France 
on  a  scale  of  considerable  magnitude.  Proust  extracted  it  in  Spain  from 
grapes.  But  most  of  the  sugar  at  present  used  in  Europe  is  obtained  from 
the  sugar-cane  {Arundo  Boccharifera),  which  contains  it  in  a  greater  quan- 
tity than  B.ny  other  plant.  The  process,  as  practised  in  our  West  India 
Islands,  consists  in  evaporating  the  juice  of  the  ripe  cane  by  a  moderate 
and  cautious  ebullition,  until  it  has  attained  a  proper  degree  of  consistence 
for  crystallizing.  During  this  operation  lime-water  is  added,  pertly  for  the 
purpose  of  neutralizing  free  acid,  and  partly  to  facilitate  the  separation  of 
extractive  and  other  vegctahle  matters,  which  unite  with  the  lime  and  rise 
as  a  scum  to  the  surface.  When  the  syrup  is  sufficiently  concentrated,  it  is 
drawn  off  into  shallow  wooden  coolers,  where  it  becomes  a  soil  solid  com- 
posed of  loose  crystalline  grains.  It  is  then  put  into  barrels  with  holes  in 
the  bottom,  tlirough  which  a  black  ropy  juice,  called  molasses  or  treacle, 

Sradually  drops,  leaving  the  crystallized  sugar  comparatively  white  and  dry. 
n  this  state  it  constitutes  raw  or  muscovado  sugar. 
Raw  sugar  is  further  purified  by  boiling  a  solution  of  it  with  white  of 
eggs,  or  the  serum  of  bplIock*s  blood,  lime-water  being  generally  emplo3red 
at  the  same  time.  When  properly  concentrated,  the  clarified  juice  is  re- 
ceived in  conical  earthen  vessels,  the  apex  of  which  is  undermost,  in  order 
that  the  fluid  parts  may  collect  there,  and  be  afterwards  drawn  off  by  the 
removal  of  a  plug.  In  this  state  it  is  loaf  or  refined  sugar.  In  the  process 
of  refining  sugar,  it  is  important  to  concentrate  the  syrup  at  a  low  tempera- 
ture ;  and  on  this  account  a  very  great  improvement  was  introduced  some 
years  ago  by  conducting  the  evaporation  in  vacuo. 

Pure  sugar  is  solid,  white,  inodorous,  and  of  a  very  agreeable  taste.  It 
is  hard  and  brittle,  and  when  two  pieces  are  rubbed  against  each  other  in 
the  dark,  phosphorescence  is  observed.  It  crystallizes  in  the  form  of  four  or 
six-sided  prisms  bevelled  at  the  extremities.  The  crystals  are  best  made  by 
fixing  threads  in  syrup,  which  is  allowed  to  evaporate  spontaneouslv  in  a 
warm  room;  and  the  crystallization  is  promoted  by  adding  spirit  of^ wine. 
In  this  state  it  is  known  by  the  name  of  9ugar-candy, 

Sugar  undergoes  no  change  on  exposure  to  the  air ;  for  the  deliquescent 
property  of  raw  sugar  is  owing  to  impurities.  It  is  soluble  in  an  equal 
weight  of  cold,  and  to  almost  any  extent  in  hot  water.  It  is  soluble  in  about 
four  times  its  weight  of  boiling  alcohol,  and  the  saturated  solution,  by  cool- 
ing and  spontaneous  evaporation,  deposites  large  crystals.  When  the 
aqueous  solution  of  sugar  is  mixed  with  yeast,  it  undergoes  the  vinous  fer- 
mentation, the  theory  of  which  will  be  explained  in  a  subsequent  section- 
Sugar  unites  with  the  alkalies  and  alkaline  earths,  forming  compounds  in 
.  which  the  taste  of  the  sugar  is  greatly  injured ;  but  it  may  be  obtained 
again  unchanged  by  neutralizing  with  sulfmuric  acid,  and  dissolving  the 
sugar  in  alcohol.  When  boiled  with  oxide  of  lead,  it  forms  an  instable 
compound,  which  consists  of  58.36  parts  of  oxide  of  lead,  and  41.74  parts 
of  sugar  (Berzelius) ;  but  it  is  not  precipitated  by  acetate  or  subacetate  of 
oxide  of  lead. 

Sulphuric  acid  decomposes  sugar  with  deposition  of  charcoal ;  and  nitric 

acid  causes  the  production  of  oxi^c  acid,  as  already  described  in  a  former 

section.   The  vegetable  acids  diminish  the  tendency  of  sugar  to  crystallise. 

Sugar  is  very  easily  affected  by  heat,  acquiring  a  dark  colour  and  burned 

flavour.    At  a  high  temperature  it  yields  the  usual  producU  of  the  destrac- 
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tive  disiillation  of  vegetable  matter,  together  with  a  considerable  quantity 
of  pyromucic  acid. 

Suffar  as  obtained  from  different  sources  varies  somewhat  in  coropositioo. 
The  largest  quantity  of  carbon  was  found  by  Prout  in  cane  sugar  as  exem- 
plified in  sugar-candy  and  the  best  loaf-sugar,  dried  at  212°,  which  contain 
42.85  per  cent. ;  while  sugar  from  honey  contains  only  36.36  per  cent,  of 
carbon.  He  considers  the  sugar  from  starch,  diabetic  urine,  and  grapes,  to 
be  nearly  the  same  as  that  from  honey.  The  sugar  from  the  maple-tree  and 
the  beet- root  corresponds  with  cane  sugar ;  but  the  qnantitv  of  carbon  in 
these  varieties  appears  to  vary  from  40  to  42.85  percent  (Phil. Trans.  1827.) 
If  su^ar  with  40  per  cent  of  carbon  be  taken  as  standard  sugar,  we  may 
consider  sugar  as  containing  carbon,  hydrogen,  and  oxygen  in  the  ratio  of 
their  equivalents. 

MolaBses. — The  saccharine  principle  of  treacle  has  been  supposed  to  be 
different  from  crystallizable  sugar;  but  it  chiefly  consists  of  common  sugar, 
which  is  prevented  from  crystalliung  by  the  presence  of  foreign  substances, 
•uch  as  saline,  acid,  and  other  vegetable  matters. 

Sugar  of  Grapes, — ^Tbe  sugar  procured  from  the  grape  has  the  essential 
properties  of  cane  sugar,  though  not  quite  so  sweet ;  and  it  contains  rather 
icBs  carbon.  The  saosharine  principle  of  the  acidulous  fruits  has  not  boea 
particularly  examined.  It  is  obtained  with  difficulty  in  a  pure  state,  owing 
to  the  presence  of  vegetable  acids,  which  prevent  it  from  crystallizing. 

A  saccharine  substance  similar  to  that  fronr  grapes  may  be  procured  from 
several  vegetable  principles,  such  as  starch  and  the  ligneous  fibre,  by  the  ac- 
tion of  sulphuric  acid. 

Honey, — ^According  to  Proust,  honey  consists  of  two  kinds  of  saccharine 
matter,  one  of  which  crystallizes  readily  and  is  analogous  to  common  sugar, 
while  the  otlier  is  uncrystallizable.  They  may  be  separated  by  mixing 
hoQey  with  alcohol,  and  pressing  the  solution  through  a  piece  of  linen.  The 
liquid  sugar  is  removed,  and  tlie  crystalUtoble  portion  is  lefl  in  a  solid  state. 
Besides  sugar  it  contains  mucilaginous,  colouring,  and  odoriferous  matter, 
and  probably  a  vegetable  acid.  Diluted  with  water,  honey  is  susceptible  of 
the  vinous  fermentation  without  the  addition  of  yeast 

The  natural  history  of  honey  is  as  vet  imperrect  It  is  uncertain  whether 
hooey  is  merely  collected  by  the  bee  from  the  nectaries  of  flowers,  and  then 
deposited  in  the  hive  unchanged,  or  whether  the  eaccharine  matter  of  the 
flower  does  not  undergo  some  change  in  the  body  of  the  animaL 

Manna. — This  saccharine  matter  is  the  concrete  juice  of  several  species 
of  ash,  and  is  procm^d  in  particular  from  the  Fraxinus  onitts.  The  sweet, 
ness  of  manna  is  owin^«  not  to  su^,  but  to  a  distinct  principle,  called  nuiA. 
mte,  which  is  mixed  with  a  peculiar. vegetable  extractive  matter.  Manna  is 
soluble  both  in  water  and  boiling  alcohol,  and  the  latter,  on  cooling,  depo- 
sitee pure  mannito  in  the  form  of  minute  acicular  crystals,  which  are  oflea 
arranged  in  concentric  groups.  Mannite  differs  from  sugar,  in  not  ferment- 
ing when  mixed  with  water  and  yeast 

Sugar  fif  Liqueriee^r^The  root  of  the  Glycyrrhiza  glabra^  as  also  the 
black  extract  of  the  root  well  known  under  the  name  of /t^uorice,  contains  a 
saccharine  principle ;  but  it  is  quite  distinct  from  sugar.  It  may  be  pr». 
pared  by  infusing  the  root  in  boiling  water,  filtering  when  cold,  and  gra- 
dually adding  sulphuric  acid  as  long  as  a  precipitate,  which  is  a  compound 
of  the  acid  and  saccharine  matter,  is  formed.  It  is  first  washed  with  water 
acidulated  with  sulphuric  acid,  and  then  with  pure  water ;  and  it  is  subse- 
quently dissolved  in  alcohol,  which  leaves  a  little  vegetable  albumen  and  mu- 
cilage. Solution  of  carbonate  of  potassa  is  then  added  very  gradually,  so  aa 
exactly  to  neutralize  the  acid ;  and  after  the  sulphate  of  potassa  has  eubaided, 
the  alcoholic  solution  is  decanted  and  evaporated!  It  may  ako  be  obtained 
in  a  similar  manner  from  the  extract,  except  .(hat  the  solution,  when  first 
made,  must  be  purified  by  white  of  egg. 

Sugar  of  liquorice  is  thus  procurra  in  the  form  of  a  yellow  transpaient 
^  which  is  unchangeable  in  the  air,  and  soluble  in  water  and  alcohol  It 
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10  ehtrteCerind  by  ite  tendency  to  form  Bparingfly  toloble  eompoands  with 
adds,  which  accordiog^lj  precipitate  it  from  its  eolation  in  cold  water.  It 
wiitee  also  readily  with  alkaline  bases ;  and  when  digested  in  water  con- 
taining carbonate  of  potassa,  baryta,  or  lime,  carbonic  acid  is  slowly  evolved^ 
and  a  solnble  compound  of  the  base  with  the  saccharine  matter  is  generated. 
(Benelios.) 

Starch  or  Fecula. — Jimidine. 

Starch  exists  abundantly  in  the  vegelable  kingdom,  being  one  of  the  chief 
ingredients  of  most  varieties  of  grain,  of  some  roots,  such  as  the  potato,  and 
of  the  kernels  of  leguminous  plants.  It  is  easily  procured  by  letting  a  small 
current  of  water  fall  upon  the  dough  of  wheat-flour  enclosed  in  a  piece  of 
linen,  and  subjecting  it  at  the  same  time  to  pressure  between  the  fin^rsi 
until  the  liquid  passes  off  quite  clear.  The  gluten  of  the  flour  is  left  m  a 
pure  state,  the  saccharine  and  mucilaginous  matters  are  dissolved,  and  the 
starch  is  washed  away  mechanically,  being  deposited  from  the  water  on 
standing  in  the  form  of  a  white  powder.  The  starch  of  commerce  is  ob- 
tained by  an  analoffous  process  from  the  grain  of  wheat  and  from  the  potato; 
but  in  the  preparation  of  wheat  starch,  the  water  containing  the  soluble  and 
insoluble  parts  of  the  grain  is  allowed  to  ferment,  whereby  acetic  acid  is 
generated,  which  dissolves  the  glutinous  portion,  and  thus  facilitates  its  so- 
paration  from  the  starch.  The  microscopic  researches  of  Raspail  have 
proved  that  starch,  as  it  exists  in  plants,  occurs  as  white,  shining,  but  un- 
crystalline,  particles,  each  of  which  has  its  own  proper  envelope  of  an  amy- 
laceous nature,  but  more  insoluble  in  water  than  the  interior  particles. 

Starch  is  insipid  and  inodorous,  of  a  white  colour,  and  is  insoluble  in  al- 
oohol,  ether,  and  cold  water.  It  does  not  crystallize ;  but  it  is  commonly 
found  in  the  shops  in  six-sided  columns  of  oqnsidcrahle  regularity,  a  form 
occasioned  by  the  contraction  which  it  suffers  in  drying.  Boiling  water  acts 
upon  it  readily,  converting  it  into  a  tenacious  bulky  jelfy,  which  is  employed 
for  stiffening  linen.  In  a  large  quantity  of  hot-  water,  it  is  dissolved  com- 
pletely, and  is  not  deposited  on  cooling.  The  aqueous  solution  is  precipi- 
tated by  subacetate  of  oxide  of  lead ;  but  the  best  test  of  starch,  by  which  it 
is  distinguished  from  all  other  substances,  is  iodine.  This  principle  forms 
with  starch,  whether  solid  or  in  solution,  a  blue  compound  which  is  insolu- 
ble in  cold  water:  with  hot  water  it  forms  a  colourless  solution,  which  depo- 
rites  the  blue  compound  as  it  cools ;  but  when  boiled  with  water,  iodine  acts 
upon  the  elements  of  the  starch,  hydriodic  acid  is  formed,  and  then  on  cool- 
ing the  blue  iodide  of  starch  is  not  reproduced; 

Starch  unites  with  the  alkalies,  forming  a  compound  which  is  soluble  in 
water,  and  from  which  the  starch  is  thrown  down  by  acids.  On  mixing  so- 
lutions of  starch  with  baryta,  lime,  and  subacetate  of  oxide  of  lead,  white 
insoluble  compounds  are  obtained ;  and  that  with  oxide  of  lead,  formed  at  a 
boiling  temperature  with  excess  of  the  subsalt,  contains  72  parts  of  starch 
and  ^  of  oxide  of  lead,  (fierzelius.)  Strong  sulphuric  acid  decomposes  it. 
Nitric  acid  in  the  cold  dissolves  starch ;  but  converts  it  by  the  aid  of  heai 
into  oxalic  and  malic  acid. 

The  effects  of  heat  on  starch  are  peculiar,  and  have  been  examined  by 
Gaventou.  (An.  de  Chim.  et  de  Ph.  xxxi.)  On  exposing  dry  starch  to  a  tem- 
perature a  little  above  212°  it  acquires  a  slightly  red  tint,  emits  an  odour  of 
baked  bread,  and  is  rendered  soluble  in  eola  water;  and.  a  similar -modifica- 
tion is  effocted  by  the  action  of  hot  water .  Grelatinous  starch  is  generally 
supposed  to  be  a  hydrate  of  starch ;  but  Gaventou  maintains  that  the  jdly 
cannot  by  any  method  be  restored  to  its  original  state.  He  regards  this  mo- 
di6ed  starch  as  identical  with  the  substance  described  by.Saussure  under 
the  name  of  amidine.  Saussnre  thought  it  was  generated  by  exposing  a 
paste  made  with  starch  and  water  for  a  long  time  to  the  air ;  but  according 
to  Caventon,  the  amidine  was  formed  by  the  action  of  the  hot  water  on 
staroh  in  making  the  paste.    Its  essential  character  is  to  yield  a  Unecokwr 
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with  iodiDe,  and  to  be  soluble  in  cold  water.  On  gently  evaporating  the  ao- 
lution  to  dryness,  it  becomes  a  transparent  mass  like  horn,  which  retains  its 
solubility  in  cold  water. — To  torri6ed  starch,  that  is,  to  starch  thus  modified 
by  heat,  whether  in  the  dry  way  or  by  boiling  water,  the  term  amidine  may 
be  applied. 

When  starch  is  exposed  to  a  still  higher  temperature  than  is  sufficient  for 
its  conversion  into  amidine,  a  more  complete  change  is  effected.  It  then 
assumes  a  reddish-brown  colour,  swells  up  and  soflens,  dissolves  with  much 
greater  facility  in  cold  water,  and  gives  with  iodine  cither  a  purple  colour 
or  none  at  all.  In  this  state  it  is  very  analogous  to  gum,  and  is  employed 
by  calico-printers  under  the  name  of  Britiak  gum ;  but  it  differs  from  real 
gum  in  not  yielding  mucic  acid  by  digestion  with  nitric  acid.  A  similar 
change  may  be  produced  by  long.continued  sbulUtion. 

Starch  is  readily  convertible  into  sugar.  This  change  takes  place  in 
seeds  during  germination,  as  in  the  malting  of  barley;  and  a  similar  con- 
version appears  in  some  instances  as  an  effect  of  frost,  as  in  the  potato, 
apple,  and  parsnip.  Saccharine  matter  is  also  developed  when  gelatinous 
starch  is  kept  in  a  moist  state-  for  a  long  time,  either  with  or  without  the 
access  of  air.  If  starch  is  boiled  for  a  considerable  time  in  water  acidu- 
lated, with  I.12th  of  its  weight  of  sulphuric  acid,  it  is  wholly  converted  into 
a  saccharine  matter  similar  to  that  of  the  grape;  and  this  change  takes 
place  much  more  rapidly  if  the  temperature  is  a  few  degrees  above  212<^. 
This  fiict  was  first  observed  by  Kirchoff,  and  has  since  been  particularly 
examined  by  Vogel,  De  la  Rive,  and  Saussure.  It  has  been  established  by 
Saossure  that  the  oxygen  of  the  air  exerts  no  influence  over  the  process, 
that  no  gas  is  disengaged,  that  the  quantity  of  acid  suffers  no  diminntion, 
that  100  parts  of  starch  yield  110.14  of  sugar,  and  that  the  only  difference 
in  the  composition  of  starch  and  sugar  is,  that  the  latter  contains  more  of 
the  elements  of  water  than  the  former.  He  hence  inferred  that,  in  KirchofTs 
process,  the  starch  is  converted  into  sugar  by  its  elements  combining  with 
a  certain  quantity  of  oxygen  and  hydrogen  in  the  proportion  to  form  water; 
and  that  the  acid  acts  only  by  increasing  the  fluidity  of  the  mass.  (Annals 
of  Philosophy,  vi.) 

The  researches  of  Caventou,  already  referred  to,  have  thrown  considera- 
ble light  on  the  chemical  nature  of  several  of  the  amylaceous  principles  of 
commerce.  The  Indian  arrow-root,  which  is  prepared  from  the  root  of  the 
MaratUa  arundinaeea,  has  all  the  characters  of  pure  starch.  Sago,  obtain- 
ed from  the  cellular  substance  of  an  East-Indian  palm-tree  (Sagus  farinu 
/<ro),  and  tapioca  and  cassava  from  the  root  of  the  latropha  Manihot,  are 
chemically  the  same  substance.  They  both  exist  in  the  plants  from  which 
they  are  extracted  in  the  form  of  starch ;  but  as  heat  is  employed  in  their 
preparation,  the  starch  is  more  or  less  completely  converted  into  amidine. 
It  hence  follows  that  pure  potato  starch  may  be  used  instead  of  arrow-root ; 
and  that  the  same  material,  modified  by  heat,  would  afford  a  good  substitute 
for  sago  and  tapioca.  Salep,  which  is  obtained  from  the  OrehiB  masctcZa, 
consists  alnaost  entirely  of  the  substance  called  iossortn,  together  with  a 
small  quantity  of  gum  and  starch. 

When  starch  moistened  with  water  is  digested  with  an  equal  weight  of 
peroxide  of  manganese,  a  volatile  acid,  possessed  of  an  odour  similar  to  hy- 
drocyanic acid,  passes  over.  Its  discoverer,  M.  Tonnermann,  who  has  given 
it  the  name  of  amylie  acid,  considers  it  a  compound  of  three  equivalents  of 
oxygen  and  two  and  a  half  eq.  of  carbon ;  bat  it  requires  further  examina- 
tion before  being  enumerated  as  a  distinct  acid.  (Journal  of  Science,  N.  S. 
iv.iii.) 

Grutn. 

Under  this  name  I  include  all  those  immediate  vegetable  principles  which 
fcna  with  water  a  clammy  adhesive  solution  caU^  mueUa^e,  and  which 
when  boiled  with  aboat  four  times  their  weight  of  nitric  acid  yieM  mucio 
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icid.    The  nitric  acid  used  fiir  the  prodaciion  of  mucie  add  shoold  hate  a 
density  of  1.339  at  50^  F. 

The  properties  of  gam  are  best  stodied  in  pore  specimens  of  gnm^rabic, 
of  which  it  is  the  principal  ingredient  It  is  colonrless,  transparent,  in- 
odorous, and  insipid,  and  when  dry  it  is  very  brittle,  and  has  a  vitreooa 
fracture.  When  put  into  water,  either  hot  or  cold,  it  softens,  and  then  dia- 
solves,  constituting  muoiUige.  It  is  insoluble  in  ether  and  alcohol,  and  the 
former  precipitates  gum  from  its  solution  in  the  form  of  opaque  white 
flakes.  lia  solubility  is  increased  both  by  acids  and  alkalies.  Strong  sul- 
phuric acid  decomposes  it,  causing  the  formation  of  water  and  acetic  acid, 
with  deposition  of  charcoal.  Heated  with  a  quantity  of  nitric  acid  insuffi- 
cient for  the  production  of  mucic  acid,  it  yields  an  acid  resembling  the 
malic  The  greatest  quantity  of  mucic  acid  which  can  bo  procured  from 
pore  gum  is  16.88  per  cent  (Guerin  in  An.  de  Ch.  et  de  Ph.  xtiz.  246.) 

The  aqueous  solution  of  gum  may  be  preserred  a  considerable  time  with- 
out alteration ;  but  at  length  it  becomee  soar,  and  exhales  an  odour  of  acetic 
acid,  a  change  which  ti£es  place  without  exposure  to  the  air,  and  must» 
therefore,  be  owing,  to  a  new  arrangement  of  its  own  elements. 

Gum  is  precipitated  from  its  solution  ki  water  by  several  metallic  salti^ 
and  especially  hv  subaoetate  of  oxide  of  lead^  which  occasions  a  curd^  pro- 
dpitate,  oonsisUng  of  38.25  parts  of  exide  of  lead  and  61.75  parts  of  gum. 
(Berxelius).  It  is  also  thrown  down  by  a  solution  of  silicated  potassa,  but 
this  test  is  less  delicate  than  the  salt  of  lead. 

When  gum  is  heated  to  redness  in  dose  veaels,  it  yields,  in  addition  to 
the  usual  products,  a  small  quantity  of  ammonia,  owing  to  some  impurity, 
probably  gluten,  with  which  it  is  generally  associated. 

Chtm^Aralne^ — ^This  substance  is  the  concrete  juice  of  several  species  of 
the  ilfimosa  or  Acacia,  natives  of  Africa  and  Arabia.  It  occurs  in  small, 
rounded,  transparent,  friable  grains,  which  are  sometimes  colourless,  and  at 
others  yellow,  red,  or  brown,  its  density  is  1.355.  Dried  at  250^  M.  Guerin 
found  it  to  lose  17.6  per  cent  of  water :  the  remaining  82.4  when  burned 
yidded  3  parts  of  an  ash,  consisting  of  the  carbonates  of  lime  and  potassa, 
a  little  phosphate  of  lime,  chloride  of  potassium,  oxide  of  iron,  alumina, 
dlica,  and  magnesia.  When  gum-arabic  is  dissolved  in  water,  a  smsU 
quantity  of  insoluble  matter  containing  nitrogen  is  lefl,  and  a  portion  of  it 
appears  to  be  dissolved  in  the  mucilage.  The  solution  of  the  gum  contains 
a  supermalate  of  lime,  the  chlorides  of  calcium  and  potassium,  and  acetate 
of  potassa.  (Guerin.)    These  may  be  removed  by  digestion  in  alcohol. 

OumSenegalj  the  juice  of  the  Acaeia  SenegaUn$%9,  contains  exactly  the 
same  principle  as  ^m-arabic  The  mudlage  of  linseed,  and  probably  of 
most  of  the  mucilaginoua  seeds  and  plants,  possesses  the  essential  characters 
of  gum-arabic 

Gum-Tragaeanik,  the  juice  of  the  Athngahu  gttmmifer,  differs  essen- 
tially from  the  pure  gums.  According  to  Guerin,  100  parts  contain  11.1  of 
water,  2.5  of  ashes  left  when  the  gum  is  burned,  53.3  of  pure  gum  soluble 
in  cold  water,  and  identical  with  that  of  gum-arabic,  and  33.1  of  bassorin 
and  starch,  which  is  the  part  left  undissolved  by  cold  water. 

The  gum  which  issues  from  several  trees  of  the  genus  Pruntis,  as  from 
the  peadi,  plum,  apricot,  and  cherry-tree  (P.  Cerosus),  was  found  by  Dr. 
Bostock  to  yield  mucic  acid  by  the  action  of  nitric  add  (Nicholson's  Jour- 
nal, xviii.).  M.  Guerin  finds  it  to  be  identical  in  composition  with  gum- 
arabic.  It  differs,  however,  in  bdng  insduble  in  cold  water;  but  when 
boiled  in  tliat  liquid,  it  is  dissolved,  and  the  solution  has  all  the  characters  of 
pure  mucilage.  In  fact  cherry-tree  gum,  which  Guerin  distinguishes  by 
the  name  of  ceronn,  seems  isomeric  with  the  standard  gum,  and  aoquirea 
identity  of  character  by  the  mere  influence  of  heat 

The  gelatinous  prindple  of  fruits,  such  as  is  derived  firom  the  currant  or 
gooseberry,  appears  to  be  very  closely  allied  to  gum.  It  is  fn-ecipitaied 
.from  the  juice  by  free  admixture  with  alcdiol,  forms  a  raudlaginous  solu-* 
tion  with  water,  though  less  adhedve  than  gum,  is  neutral  to  teat  p^er, 
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■nd  with  nitric  Aoid  yields  mncie  and  oxalic  acids.  It  is  distingnished  how. 
erer  from  pure  gum  by  being  instantly  oouTerted  into  pectic  acid  by  the 
presence  of  a  fixed  alkali  or  alkaline  earth :  on  adding  potassa,  and  then  an 
acid,  a  jelly  falls,  possessed  of  all  the  characters  of  pectic  acid ;  and-when 
baryta  is  employed,  a  pectate  of  baryta  subsides.  The  jelly  of  fruits  is. 
thus  distinct  from  gum,  and  Braconnot,  by  whom  these  fiicts  were  observed, 
proposes  fiir  it  the  name  of  |wcttfi.  (An.  de  Ch.  et  de  Ph.  xlvii.  266.) 

Lignin, 

Lignifi,  or  woody  Jihre  constitutes  the  fibrous  structure  of  vegetable  sub- 
stances, and  is  the  most  abundant  principle  in  plants.  The  diirerent  kinds 
of  wood  contain  about  96  per  cent  of  lignin.  It  is  prepared  by  digesting 
the  sawin^s  of  any  kind  of  wood  successively  in  alcohol,  water,  and  dilute 
hydrochloric  acid,  until  all  the  substances  soluble  in  these  menstrua  are 
removed. 

Lignin  has  neither  taste  nor  odour,  undergoes  no  change  by  keeping,  and 
is  insoluble  in  alcohol,  water,  and  the  dilute  acids.  By  digestion  in  a  con- 
oentrated  solution  of  pure  potassa,  it  is  converted  according  to  Braconnot 
into  a  substance  similar  to  ulmin.  Mixed  with  strong  sulphuric  acid  it 
suffers  decompoiition,  and  is  changed  into  a  matter  resembling  gum  ;  and 
on  boiling  the  liquid  for  some  time  the  mucilage  disappears,  and  a  saccha- 
rine principle  like  the  sugar  of  grapes  is  generated.  Braconnot  finds  that 
several  other  substsDces  whidi  consist  chiefly  of  woody  fibre,  such  as  straw, 
bark,  or  linen,  yield  sugar  by  a  similar  treatment  (An.  de  Ch.  et  de  Ph.  xii.) 
Digested  in  nitric  add,  Hgnm  is  converted  into  the  oxalic,  malic,  and  acetic 
adds. 


SECTION  IV. 


OLEAGINOUS,  RUINOUS,  AND  BITUMINOUS  SUBSTANCES. 

Tbe  compounds  included  in  Una  section,  besides  being  otherwise  allied, 
are  remarkable  for  thdr  combustibility,  and  supply  the  materials  used  in 
the  arts  for  the  production  of  heat  and  light  Most  of  them  contain  a  much 
larger  quantity  of  hydrogen  than  suffices  for  forming  water  with  their  oxy- 
gen. They  exert  in  general  but  a  very  feeble  affinity  for  other  bodies,  and 
oonaequenUy  thdr  combiningweights  and  atomic  constitution  have  in  few 
instances  been  determined.  Their  composition  will,  therefore,  be  best  stated 
in  reference  to  100  parts,  as  in  the  following  table : — 


Substances. 
Olive  oil       .        .        . 
Essence  of  turpentine  ^ 
Oil  of  lemons  5 

Camphor 

Do.  urom  oil  of  pepper-  > 
mint  ) 

Do.  from  oil  of  anise 
Oil  of  doves 
Caryophylline 
Oil  of  bitter  almonds 
Common  resin 
Caoutchouc  . 
fiees-wax 


Carbon.  Hyd.  Oxygen.  Analyzed  by 

13.36    9.427    Gay-Lussac  and  Thenard. 
11.5  Dumas. 

10.36    10.36    Dumas. 


77513 

85w5 

79J28 

773 

81.4 

70.02 

79.27 

79-56 

75.944 

90 

80.4 


12.6      10.1      Dumas. 

7.98    10.62    Dumas. 

7.42    22.56    Dumas. 
10.36    10.37    Dumas. 

5.56    14.88    Liebifl  and  WoMer. 
10.719  13.337  Gay-Lussacand  Thenard. 


9.12 
11.3 


0.88    Ure. 
8.3     Ure. 
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OLEAomqus  substances. 

Oib  are  characterized  bra  peculiar  unctnous  feel,  by  inflammabilitj,  and 
by  insolubility  in  water.  Tbey  are  divided  into  the  fixed  and  rolatile  oib» 
the  iprnier  ot  which  are  comparatively  fixed  in  the  fire,  and,  therefore,  give 
a  permanently  greasy  stain  to  paper;  while  the  latter,  owing  to  their  volap 
tiUty  produce  a  stain  which  disappears  by  gentle  heat 

riXED  OILS. 

The  fixed  oils  are  usaally  contained  in  the  seeds  of  plants,  as  for  exanv* 
pie  in  the  almond,  linseed,  rape-seed,  and  poppy ^eed ;  bat  olive-oil  is  ex- 
tracted  from  the  pulp  which  surrounds  the  stone.  They  are  procured  by 
bruising  the  seed,  and  subjecting  the  pulpy  matter  to  pressure  in  hempen 
hags,  a  gentle  heat  being  generally  employed  at  the  same  time  to  render  the 
oil  more  limpid. 

Fixed  oils  are  nearly  inodorous,  have  little  taste,  and  are  lighter  than  wa- 
ter, their  density  in  general  varying  from  0.9  to  0.9&  Some,  such  as  cocoa- 
nut  and  palm-oil,  are  fixed  at  50^  or  60^^;  but  most  of  them  are  fluid  at 
common  temperatures,  and  they  all  become  limpid  in  becoming  warm.  They 
are  commonly  of  a  yellow  colour,  but  may  be  rendered  nearly  or  quite  co- 
lourless by  the  action  of  animal  charcoal.  At  or  near  600°  they  begin  to 
boil,  but  sufier  partial  decomposition  at  the  same  time,  an  inflammable  va- 
pour being  disengaged  even  below  SQQ9.  When  heated  to  redness  in  dose 
vessels,  a  large  quantity  of  the  combustible  compounds  of  carbon  and  hy- 
drogen are  formed,  toffether  with  the  other  products  of  the  destructive  distil- 
lation of  vegetable  suostances ;  and  in  the  open  air  they  burn  with  a  clear 
white  light,  and  formation  of  water  and  carbonic  acid.  They  may  hence  be 
employ^  for  the  purposes  of  artificial  illumination,  as  well  in  lamps,  as  for 
the  manufacture  of  gas. 

Fixed  oils  undergo  considerable  change  by  exposure  to  the  air,  a  change 
owing  to  the  action  of  oxygen,  and  which  has  been  examined  into  by  Saus- 
sure  (An.  de  Ch.  et  de  Ph.  xliz.  235).  Olive-oil,  recently  expressed,  was  con- 
fined over  mercury  in  a  tube  full  of  oxygen  gas,  and  underwent  no  appre- 
ciable alteration  during  the  first  five  months,  absorbing  only  about  its  own 
volume  of  oxygen :  the  absorption  then  became  very  rapid,  so  that  at  the 
end  of  the  first  year  it  had  absorbed  41  times  its  volume  of  oxygen,  and  be- 
came quite  colourless ;  and  at  the  close  of  the  fourth  year,  when  the  action 
had  become  very  alight,  the  whole  absorption  of  oxygen  amounted  to  102 
times  its  volume.  The  oil  at  that  period  was  very  rancid,  and  less  limpid 
than  at  first.  During  these  changes  the  oil  gave  out  22  times  its  volume  of 
carbonic  acid  and  a&ut  6  of  hydrogen,  together  with  a  trace  of  carbonie 
oxide.  The  rancidity  of  oils  is  commonly  ascribed  to  the  mucilaeinous  mat- 
ters which  tbey  contain  becoming  acid,  and  probably  the  first  change  is  of 
this  nature ;  but  subsequently,  when  the  principal  absorption  takes  place,  the 
oil  itself  appears  to  be  modified. 

Similar  changes  occur  to  a  much  greater  extent  with  linseed-oil  and  other 
tiecative  oils,  which  owe  their  property  of  drying  to  the  absorption  of  oxy- 
gen. The  oil  of  hemp-seed,  recently  expressed,  was  exposed  for  a  month  to 
oxygen  gas,  and  absorbed  of  it  less  than  its  own  volume :  there  was  no  ab- 
sorption during  the  second  month ;  but  subsequently  the  absorption  became 
rapid,  and  at  the  end  of  one  year  the  oil  had  taken  up  155  times  its  volume 
of  oxygen.  .At  the  time  of  the  absorption  becoming  rapid,  the  oil  lost  its 
colour,  and  its  surfitce  acquired  a  mucilaginous  pellicle.  During  the  three 
following  years  it  still  continued  to  absorb  oxygen,  and  to  become  viscid : 
at  the  end  of  that  time  it  had  evolved  about  24  times  its  bulk  of  carbonic 
acid,  and  7  of  hydrogen,  with  a  little  carburetted  hydrogen.  Tlie  oil  of  wal- 
nuts gave  similar  results.    This  property  of  drying,  for  which  linseed  oil  is 
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is  remarkable,  may  be  oommunicated  quickly  by  heatinsr  the  oil  in  an  op3n 
vessel.  Drying  oils  are  used  for  making  oU  paint,  and  mixed  with  lamp- 
black they  constitute  printers*  ink. 

The  absorption  of  oxygen  by  fixed,  and  especially  by  drying  oils,  is  under 
some  circumstances  so  abundant  and  rapid,  and  accompanied  with  so  much 
heat,  that  light  porous  combustible  materials,  such  as  lampblack,  hemp,  or 
cotton-wool,  may  be  kindled  by  it.  Substances  of  this  kind,  moistened  with 
linseed-oil,  have  been  known  to  take  fire  during  the  space  of  24  hours,  a  cir- 
cumstance  which  has  repeatedly  been  the  cause  of  extensive  fires  in  ware- 
hoQses  and  in  cotton  manufactories. 

Fixed  oils  do  not  unite  with  water,  but  they  may  be  permanently  sus- 
pended in  that  fluid  by  means  of  mucilage  or  sugar,  so  as  to  constitute  an 
emuUion,  They  are  for  the  most  part  very  sparingly  soluble  in  alcohol  and 
ether.  Strong  sulphuric  acid  thickens  the  fixed  oils,  and  forms  with  them 
a  tenacious  matter  like  soap;  and  they  are  likewise  rendered  thick  and 
viscid  by  the  action  of  chlorine.  Concentrated  nitric  acid  acts  upon  them 
with  great  energy,  giving  rise  in  some  instances  to  the  production  of  flame. 

Alkaline  bases  have  a  remarkable  action  on  oils  and  fats.  With  ammonia 
oil  forms  a  soapy  liquid  to  which  the  name  ofvolatUe  liniment  is  applied :  it 
is  a  direct  compound  of  the  oil  and  alkali  suspended  in  water;  but  by  keep- 
ing, an  ammoniacal  soap  is  generated.  The  pure  fixed  alkalies  act  similarly 
in  the  cold ;  but  when  heated  with  oil,  the  latter  undergoes  an  entire  change 
of  constitution,  and  soap  is  generated.  A  similar  action  is  occasioned  by 
most  of  the  metallic  oxides. 

The  elaborate  researches  uf  Chevreul  on  the  nature  of  oils  and  fats  have 
■hown  that  these  bodies  are  not  pure  proximate  principles,  but  compounds  in 
variable  proportion  of  at  least  two  other  compounds,  one  of  which  is  solid 
at  common  temperatures,  while  the  other  is  fluid.  To  the  former  he  applied 
the  name  of  stearine,  from  a-n*^  tuet^  and  to  the  latter  elaine  or  aleiney  from 
fX«ioy  oil.  Oleine  is  the  fluid  principle  of  oils,  and  gives  fluidity  to  tliose  oils 
in  which  it  predominates.  It  requires  a  cold  of  20^  for  congelation,  and  is 
prepared  from  oils  by  exposing  them  to  a  cold  of  about  25^,  and  pressing 
the  congealed  mass  between  folds  of  bibulous  paper ;  when  the  oleine  is  al^ 
sorbed,  and  may  be  separated  by  pressing  the  paper  under  water.  Oleine  is 
well  adapted  for  lubricating  the  wheels  of  watches  or  other  delicate  ma- 
chinery, since  it  does  not  thicken  or  become  rancid  by  exposure  to  the  air. 
From  late  experiments  by  Lecanu,  it  appears  that  stearine,  though  con- 
tained in  animal  flits,  is  rarely  present  in  those  of  vegetable  origin :  the 
solid  principle  present  in  the  latter  is  margarine,  a  substance  analogous  in 
its  properties  to  stearine.  The  nature  of  these  substances,  as  well  as  the 
changes  induced  in  them  during  the  formation  of  soap,  will  be  considered  in 
the  section  on  the  animal  flits. 

VOLATILE  OA  ESSENTIAL  OILS. 

Aromatic  plants  owe  their  flavour  to  the  presence  of  a  volatile  or  essential 
oil,  which  may  be  obtained  by  distillation,  water  being  put  into  the  still 
along  with  the  plant  in  order  to  prevent  the  latter  from  being  burned.  The 
oil  and  water  pass  over  into  the  recipient,  and  the  oil  collects  at  the  bottom 
or  the  surface  of  the  water  according  to  its  density. 

Essential  oils  have  a  penetrating  odour  and  acrid  taste,  which  are  oflcn 
pleasant  when  suflicicntly  diluted.  They  are  soluble  in  alcohol,  though  in 
different  proportions.  They  are  sparinglv  dissolved  by  water,  and  hence 
water  acquires  the  odour  of  the  oil  with  wnich  it  is  distilled.  With  the  fixed 
oils  they  unite  in  every  proportion,  and  are  sometimes  adulterated  with 
them,  an  imposition  easily  detected  bv  the  mixed  oil  causing  on  paper  a 
greasv  stain  which  is  not  removed  by  heat 

Volatile  oils  burn  in  the  open  air  with  a  clear  white  light,  and  tlie  sole 
products  of  the  combustion  are  water  and  carbonic  aeid.  On  exposure  to  the 
atmosphere,  they  gradually  absorb  a  large  quantity  of  oxygen,  in  consc 

46 


54d 


▼OLATILB  OILS. 


qaence  of  which  they  hecome  thick,  acquire  a  deep  yenowi«h-brown  oolour, 
and  are  at  length  converted  into  a  Bubstance  resembling  resin.  Some  of 
them  deposite  daring  this  action  crystalline  compounds  of  a  definite  nature. 
SausBore  has  shown  that,  as  with  fixed  oils,  carbonic  acid  and  hydrogen 
gases  are  emitted  at  the  same  time.  This  change  is  rendered  more  rapid 
by  the  agency  of  light. 

Of  the  acids,  the  action  of  strong  nitric  acid  on  volatile  oils  is  the  most 
energetic,  being  oflen  attended  with  vivid  combostion, — an  effect  which  is 
rendered  more  certain  by  previously  adding  to  the  nitric  a  few  drops  of  sul- 
pharic  acid. 

Volatile  oils  do  not  unite  readily  with  metallic  oxides,  and  are  attacked 
with  difficulty  even  by  the  alkalies.  The  substance  called  Starkey*s  soap  k 
made  by  triturating  oil  of  turpentine  with  an  alkali. 

Volatile  oils  dissolve  sulphur  in  large  quantity,  forming  a  deep  brown- 
coloured  liquid,  called  bal9am  of  suljmur.  The  solution  is  best  made  by 
boiling  flowers  of  sulphur  in  spirit  of  turpentine.  Phosphorus  may  likewise 
be  dissolved  by  the  same  menstruum. 

The  following  table  contains  a  list  of  the  principal  essential  oils  :— 

Oils  of  Colour.  Density. 

Turpentine  colourless  .  0.87 

Lemons  colourless  or  pale  yellow  0.85 

Anise  .  do.  do.  0i)857  at  80^ 

Juniper  do.  or  greenish-yellow      0.911 

Chamomile  deep  blue 

Carraway  .    ^       pale  yellow  0.94 

Lavender  yellow  .  .  0.877  to  0.898 

Peppermint  colourless  or  pale  yellow  0.92 

.  Rosemary  colourless  .  0.89  to  0.92 

Camphor  white       .  .  .  0.986 

Cinnamon  yellow      .  .  .  1.035 

Cloves  .  colourless  br  pale  yellow  1.061 

Sassafras  yellow  or  red       .  1.094 

Mustard  .  yellow      .  .  1.0387 

Bitter  almonds  .  colourless  .  .  1.043 

The  essential  oils  differ  in  constitution  from  the  fixed  oils,  and  are  divisi. 
ble  into  three  groups.  The  first  consists  of  the  essence  of  turpentine  and  of 
lemons,  which  are  composed  solely  of  carbon  and  hydrogen ;  the  second, 
which  includes  oil  of  anise  and  the  ten  following  oils,  together  with  the  so- 
lid essence,  camf>hor,  contain  carbon,  hydrogen,  and  oxygen ;  and  the  oils  of 
the  third  group,  as  oil  of  mustard  and  bitter  almonds,  contain  some  other 
element  in  addition  to  the  foregoing. 

E9$ence  of  Turpentine, — ^This  oil,  which  is  the  most  common  and  most 
generally  used  of  all  the  essential  oils,  is  procured  by  distillation  from  com- 
mon  turpentine,  and  is  a  limpid  colourless  fluid,  which  may  be  distilled 
without  residue,  and  yields  a  dense  white  light  in  burning.  It  is  sparingly 
soluble  in  alcohol.  In  its  purest  form  it  is  a  definite  compound  of  carbon 
and  hydrogen,  which  has  sJready  been  described  under  the  name  of  cam- 
phene  (page  255).  But  the  specimens  met  w^th  in  commerce  invariably  con- 
tain oxygen,  owing  to  the  absorption  of  that  gas  from  the  atmosphere, 
whereby  changes  in  the  constitution  uf  the  essence  are  produced.  It  is  not 
improbable,  also,  that  the  essence  obtained  from  different  kinds  of  turpen- 
tine  may  differ  in  original  constitution. 

Essence  of  turpentme  or  camphene  forms  an  interesting  compound  with 
hydrochloric  acid,  called  artificial  camphor,  the  composition  of  which  was 
stated  at  page  255.  It  is  formed  by  transmitting  a  current  of  perfectly  dry 
hydrochloric  acid  gas  through  oil  of  turpentine,  which  has  bieen  recently 
and  carefully  distilled,  surrounded  by  a  mixture  of  snow  and  salt :  a  quan- 
tity of  gas  is  absorbed  equal  to  one-third  of  the  weight  of  the  oil;  the  liquid 
acquires  a  deep  brown  colour;  and  a  white  crystidline  volatile  substance, 
very  similar  to  camphor,  is  slowly  generated.    Ilie  liquid  parts  should  be 
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removed  by  pressure  between  folds  of  bibulous  paper.  This  matter  was 
discovered  by  Kjnd,  and  has  since  been  studied  by  TrommsdorC  Gehlen, 
Thenard,  and  Dumas.  When  carefully  separated  from  adheringr  acid  by 
washing  with  water  containing  a  little  carbonate  of  soda,  it  is  quite  neutral, 
and  affords  an  instance  of  a  carburet  of  hydrogen  acting  as  a  base  to  a 
strong  acid. 

The  oil  of  lemons  has  the  same  composition  as  that  of  turpentine  (page 
539),  and  forms  with  hydrochloric  acid  an  artificial  camphor  analogous  to 
the  foregoing. 

Camphor. — ^This  substance  exists  ready  formed  in  the  Lauru$  Camphora 
of  Japan,  and  is  obtained  from  its  trunk,  root,  and  branches  by  sublimation. 
It  has  a  bitterish,  aromatic,  pungent  taste,  accompanied  with  a  sense  of  cool- 
ness. It  is  unctuous  to. the  touch,  and  rather  brittle,  though  possessing  a 
degree  of  toughness  which  prevents  it  from  bein^  pulverized  with  facility ; 
but  it  is  easily  reduced  to  powder  by  trituration  with  a  few  drops  of  alcohol. 
Its  specific  gravity  is  0.988.  It  is  exceedingly  volatile,  being  gradually  dis- 
sipated in  vapour  if  kept  in  open  vessels.  At  288^  it  enters  into  fusion,  and 
boils  at  400°.  It  is  insoluble  in  water ;  but  when  triturated  with  sugar,  and 
then  mixed  with  that  fluid,  a  portion  is  dissolved  sufficient  for  communi 
eating  its  flavour.  It  is  dissolved  freely  by  alcohol,  and  is  thrown  down  by 
the  addition  of  water.  It  is  likewise  soluble  in  the  fixed  and  volatile  oils, 
and  in  strong  acetic  acid.  Sulphuric  acid  decomposes  camphor,  converting 
it  into  a  substance  like  artificial  tannic  acid.  (Mr.  Hatchett) 

The  researches  of  Dumas  have  shown  (page  256)  that  camphor  is  the 
oxide  of  camphene,  and  that  the  same  inflammable  compound  by  the  action 
of  nitric  acid  is  still  further  oxidized,  and  then  constitutes  camphoric  acid. 
He  has  gone  far  to  prove  that  the  essential  oils  of  the  second  group  are  solu- 
tions in  variable  proportion  of  camphor  in  liquid  carburets  of  hydrogen.  The 
latter  seem  to  be  the  essential  and  original  material  of  the  oil,  which  by  a 
subsequent  process  of  oxidation  yields  more  or  less  camphor.  From  the  oil 
of  peppermint  exposed  to  a  cold  of  32°,  and  then  compressed  in  bibulous  pa- 
per to  separate  adhering  oil,  he  obtained  a  volatile  crystalline  solid  like  cam- 
phor, the  composition  of  which  is  reducible  to  the  formula  C^^HiO-f-O. 
A  similar  substance  was  procured  by  congelation  from  oil  of  anise,  the  for- 
mula of  which  is  C^oHs^O.  Analogous  camphors  may  be  procured  from 
most  of  the  essential  oils,  if  kept  for  some  time  in  a  partially  closed  bottle. 
By  a  more  complete  oxidation,  the  same  compound  radicals  give  rise  to  reai- 
nous  matter. 

Oil  of  Cloves, — Dumas  finds  that  the  dense  volatile  oils  are  more  highly 
oxidized  than  the  lighter  ones,  and  are  disposed  to  act  as  acids  in  relation  to 
alkaline  bases.  He  obtained  a  definite  crystalline  compound  of  the  oil  of 
cloves  with  ammonia,  composed  of  175.4  parts  or  one  eq.  of  the  oil,  and  17.15 
parts  or  one  eq.  of  the  alkali.  The  elements  of  the  oil  are  in  tlie  ratio  of 
122.4  parts  or  twenty  eq.  of  carbon,  13  parts  or  thirteen  eq.  of  hydrogen, 
and  40  parts  or  five  eq.  of  oxygen,  the  formula  being  C'20H^3^5O.  The 
crystalline  solid,  called  caryophylline,  deposited  from  this  oil  by  keeping, 
has  the  same  composition  as  camphor. 

Oil  of  Mustard. — This  oil  differs  from  the  foregoing  in  containing  sul- 
phur and  nitrogen.  Dumas^and  Pelouzo  found  100  parts  of  the  oil  to  consist 
of  sulphur  20.25,  nitrogen  14.45,  hydrogen  5.02,  carbon  49.98,  and  oxygen 
10.3.  The  carbon,  hydrogen,  and  nitrogen  form,  they  conceive,  a  distinct 
compound  radical,  which  then  combines  with  sulphur  and  oxygen ;  but  their 
investigation  on  the  subject  is  not  yet  fully  reported.  (An.  de  Ch.  et  de  Ph. 
liiL  184.) 

Oii  of  Bitter  Jilmonds. — Benzule. 

This  oil  differs  from  all  the  preceding  oils,  and  has  lately  led  to  impor- 
tant  discoveries.  When  the  bitter  almond  is  reduced  to  a  pulp  and  sub- 
jected to  compressioD,  a  pure  fixed  oil  is  obtained ;  but  when  distilled  along 
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with  water,  a  volatile  poiaonous  oil  passea  over,  which  smeUa  atrongly  of  fajr- 
drocvanic  acid,  and  contains  a  volatile  oil,  mixed  or  combined  with  that  acid. 
Neither  the  volatile  oil  nor  hydrocyanic  acid  pre-exist  in  the  almond,  but  are 
developed  in  it  by  the  action  of  water  during  the  distillation.  By  mixing  the 
impure  oil  with  a  solution  of  potassa  and  protochloride  of  iron,  agitating 
strongly,  and  distillinsr  the  mixture,  the  oil  is  obtained  quite  free  from  hy- 
drocyanic acid ;  and  by  a  second  distillation  flrom  pulverized  lime  it  is  de- 
prived of  adhering  moisture. 

The  oil  thus  purified  is  a  colourless  volatile  liquid,  which  retains  its  origi- 
nal odour,  has  a  burning  aromatic  taste,  and  a  density  of  1.043.  It  is  spa- 
ringly soluble  in  water,  but  freely  by  alcohol.  When  suddenly  and  strongly 
heated  in  open  vessels,  it  takes  fire  and  burns  with  flame;  but  it  may  be 
passed  alone  through  a  red-hot  glass  tube  without  decomposition.  In  ex- 
amining its  properties  and  composition,  Liebig  and  Wohlcr  have  proved 
that  it  may  be  regarded  as  a  compound  of  hydrogen  with  a  substance  called 
benzule  (page  513),  which  consists  of  85.68  parts  or  fourteen  eq.  of  carbon, 
5  parts  or  five  eq.  of  hydrogen,  and  16  parts  or  two  eq.  of  oxygen.  The  for- 
mula of  benzule  is  C^«HH)a,  and  its  symbol  is  Bz.  Benzule  has  not  yet 
been  obtained  in  an  uncombined  state ;  but  it  is  readily  transferable  with- 
out decomposition  from  one  element  to  another  in  the  same  manner  as  cyan- 
ogen. The  several  compounds  examlnod  by  Liebig  and  Wobler  are  thus 
constituted:— (An  de  Ch.  et  de  Pk.  li.  273.) 


Names.  1  eq.  Benzule. 

Hyduret  of  ben- 
zule 

Anhydrous  ben- 
zoic acid 

Chloride  of  ben- 
zule 

Bromide    do. 

Iodide        do. 

Sulphuret  do. 

Cyanuret  do. 


106.68 -f.  Hydrogen 
106.68 -f-Oxygen 

106.68 -f.  Chlorine 

106.68  .f  Bromine 
106.68 -j.  Iodine 
106.68  4- Sulphur 


1 
8 

35.43 

78.4 

126.3 

16.1 


106.68 -f.  Cyanogen   2639 


Equiv.  Formuls. 
leq.»  107.68  Bz+H. 
1  eq— 114.68  Bz-|.0  or  Bz. 

lcq.-.142.1    Bz+CL 

1  eq.»  185.08  Bz4-Br. 
1  eq.-.232.98  Bz-f.1. 
1  eq.=sl22.78  Bz-f-S. 
1  eq.=  lS3.07  Bz-f-Cy. 


The  purified  oil  is  a  hyduret  of  benzule.  When  heated  with  hydrate  of 
potassa,  the  oil  interchanges  elements  with  the  water,  so  that 

1  eq.  oil  Bz+H  2   I  eq.  anhydrous  benzoic  acid       Bz-fO 

and  1  oq.  water        H-|-0   -j;  and  2  eq.  of  hydrogen  2H ; 

the  hydrogen  is  evolved  and  benzoate  of  potassa  is  left.    When  exposed  to 
the  air  or  pure  oxygen  gas  the  reaction  is  such  that 

1  eq.  oil  Bz-|-H  2   1  eq.  anhydrous  benzoic  acid        Bz-)-0 

and  2  eq.  oxygen     20         -^  and  1  eq.  water  .  H-f-0; 

and  these  products  constitute  one  eq.  of  crystallized  benzoic  acid. 

Chloride  of  Benzule. — Hyduret  of  benzule  absorbs  chlorine  gas  with  heat, 
hydrochloric  acid  and  chloride  of  benzule  are  generated,  and  the  latter,  after 
being  heated  to  expel  any  excess  of  chlorine,  remains  as  a  limpid  liquid  like 
water.  It  has  a  density  of  1.196,  a  peculiar  pungent  odour,  irritates  the 
eyes,  and  boils  at  an  elevated  temperature.  It  is  insoluble  in  water ;  but  by 
long  ebullition  with  water,  it  yields  hydrochloric  and  benzoic  acids.  It  may 
be  distilled  from  anhydrous  lime  or  baryta  without  decomposition;  but 
when  heated  with  hydrate  of  potassa,  it  yields  chloride  of  potassium  and 
benzoate  of  potassa. 

Bromide  of  Benzvle, — It  is  formed  by  the  action  of  bromine  on  hyduret 
of  benzule;  and  after  expelling  the  excess  of  bromine  by  heat  the  bromide 
is  left  as  a  soft  semi-fluid  mass,. consisting  of  lar^e  foliated  crystals  of  a 
brown  colour.  It  is  soluble  without  change  in  alcohol  and  ether.  By  long 
boiling  with  water,  it  is  converted  into  hyarobromic  and  benzoic  acids. 
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The  iodide  of  betiMuU  is  obtained  as  a  brown  liquid  by  distilling  a  miztore 
of  iodide  of  potassium  with  chloride  of  benzole,  and  on  cooling  becomes  a 
crystalline  solid  of  the  same  colour.  When  free  from  mixed  iodine  it  is 
colourless,  and  resembles  the  bromide  in  its  chemical  relations. 

Sulphuret  of  Benzulc-^Ii  is  formed  by  distilling  chloride  of  benzole  with 
Bulphuret  of  lead  in  fine  powder,  and  passes  over  as  an  oil-like  fluid,  which 
on  cooling  becomes  a  soft  crystalline  solid  of  a  yellow  colour,  lis  odour 
resembles  that  of  sulphur.  It  is  not  changed  by  the  action  of  water,  and  is 
but  slowly  resolved  by  a  boiling  solution  of  potassa  into  benzoate  of  potassa 
and  sulphuret  of  potassium. 

Cyanuret  of  Benzule, — It  is  obtained  by  distilling  the  chloride  of  benzule 
with  bicyanuret  of  mercury,  and  collects  in  the  recipient  as  an  oily  fluid  of 
a  yellow  colour.  By  distillation  it  is  rendered  colourless,  but  the  yellow 
colour  quickly  returfls.  ltd  vapour  has  a  strong  penetrating  odour,  and 
irritates  the  eyes.  By  water,  in  which  it  is  otherwise  insoluble,  it  is  speedi- 
ly converted  into  hydrocyanic  and  benzoic  acids. 

B«M;amt^e.— Chloride  of  benzule  has  the  property  of  absorbing,  with 
much  heat,  dry  ammoniacal  gas,  and  of  forming  a  white  solid,  whidi,  after 
complete  saturation  with  ammonia,  consists  solely  of  hydrochlorate  of  am- 
monia and  benzamide.  By  cold  water  the  former  is  dissolved,  and  the 
latter  insulated.  It  derives  its  name  from  the  fact  tliat  it  bears  to  benzoate 
of  ammonia  the  same  relation  as  oxamide  to  oxalate  of  ammonia  (page 
500). 

Pure  benzamide  fuses  at  239^  into  a  limpid  liquid,  which  concretes  into  a 
foliated  mass  on  cooling.  When  strongly  heated  it  boils,  and  passes  over 
unchanged.  It  is  very  sparingly  dissolved  by  cold  water,  but  readily  and 
without  decomposition  in  boiling  water.  It  is  very  soluble  in  alcohol,  and 
is  dissolved  by  boiling  ether.  By  evaporation  from  Its  solutions  it  crystal- 
lizes in  right  rhomlwidal  prisms  of  a  pearly  lustre.  With  a  solution  of 
potassa  in  the  cold  it  is  not  changed,  and  emits  no  odour  of  ammonia;  but 
when  boiled  with  the  alkaline  solution,  ammonia  is  disengaged,  and  benzoate 
of  potassa  is  found  In  solution.  The  same  change  is  effected  by  boiling  it 
in  a  solution  of  sulphuric  acid. 

In  the  action  of  ammonia  on  chloride  of  benzule 

1  eq.  chloride         Ci4H»0«+Cl  2  j  ^  ««•  ''^'^SifN+Ha  *""''"'* 

and  9  eq.  ammonia  2  (3H-f  N)     '^    and  I  eq.  benzamide  Ci4H«0>-f  H*N. 

It  is  obviov»  that 

1  eq.  benzamide  Ci*H*0»-fH«N  S  1  eq.  anhyd.  benzoic  acid  C**H»0«+O 
and  1  eq.  water        H+O  '^  and  1  eq.  ammonia  3H-fN. 

I  have  theoretically  represented  benzamide  as  a  compound  of  benzule  with 
dinituret  of  hydrogen;  but  other  hypotheses  may  be  formed  respecting  its 
constitution,  as  in  the  case  of  oxamide. 

Benzoine. — The  oil  of  bitter  almonds,  like  several  other  essential  oils,  has 
been  observed  to  deposite  a  crystalline  matter,  which  is  formed  abundantly 
when  the  oil  is  left  for  a  few  weeks  in  a  corked  bottle  in  contact  with  a 
strong  solution  of  potassa.  It  has  at  first  a  yellow  tint ;  but  by  solution  in 
boiling  alcohol,  and  digestion  with  animal  charcoal,  it  may  be  obtained  pure 
and  white.  It  crystaUizes  from  its  alcoholic  solution  in  transparent  pris- 
matic crystals,  which  fuse  at  248°,  and  may  be  distilled  without  change. 
It  has  neither  taste  nor  odour.  Liebif  and  Wohler  found  its  elements  to 
coincide  exactly  with  those  of  the  original  oil  which  yielded  it,  though 
doubtless  their  arrangement  is  very  different 

CoumariiL — ^This  name  was  first  applied  to  the  odoriferous  princi^e  of 
the  Tonka  bean  by  M.  Guibourt,  and  has  since  been  adopted  b^  MM.  Boul- 
lay  and  Boutron-Charlard.  (Journ.  de  Pharmacie,  1825.)  It  is  derived 
from  'the  term  Coumarouna  odorala^  given  by  Aoblet  to  the  plant  which 
yields  the  bean. 
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Coninarin  is  white,  of  a  hot  pung^ent  taste,  and  distinct  aromatic  odour. 
It  crystallizes  sometimes  in  square  needles,  and  at  other  times  in  short 
prisms.  It  is  moderately  hard,  fracture  clean,  lustre  considerable,  and  den- 
sity greater  than  that  of  water.  It  fuses  at  a  moderate  temperature  into  a 
transparent  fluid,  which  yields  an  opaque  crystalline  mass  on  coolinir. 
Heated  in  close  vessels,  it  is  sublimed  without  change.  It  is  sparinff^ 
soluble  in  water;  but  is  readily  dissolved  by  ether  and  ucohol,  and  Uie  scua- 
tions  crystallize  by  spontaneous  evaporation.  It  is  very  soluble  in  fixed 
and  volatile  oils. 

Vogel  mistook  coumarin  for  benzoic  acid:  Boullay  and  Boutron-Charlard 
maintain  that  it  has  neither  an  acid  nor  alkaline  reaction,  and  tliat  it  is  a 
peculiar  independent  principle,  nearly  allied  to  the  essential  oils.  These 
chemists  did  not  find  any  benzoic  acid  in  the  Tonka  bean,  and  consider 
coumarin  as  the  sole  cause  of  its  odour. 

BESI^OUS  SUBSTANCES. 

Resins. — Resins  are  (he  inspissated  juices  uf  plants,  and  commonly  occur 
cither  pore  or  in  combination  with  an  essential  oil.  They  are  solid  at  com> 
mon  temperatures,  brittle,  inodorous,  and  insipid.  They  are  non-conductors 
of  electricity,  and  when  rubbed  become  negatively  electric  They  are  gene- 
rally of  a  yellow  colour,  and  semi-transparent 

Kesins  are  fiised  by  the  application  of  heat,  and  by  a  still  higher  tempera- 
ture are  decomposed.  In  close  vessels  they  yield  empyreumatic  oil,  and  a 
large  quantity  of  carburetted  hydrogen,  a  small  residue  of  charcoal  remain* 
ing.  In  the  open  air  they  burn'with  a  yellow  flame  and  much  smoke,  being 
resolved  into  carbonic  acid  and  water. 

Resins  are  dissolved  by  alcohol,  ether,  and  the  essential  oils,  and  the  alco- 
holic and  ethereal  solutions  are  precipitated  by  water,  a  fluid  in  which  they 
are  quite  insoluble.  Their  best  solvent  is  pure  potassa  and  soda,  and  they 
are  also  soluble  in  the  alkaline  carbonates  by  the  aid  of  heat  The  product 
is  in  each  case  a  soapy  compound,  which  is  decomposed  by  an  acid. 

Ck>nccntrated  sulphuric  acid  dissolves  resins  i  bat  the  acid  and  the  resin 
mutually  decompose  each  other,  with  disengagement  of  sulphurous  acid, 
and  deposition  of  charcoal.  Nitric  acid  ^cts  upon  them  with  violence,  con- 
verting them  into  a  species  of  tannin,  which  was  discovered  by  Mr.  Hatohett 
No  oxalic  acid  is  formed  during  the  action. 

The  uses  of  resin  are  various.  Melted  with  wax  and  oil,  resins  constitute 
ointments  and  plasters.  Combined  with  oil  or  alcohol,  they  form  diflTerent 
kinds  of  oil  and  spirit  varnish.  Sealing-wax  is  composed  of  lac,  Venioe 
turpentine,  and  common  resin.  The  composition  is  coloured  black  by 
means  of  lampblack,  or  red  by  cinnabar  or  red  lead.  Lampblack  is  the  soot 
of  imperfectly  burned  resin. 

Of  the  different  resins  the  most  important  are  common  resin,  copal,  lac, 
sandarach,  mastich,  elemi,  a^d  dragon*s  blood.  The  first  is  procured  by 
heating  turpentine,  which  consists  of  oil  of  turpentine  and  resin,  so  as  to 
expel  Uie  volatile  oil.  The  common  turpentine  obtained  by  incisions  made 
in  the  trunk  of  the  Scotch  fir-tree  {Pinus  syhesiris)  is  employed  for  this 
purpose ;  but  the  other  kinds  of  turpentine,  such  as  Venice  turpentine,  that 
from  the  larch  {Pinus  lon'x),  Canadian  turpentine  from  the  Pinus  bahameoy 
or  the  Strasburgh  turpentine  from  the  Pinus  pteea^  yield  resin  by  a  sin^ilar 
treatment 

When  turpentine  is  extracted  from  the  wood  of  the  fir-tree  by  heat,  par- 
tial decomposition  ensues,  and  a  dark  substance,  consisting  of  resin,  empy- 
reumatic  oil,  and  acetic  acid  is  the  product  This  constitutes  tar;  and  when 
inspissated  by  boiling,  it  forms  pitch.  Common  resin  fuses  at  276^,  is  com- 
pletely  liquid  at  306^,  and  at  about  316°  bubbles  of  gaseous  matter  escape, 
giving  rise  to  the  appearance  of  ebullition.  By  distillation  it  yields  empy. 
reumatic  oils:  in  the  first  part  of  the  process  a  limpid  oil  passes  over,  which 
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rises  in  vapoar  at  300^,  and  boils  at  360^ ;  but  subsequently  the  product 
becomes  less  and  less  limpid,  till  towards  the  close  it  is  very  thick.  This 
matter  becomes  limpid  when  heat  is  applied,  and  boils  at  about  500^  F.  At 
a  red  heat  resin  is  entirely  decompooKl,  yielding  a  large  quantity  of  com- 
bustible gas,  which  is  employed  for  the  purpose  of  artificial  illumination. 

Amber. — This  substance  is  brought  chiefly  from  the  southern  coast  of  the 
Baltic,  occurring  sometimes  in  beds  of  bituminous  wood,  and  at  others  on 
the  shore,  being  doubtless  washed  out  from  strata  of  brown  coal  by  the 
action  of  water.  Its  vegetable  origin  is  amply  attested  by  the  substances 
with  which  it  is  associated,  by  its  resinous  nature,  and  by  the  vegetable 
matters  which  it  frequently  envelopes.  It  is  commonly  met  with  in  trans- 
lucent  pieces  of  various  shades  of  yellow  and  brown ;  but  it  is  sometimes 
transparent  Its  specific  gravity  varies  from  1.065  to  1.07.  It  may  be  re- 
garded as  a  mixture  of  several  substances ;  namely,  a  volatile  oil,  succinie 
acid,  separable  like  the  former  by  heat,  two  different  modifications  of  resin 
both  soluble  in  alcohol  and  ether,  and  a  peculiar  bituminous  matter,  which 
is  insoluble  in  alcohol  and  ether,  and  is  the  most  abundant  principle  ia 
amber.   (Berzelius.) 

BaUam$. — ^The  balsams  are  native  compounds  of  resin  and  benzoic  acid, 
and  issue  from  incisions  made  in  the  trees  which  contain  them,  in  the  same 
manner  as  turpentine  from  the  fir.  Some  of  them,  such  as  storax  and  ben- 
zoin, are  solid;  while  others,  of  which  the  balsams  of  Tohi  and  Peru  are 
examples,  are  viscid  fluids. 

Gum-retins. — ^The  substances  to  which  this  name  is  applied  are  the  con- 
crete juices  of  certain  plants,  and  consist  of  resin,  essential  oil,  gum,  and 
extractive  vegetable  matter.  The  two  former  principles  are  soluble  in  alco- 
hol, and  the  two  latter  in  water.  Their  proper  solvent,  therefore,  is  proof 
spirit.  Under  the  dass  of  gum-resins  are  comprehended  several  valuable 
medicines,  such  as  aloes,  ammoniaeum,  assafcetida,  euphorbium,  galbanum, 
gamboge,  myrrh,  scammony,  and  guaiacum. 

Caoutchouc^  commonly  called  elastic  gum'  or  Indian  rubber,  is  the  con- 
Crete  juice  of  the  Hceoea  caoutchouc  and  Jatropa  elastka^  natives  of  South 
America,  and  of  the  Ficuo  Indica  and  Artocarpus  iniegrifoHa^  which  grow 
in  the  East  Indies.  It  is  a  soft  yielding  solid,  of  a  whitish  colour  when  not 
blackened  by  smoke,  possesses  considerable  tenacity,  and  is  particularly  re- 
markable for  its  elasticity.  It  is  inflammable,  and  burns  with  a  bright 
flame.  It  is  insoluble  in  water  and  alcohol;  but  it  dissolves,  though  with 
some  difficulty,  in  pure  ether.  It  is  very  sparingly  dissolved  by  the  alkalies, 
but  its  elasticity  is  destroyed  by  their  action.  By  the  sulphuric  and  nitric 
acids  it  is  decomposed,  the  former  causing  deposition  of  charcoal,  and  the 
latter  formation  of  oxalic  acid. 

-  Caoutchouc  is  soluble  in  the  essential  oils,  ether,  naphtha,  cajeput  oil,  and 
in  the  voUitile  liquid  obtained  by  distilling  caoutchouc ;  and  from  all  these 
solvents,  except  the  essential  oils,  it  is  left  on  evaporation  without  loss  of  its 
elasticity.  Before  actually  dissolving,  the  caoutchouc  sweUs  up  remarkably, 
and  acquires  a  sofl  gelatinous  aspect  and  consistency:  in  this  state  it  is 
jised  for  rendering  cloth  and  leather  impervious  to  water,  and,  as  suggested 
bv  Dr.  Mitchell  of  Philadelphia,  may  be  cut  with  a  wet  knife  into  thin 
sheets  or  bottles,  and  be  extended  to  a  great  size«* 

•  Dr.  Mitchell  has  favoured  me  with  the  following  detailed  description  of 
his  peculiar  mode  of  preparing  bsgs  of  caoutchouc  of  large  sixe : — **  Soak 
the  common  bags  in  sulphuric  ether,  sp.  gr.  0.753,  at  a  temperature  not  less 
than  50^  Fahr.  for  a  period  of  time  not  less  than  one  week  (the  longer  the 
better).  Empty  ihe  bag,  wipe  it  dry,  put  into  it  some  dry  powder,  such  as 
starch,  insert  a  tube  into  the  neck,  and  &sten  it  by  a  broad  soft  band  slight- 
ly applied,  and  then  commence  by  mouth  or  bellows  the  inflation.  If  the 
bag  be  unequal  in  thickness,  restrain  by  the  hand  the  bulging  of  the  thinner 
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When  caontchoac  is  c«atiouily  heated,  it  fiiaes  without  decomponUon; 
but  at  a  biffher  temperature  it  la  resolved  into  a  volatile  liquid  of  a  brown 
colour,  which  amounts  to  d-lOths  of  the  original  caoutchouc  When  care- 
fulfj  rectified,  a  very  volatile  liquid  of  sp.  gr,  0.64  is  obtained,  which  is  very 
combustible  and  bums  with  a  bright  flame,  mingles  with  alcohol,  and  dis- 
solves copal  and  other  resins.  It  is  manufactured  in  large  quantity  by 
Messrs.  £nderby,  of  London,  and  is  very  useful  as  a  solvent  fbr^caoutchooc 
and  for  the  preparation  of  varnishes. 

Wax. — ^Thifl  substance,  which  partakes  of  the  nature  of  a  fixed  oU,  is  an 
abundant  vegetable  production,  entering  into  the  composition  of  the  pollen 
of  flowers,  covering  the  envelope  of  the  plum  and  other  fruit,  especially  tiie 
berries  of  the  Myriea  ceriferu^  and  in  many  instances  forming  a  kind  of 
varnish  to  the  surface  of  leaves.  From  this  circumstance  it  was  long  sup- 
posed that  wax  is  soleW  of  vegetable  origin,  and  that  the  wax  of  the  honey, 
comb  is  derived  from  flowers  only;  but  it  appears  from  the  observations  of 
Huber  that  it  must  likewise  be  regarded  as  an  animal  product,  since  he 
Ibund  bees  to  depoeite  wax,  though  fed  on  nothing  but  sugar.  Consistently 
with  this  remark  it  has  been  proved  by  Oppermann  that  pure  vegetable  wax 
diflfers  from  bees-wax  in  the  ratio  of  its  elements.  (An.  de  Ch.  et  de  Ph. 
xlix.240.) 

Common  wax  is  always  more  or  less  coloured,  and  has  a  distinct  peculiar 
odour,  of  both  which  it  may  be  deprived  by  exposure  in  thin  slices  to  light, 
air,  and  moisture,  or  mora  speedily  by  the  action  of  chlorine.  At  ordinary 
temperatures  it  is  solid,  and  somewhat  brittle;  but  it  may  easily  be  cut 
with  a  knife,  and  the  fresh  surface  presents  a  characteristic  appearance,  to 
which  the  name  of  waxy  lustre  is  applied.  Its  specific  gravity  is  0.96.  At 
nbottt  X50^  it  enters  into  fusion,  and  boils  at  a  high  temperature.  Heated  to 
redness  in  close  vessels  it  suffers  complete  decomposition,  yielding  products 
wtj  similar  to  those  which  are  procured  under  the  same  circumstances 
from  oiL  As  it  bums  with  a  clear  white  light,  it  is  employed  for  forming 
candles. 

Wax  is  insoluble  in  water,  and  is  only  sparingly  dissolved  by  boiling 
aleohol  or  ether,  from  which  the  greater  part  is  deposited  on  cooling.  It  is 
readily  attacked  by  the  fixed  alkalies,  being  converted  into  a  soap  which  is 
soluble  in  hot  water;  and  according  to  Pfafl',  the  action  is  attended,  as  in 
<»ils,  with  the  formation  of  an  acid,  to  which  the  name  of  eerie  acid  is  ap- 
plied. It  unites  by  the  aid  of  heat  in  every  proportion  with  the  fixed  and 
▼olatile  oils,  and  with  resin.  With  different  quantities  of  oil  it  constitutes 
the  simple  liniment,  ointment,  and  cerate  of  the  Pharmacopoeia. 

Wax,  according  to  the  observations  of  John,  consists  of  two  diflTerent 
principles,  one  of  which  is  soluble,  and  the  other  insoluble  in  alcohol.  To 
the  former  he  has  given  the  name  of  certn,  and  to  the  latter  of  mvricin. 
It  has  been  thought  that  these  principles  are  generated  in  the  wax  by  the 
alcohol  used  in  separating  them ;  but  the  opinion  of  John  is  supported  by  a 
fiict  tnentioned  to  me  by  Dr.  Christison,  namely,  that  the  suetty  matter  of 
the  cinnamon  berry  consists,  with  the  exception  of  a  little  oil,  entirely  of 
cerin,  without  any  myricin. 

parts,  until  the  thicker  have  been  made  to  give  way  a  little.  When  the  bag 
has  become  by  such  means  nearly  uniform,  inflate  a  little  more,  shake  np 
the  included  sUrch,  and  let  the  bag  collapse.  Repeat  the  inflation,  and 
carry  it  to  a  greater  extent,  again  permit  the  collapse,  again  inflate  still 
more  extensively,  and  so  on,  until  the  bag  is  sufficiently  distended.  Mere 
^  holders  are  thus  easily  made,  but  it  requires  some  dexterity  and  expe- 
rience to  make  them  thin  enough  for  balloons.  The  whole  experiment 
should  not  occupy  more  than  from  five  to  twenty  minutes  of  time ;  and  the 
prepared  hag  should  be  dosed  and  hung  up  to  dry  for  a  day  or  two." — Ed, 
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BITUMINOUS  SUBSTANCES. 

Under  this  title  are  included  several  inflammable  substances  whicb, 
though  of  vegetable  origin,  are  found  in  the  eartii,  or  issue  from  its  surface. 
Tbey  may  be  conveniently  arranged  under  the  two  heads  of  bitumen  and 
pit-coaL  The  first  comprehends  naphtha,  petroleuniy  mineral  iar,  aaphaUttm^ 
mineral  pitch,  and  retinaephaUum,  of  which  the  three  first  mentioned  are 
liquid,  and  the  others  solid.  The  second  comprises  broum  coal,  the  different 
varieties  of  common  or  black  coal,  and  glance  coal. 

BITUMEN. 

The  characters  of  naphtha,  the  purest  form  of  bitumen,  have  already 
been  described  (page  252). 

Petroleum  is  much  less  limpid  thaii  naphtha,  has  a  reddish-brown  colour, 
and  is  unctuous  to  the  touch.  It  is  found  in  several  parts  of  Britain  and  the 
continent  of  Europe,  in  the  West  Indies,  and  in  Persia.  It  occurs  particu- 
larly  in  coal  districts.  Mineral  tar  is  very  similar  to  petroleum,  but  is  more 
▼isctd  and  of  a  deeper  colour.  Both  these  species  become  thick  by  exposure 
to  the  atmosphere,  and  in  the  opinion  of  Mr.  Hatchett  pass  into  solid 
bitumen. 

AsphaUum  is  a  solid  brittle  bitumen,  of  a  black  colour,  vitreous  lustre, 
and  conchoidal  fracture.  It  melts  easily,  and  is  very  inflammable.  It  emits 
a  bituminous  odour  when  rubbed,  and  by  distillation  yields  a  fluid  like 
naphtha.  It  is  soluble  in  about  five  times  its  weieht  of  naphtha,  and  the 
solution  forms  a  good  varnish.    It  is  rather  denser  uan  water. 

Asphaltum  is  found  on  the  surface  and  on  the  banks  of  the  Dead  Sea, 
and  occurs  in  large  quantity  in  Barbadoes  and  Trinidad.  It  was  employed 
by  the  ancients  in  building,  and  is  said  to  have  been  used  by  the  Egyptians 
in  embalming. 

JIfttierai  Pitch  or  Maltha  is  likewise  a  solid  bitumen,  but  is  much  softer 
than  asphaltum.  Elastic  bitumen,  or  mineral  caoutchouc,  is  a  rare  variety 
of  mineral  pitch,  found  only  in  the  Odin  mine,  near  Castleton  in  Derby, 
shire. 

Eetinasphaltum  is  a  peculiar  bituminous  substance,  found  associated 
with  the  brown  coal  of  Bovey  in  Devonshire  (Phil.  Trans.  1804).  It  con- 
sists partly  of  bitumen,  and  partly  of  resin,  a  composition  which  led  Mr. 
Hatchett  to  the  opinion  that  bitumens  are  chiefly  formed  from  the  resinous 
principle  of  plants. 

Inflammable  Principles  of  Tar, 

Among  the  products  of  the  destructive  distillation  of  vegetable  and  ani« 
mal  substances  is  a  black  inflammable  liquid  called  tar,  which  in  aspect 
resembles  the  tar  from  fir  (page  546).  A  large  quantity  is  formed  during 
the  distillation  of  wood,  and  in  the  preparation  of  coal  ffas.  The  tar  obtain- 
ed  from  such  sources  has  been  the  subject  of  an  elaborate  inquiry  by  Dr. 
Reichenbach,  of  Blansko,  who  has  discovered  in  it  no  fewer  than  six  new 
principles;  namely,  paraffine,  eupione,  creoeote,  picamar,  eapnomor,  and 
pittaeal.  A  description  of  the  two  former  will  be  found  at  pages  251-2,  and 
the  latter  will  be  described  in  this  place.  The  original  essays  of  Reichen- 
bach appeared  in  Scbweigger-Seidcrs  Journal  for  1830  and  the  following 
years. 

CreoBote, — ^This  substance  exists  in  solution  in  crude  pyroligneous  acid ; 
but  it  is  best  prepared  from  those  portions  of  the  oil  distilled  from  wood-tar, 
which  are  heavier  than  water.  The  oil  is  first  freed  from  adhering  acetic 
acid  by  carbonate  of  potassa,  and,  after  separation  fVom  the  acetate,  is  dis- 
tilled. A  little  phosphoric  acid  is  mixed  with  the  product  to  neutralize 
ammonia,  and  another  distillation  resorted  to.    It  is  next  mixed  with  » 
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strong  folutiofa  of  potaaaa,  which  combines  with  creosote,  bUows  any 
eupione  which  may  be  present  to  collect  on  its  surface,  and  by  digestion 
decomposes  other  organic  matter :  the  alkaline  solution  is  then  neutralized 
hv  sulphuric  acid,  and  the  oil  which  separates  is  collected  and  distilled. 
For  the  complete  purification  of  the  creosote,  this  treatment  with  potasso, 
followed  by  neutndizatton  and  distillation,  requires  to  be  frequently  re- 
peated. 

Creosote  is  a  colourless  transparent  liquid  of  an  oily  consistence,  which 
retains  its  fluidity  at— 17<^,  has  a  sp.  gr.  of  1.037  at  68^  boils  at  dQT^',  is 
at  non-conductor  of  electricity,  and  refracts  light  powerfully.  It  has  a  burn- 
ing taste  followed  by  sweetness,  and  its  odour  is  like  that  of  wood-smoke  or 
rather  of  smoked  meat  It  is  highly  antiseptic  to  meat :  the  antiseptic  vir- 
tue of  tar,  smoke,  and  crude  pyroligncous  acid  seems  owing  to  the  presence 
of  creosote.  Its  name,  from  K^*acfle$h^  and  «-•{«  /  save,  was  suggested  by 
this  property. 

Creosote  requires  abont  80  parts  of  water  for  solution,  and  u  soluble  in 
every  proportion  in  alcohol,  ether,  sulphuret  of  carbon,  eupione,  and  naphtha. 
It  has  neither  an  acid  nor  alkaline  reaction  with  test-paper,  but  combines 
both  with  acids  and  alkalies.  With  potassa,  soda,  lime,  and  baryta  it  forms 
compounds  soluble  in  water ;  but  the  creosote  is  separated  even  by  feeble 
acids.  Of  the  acids,  it  unites  most  readily  with  the  acetic,  dissolving  in 
every  proportion:  by  strong  nitric  and  sulphuric  acid  it  is  decomposed 
Creosote  unites  also  with  chlorine,  iodine,  bromine,  sulphur,  and  phosphorus. 

Creosote  acts  powerfully  in  coagulating  albumen,  this  effect  being  pro> 
dueed  by  a  solution  of  one  drop  in  a  largre  quantity  of  water.  It  acts  with 
energy  on  living  beings.  Insects  and  fish  thrown  into  the  aqueous  soiutioa 
of  creosote  are  killed,  and  plants  die  when  watered  with  it  It  appears  nae- 
fill  in  medicine :  it  is  said  to  be  yery  efficacious  as  a  topical  appUcation  in 
toothach,  ulcers,  and  cutaneous  diseases;  and  it  probably  admits  of  many 
other  applications. 

Creosote  is  a  compound  of  carbon,  hydrogen,  and  oxygen,  but  the  ratio  of 
its  elements  is  not  yet  known. 

Picamar. — This  substance  is  the  bitter  principle  of  tar,  whence  it  derives 
its  name  (in  piee  amafum).  It  is  present  in  the  heaviest  portions  of  the  rec- 
tified oil  of  tar,  and  when  these  are  treated  by  potassa,  a  crystalline  oom« 
pound  of  the  alkali  and  picamar  is  formed :  this  compound,  when  purified 
b^  repeated  solution  in  water  and  crystallization,  is  decomposed  by  phospho- 
ric acid,  and  the  picamar  separated  by  distillation. 

Picamar  is  an  oily  colourless  liquid,  of  a  peculiar  odour  and  very  bitter 
taste.  Its  sp.  gr.  is  1.100,  and  it  boils  at  545°,  being  considerably  less  volar 
tile  than  creosote.  It  is  insoluble  in  eupione  and  sparingly  soluble  in  water ; 
but  it  dissolves  without  limit  in  alcohol  and  ether.  It  lias  no  action  on  test- 
paper;  but  it  unites  with  potassa  as  above  mentioned,  and  strong  sulphuric 
acid  dissolves  it  without  decomposition.  From  its  permanence  in  the  air, 
iti  fixity  when  heated,  and  its  oily  nature,  it  is  well  adapted  for  greasing 
machinery  and  protecting  it  from  rust    Its  composition  is  unknown. 

Cafmomor. — ^This  substance  occurs  along  with  creosote,  picamar,  and  pit- 
tacal  in  the  heavy  oil  of  tar.  On  digesting  that  oil  with  solution  of  potassa, 
the  three  latter  principles  are  dissolved,  and  the  capnomor  collects  on  the 
surface,  combined  with  a  little  eupione.  The  capnomor  is  then  dissolved  by 
sulphuric  acid,  in  which  eupione  is  insoluble ;  and  from  the  solution,  on 
being  neutralized  with  carbonate  of  potassa,  capnomor  separates,  and  is  pnri- 
fied  by  distillation.  Its  name  is  derived  from  M.jrfot  tmoke,  and  fioi^«  jpart, 
because  it  is  one  of  the  ingredients  of  smoke. 

Capnomor  is  a  colourless  transparent  liquid,  of  a  pungent  taste  and  rather 
pleasant  odour,  has  a  sp.  gr»  of  0.975,  and  refracts  light  almost  as  power- 
fully as  creosote.  It  boils  at  365^.  It  is  insoluble  ii^  water  and  solution  of 
potassa,  and  is  soluble  in  alcohol,  ether,  ond  eupione.  It  has  the  propi^rty 
of  dissolving  caoutchouc,  especially  when  heated,  and  is  the  only  ingredient 
of  tar  which  does  so:  its  presence  in  coal  naphtha  is  the  cause  of  the  sol- 
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vent  action  of  that  liquid  on  caoatchouc.  The  compoeition  of  capnomor 
has  not  been  ascertained,  though  doubtless  carbon  and  hydrogen  are  its 
principal  ingredients. 

PUiaeal. — When  the  heavy  oil  of  tar  is  digested  with  a  solution  of  ba- 
ryta, a  fine  blue  colour  appears,  which  is  due  to  pittacal,  from  sriTTet  pUeh^ 
and  xttxxoff  ornament  The  mode  of  preparing  it  has  not  been  described. 
It  is  a  solid  of  a  beautiful  blue  colour,  which  admits  of  being  fixed  as  a  dye. 
It  is  very  permanent,  contains  ditrogen  as  one  of  its  elements,  and  appears 
to  belong  to  the  same  class  of  bodies  as  indiga 


Broien  Cool  is  characterized  by  burning  with  a  pecnliar  bituminous  odour, 
like  that  of  peat  It  is  sometimes  earUiy,  but  the  fibrous  structure  of  the 
wood  fi'om  which  it  is  derived  is  generally  more  or  less  distinct^  and  hence 
this  variety  is  called  hitumirunu  wood.  Fitch  coal  otjet^  which  is  employed 
for  forming  ear-rings  and  other  trinkets,  is  intermediate  between  brown 
and  black  coal,  but  is  perhaps  more  closely  allied  to  the  former  than  the 
latter. 

Bro¥m  coal  is  found  at  Bovey  in  Devonshire  (fiovey  coal),  in  Iceland, 
where  it  is  called  9urturhrandy  and  in  several  parts  of  the  continent,  espe- 
cially at  the  Meissner  in  Hessia,  in  Saxony,  Prussia,  and  Styria. 

Cmnmon  or  Black  Coal, — Of  the  common  or  black  coal  there  are  several 
varieties,  which  difier  from  each  other,  not  only  in  the  quantity  of  foreign 
matters,  such  as  sulphuret  of  iron  and  earthy  substances,  which  they  con- 
tain, but  also  in  the  proportion  of  what  may  be  regarded  as  essential  consti- 
tuents. Thus  some  kinds  of  coal  consist  almost  entirely  of  carbonaceous 
matters,  and,  therefore,  form  little  flame  in  burning;  while  others,  of  which 
cannel  coal  is  an  example,  yield  a  large  quantity  of  inflammable  gases  by 
heat,  and  consequently  burn  with  a  large  flame.  Dr.  Thomson  has  arran^ 
the  difierent  kinds  of  coal  which  are  met  with  in  Britain  into  four  subdivi- 
sions. (An.  of  PhiL  xiv.)  The  first  is  eaking  coal<,  because  its  particles  are 
softened  by  heat  and  adhere  together,  formmg  a  compact  mass.  The  coal 
firand  at  Newcastle,  around  Manchester,  and  many  other  parts  of  England, 
is  of  this  kind.  Tbe  second  is  termed  aplint  coal,  from  the  splintery  appear- 
ance of  its  fracture.  The  cherry  coal  occurs  in  Stafibrdshire,  and  in  the 
neighbourhood  of  Glasgow.  Its  structure  is  slaty,  and  it  is  more  easily 
brolen  than  splint  coal,  which  is  much  harder.  It  easily  takes  fire,  and  is 
consumed  rapidly,  burning  with  a  clear  yellow  flame.  The  fourth  kind  is 
MfineZ  coal,  which  is  found  of  peculiar  purity  at  Wigan  in  Lancashire.  In 
Scotland  it  is  known  by  the  name  ofpmrrot  coal.  From  the  brilliancy  of  the 
light  which  it  emits  while  burning,  it  is  sometimes  used  as  a  substitute  for 
candles,  a  practice  which  is  said  to  have  led  to  the  name  of  camul  coal.  It 
has  a  very  compact  structure,  does  not  soil  the  fingers  when  handled,  and 
admits  of  beinp^  polished.  Snuff'-boxes  and  other  ornaments  are  made  with 
this  coal ;  and  it  is  peculiarly  well  fitted  for  forming  coal  gas.  According  to 
the  experiments  of  Thomson,  these  varieties  of  coal  are  thus  constituted  : — 

Caking  CoaL  Splint  Coal.  Cherry  Coal.  Cannel  Coal. 
Carbon            75.28                   75.00                   7445  64.72 

Hydrogen         4.18  6.25  12.40  21.56 

Nitrogen         15.96  6i25  10.22  13.72 

Oxygen  4.58  12.50  2.93  0.00 

100.00  100.00  100.00  100.00 

Judging  from  the  quantity  of  oxidized  products  (water,  carbonic  acid,  and 
carbonic  oxide)  which  are  procured  during  the  distillation  of  coal,  Henry  in- 
fers that  coal  contains  more  oxygen  than  was  found  bv  Thomson.  (Elements, 
11th  Edit,  il  p.  348.)  TThis  opinion  is  supported  by  the  analysis  of  Ure,  who 
found  86.66  per  cent  of  oxygen  in  splint,  and  21.9  in  cannel  coaL    When 
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ooftl  is  beatad  to  redness  in  dose  vessels,  a  great  qnantity  of  volatile  matter 
is  dissipated,  and  a  carbonaceous  residue,  called  coke,  remains  in  the  retort. 
The  volatile  substances  are  coal  tar,  acetic  acid,  water^  hydrosulphuric  acid, 
and  hydrosulphate  and  carbonate  of  ammonia,  tc^thcr  with  the  several 
gases  formerly  enumerated.  The  greater  part  of  these  substances,  even 
most  of  the- bituminous  principles,  are  real  products,  that  is,  are  generated 
during  the  distillation. 

Cnanee  CoaL — Glance  coal,  or  antftroctle,  differs  from  common  coal, 
which  it  frequently  accompanies,  in  containing  no  bituminous  substances, 
and  in  not  yielding  inflammable  gases  by  distillation.  Its  sole  combustible 
ingredient  is  carbon,  and  consequently  it  burns  without  flame.  It  commonly 
occurs  in  the  immediate  vicinity  of  basalt,  under  circumstances  which  Icuid 
to  the  suspicion  that  it  is  coal  n-om  which  the  volatile  ingredients  have  been 
ezpeUed  by  subterranean  heat  At  the  Meissner,  in  Hessia,  it  is  found  be. 
tween  a  bed  of  brown  coal  and  basalt  Kilkenny  coal  appears  to  be  a  va- 
riety  of  glance  ccmU.  (Thomson,  An.  of  PhiL  vol.  xv.) 


SECTION  V. 

SPIRITUOUS  AND  ETHEREAL  SUBSTANCES. 
•SlcohoL 

Alcohol  is  the  intoxicating  ingredient  of  all  spirituous  and  vinous  liquors. 
It  does  not  exist  ready  formed  in  plants,  but  is  a  product  of  the  vinous  fer- 
mentation, the  theory  of  which  will  be  stated  in  a  subsequent  section. 

Common  alcohol  or  spirit  of  wine  is  prepared  by  distilling  whisky  or 
some  ardent  spirit,  and  the  rectified  spirit  of  wine  is  procured  by  a  second 
distillation.  The  former  has  a  specific  gravity  of  about  0.867,  and  the  lat- 
ter of  0.835  or  0.84.  In  this  state  it  contains  a  quantity  of  water,  from 
which  it  may  be  freed  by  the  action  of  substances  which  have  a  strong 
affinity  for  that  liquid,  llius,  when  carbonate  of  potassa  heated  to  300°  is 
mixed  with  spirit  of  wine,  the  alkali  unites  with  the  water,  forming  a  dense 
solution,  which,  on  standing,  separates  from  tlie  alcohol,  so  that  the  latter 
may  be  removed  by  decantation.  To  the  alcohol,  thus  deprived  of  part  of 
its  water,  fresh  portions  of  the  dry  carbonate  are  successively  added,  until 
it  falls  through  the  spirit  without  being  moistened.  Other  substances, 
which  have  a  powerful  attraction  for  water,  may  be  substituted  for  carbo- 
nate of  potassa.  Gay-Lussac  recommends  the  use  of  pure  lime  and  baryta 
(An.  de  Ch.  Ixxxvi.) ;  and  dry  alumina  may  also  be  employed.  A  very  con- 
venient process  is  to  mix  the  alcohol  with  cblorido  of  calcium  in  powder, 
or  with  quicklime,  and  draw  off  the  stronger  portions  by  distillation.  An- 
other  proccjs,  which  has  been  recommended  for  depriving  alcohol  of  water, 
is  to  put  it  into  the  bladder  of  an  ox,  and  suspend  it  over  a  sand-bath.  The 
water  gradually  passes  through  the  coats  of  the  bladder,  while  the  pure  al- 
cohol is  retained ;  but  though  this  method  answers  well  for  strengthening 
weak  spirit,  its  power  of  purifying  strong  alcohol  is  very  questionable. 
(Journal  of  Science,  xviiL)  The  strongest  alcohol  which  can  be  procured 
by  any  of  these  processes  has  a  specific  gravity  of  0.796  at  60°  F.  This 
is  called  mb$olute  alcohol,  to  denote  its  entire  freedom  from  water. 

An  elemint  and  easy  process  for  procuring  absolute  alcohol  has  been  pro- 
posed by  Mr.  Graham.  (Edin.  Philos.  Trans.  182a)  A  large  shallow  basin 
is  coveted  to  a  small  depth  with  quicklime  in  coarse  powder,  and  a  smaller 
one  containing  three  or  four  ounces  of  commercial  alcohol  is  supported  just 
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li\>oTe  it  The  whole  n  placed  upon  the  plate  of  an  air-pump,  covered  by  a 
low  receiver,  and  the  air  withdrawn  until  the  alcohol  evinces  signs  of  ebul- 
lition. Of  the  mingled  vapours  of  water  and  alcohol  which  fill  the  receiver, 
the  former  alone  is  absorbed  by  the  quicklime,  while  the  latter  is  unaffected. 
Now  it  is  found  that  water  cannot  remain  in  alcohol,  unless  covered  by  an 
atmosphere  of  its  own  vapour ;  and  consequently  the  water  continues  to 
evaporate  without  interruption,  while  the  evaporation  of  the  alcohol  is  en- 
tirely arrested  by  the  pressure  of  the  vapour  of  alcohol  on  its  surface. 
Common  alcohol  is  in  this  way  entirely  deprived  of  water  in  the  course  of 
about  five  days.  The  temperature  should  be  preserved  as  uniform  as  possi- 
ble during  the  process.  Sulphuric  acid  cannot  be  substituted  for  quicklime, 
since  both  vapours  are  absorbed  by  this  liquid. 

Alcohol  is  a  colourless  limpid  fluid,  of  a  penetrating  odour,  and  burning 
.  taste.  It  is  highly  volatile,  boiling,  when  ittf  density  is  0.820,  at  the  tempe- 
rature of  176°  F.  The  sp.  gravity  of  its  vapour,  according  to  Gay-Lussac, 
IB  1.613.  Like  volatile  riquids  in  general,  it  produces  a  considerable  degree 
of  cold  during  evaporation.  It  has  hitherto  retained  its  fluidity  under  every 
degree  of  cold  to  which  it  has  been  exposed. 

Alcohol  is  highly  inflammable,  and  burns  with  a  lambent  yellowish-blue 
flame.  Its  colour  varies  considerably  with  the  strength  of  the  alcohol,  the 
blue  tint  predominating  when  it  is  stronsr,  and  the  yellow  when  it  is  diluted. 
Its  combustion  is  not  attended  with  the  least  degree  of  smoke,  and  the  sole 
products  are  water  and  -carbonic  acid.  When  transmitted-  through  a  red- 
Bot  tube  of  porcelain,  it  is  resolved  into  carburetted  hydrogen,  carbonic 
oxide,  and  water,  and  the  tube  is  lined  with  a  small  quantity  of  charcoal. 

Alcohol  unites  with  water  in  every  proportion.  The  act  of  combining  is 
ttsually  attended  with  diminution  of  volume,  so  that  a  mixture  of  50  mea- 
sures of  alcohol  and  50  of  water  occupies  less  than  100  measures.  Owing  to 
this  circumstance,  the  action  is  accompanied  with  increase  of  temperature. 
Since  the  density  of  the  mixture  increases  as  the  water  predominates,  the 
strength  of  the  spirit  may  be  estimated  by  its  sp.  gravity.  Equal  weights 
of  abeolute  alcohol  and  water  constitute  proof  spirit^  the  density  of  whidi  is 
0.917 ;  but  the  proof  spirit  employed  by  the  colleges  for  tinctures  has  a  sp. 
gravity  of  0.930,  or  0.935. 

Of  the  salifiable  bases  alcohol  can  alone  dissolve  potassa,  soda,  lithia,  am- 
monia,  and  the  vegetable  alkalies.  None  of  the  earths  or  other  metallic 
oxides  are  dissolved  by  it  Most  of  the  acids  attack  it  by  the  aid  of  heat, 
giving  rise  to  a  class  of  bodies  to  which  the  name  oi  ether  is  applied.  All  the 
salts  which  are  either  insoluble,  or  sparingly  soluble  in  water,  are  insoluble 
in  alcohol.  The  efiloresoent  saltd  are,  likewise,  for  the  most  part  inspluble- 
in  this  menstruum ;  but,  on  the  contrary,  it  is  capable  of  dissolving  nearly 
an  the  deliquescent  salts,  except  carbonate  of  potassa.  Many  of  tlie  vegeta- 
ble principles,  such  as  sugar,  manna,  camphor,  resins,  balsams,  and  the  es- 
sential oils,  are  soluble  in  alcohol. 

The  solubility  of  certain  substances  in  alcohol  appears  owing  to  the  for- 
mation of  definite  compounds,  which  are  soluble  in  that  liquid.  This  has 
been  proved  of  the  chlorides  of  calcium,  manganese,  and  zinc,  and  of  the 
nitrates  of  lime  and  magnesia,  by  Mr.  Graham  in  the  essay  above  cited.  It 
appears  from  his  experiments  that  all  these  bodies  unite  with  alcohol  in  de- 
finite  proportion,  and  yield  crystalline  compounds,  which  are  deliquescent 
and  soluble  both  in  water  and  alcohol.  From  their  analogy  to  hydrates, 
Mr.  Graham  has  applied  to  them  the  name  of  alcoatea.  These  are  formed 
by  dissolving  the  substances  in  absolute  alcohol  by  means  of  heat,  when  on 
cooling  a  group  of  crystals  more  or  less  irregular  is  deposited.  The  salt  and 
alcohd  employed  for  the  purpose  should  be  quite  anhydrous ;  for  the  crys- 
tallization  is  prevented  by  a  very  small  quantity  of  water.  Estimating  the 
combining  proportion  of  alcohol  at  23.24,  the  alcoate  of  chloride  of  calcium 
is  composed  oi^  one  equivalent  of  chloride  of  calcium,  and  three  equivalents 
and  a  half  of  alcohoK  Nitrate  of  magnesia  crystallizes  with  nine  eouivalents 
of  alcohol;  nitrate  of  lime  with  two  and  a  half  equivalents ;  protochloride  of 
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manganese  with  three  eqnifalentf ;  and  chloride  of  anc  with  half  an  e/pxrC 

lent  of  alcohol. 
The  following  Btateoient  of  the  componenta  of  alcohol  ia  drawn  from  an 

analyais  by  Sauasure  (An.  de  Ch.  Izzzix.)  :— 

Carhon  53.17  12M  3C     or      34.48  4C 

Hydrogen       13.04  3  3H  6  6H 

Oxygen  34.79  8  O  16  30 


100.00  33^         C«HsO  46.48      •€«•(>«. 

Chemigts  are  not  agreed  about  the  equivalent  of  alcohol.  It  la  usualljcon^ 
aidered  as  23.24  or  23,  an  opinion  supported  by  the  composition  of  the  al. 
coates  above  mentioned ;  hot  some  circumstances  &vour  the  adoption  of  twice 
that  number,  agreeably  to  the  second  of  the  preceding  formuls.  Admitting 
33.24  as  its  equivalent,  100  measures  of  the  vapour  of  alcohol  may  be  viewed 
as  consisting  of  100  measures  of  defiant  gas  and  100  of  aqueous  vapour ; 
since  0.9808  (sp.  gr.  of  defiant  gas)-|-0.6202  (sp.  gr.  of  aqueous  vapour) 
kI.6009,  which  closely  coincides  with  the  observed  sp.  gravity  of  the  vapour 
of  alcohol.  The  formula  of  alcohol  will  in  this  case  be  HK^^^ll;  and  alco- 
hoi  is  really  resolved  into  olefiant  gas  and  water  by  the  action  of  galvanism 
(Ritchie).  Adopting  46.48  as  the  equivalent  of  alcohol,  then  it  may  be  viewed 
as  a  compound  of  etherine  (page  350)  and  aqueous  vapour,  H<7^-f-3H;  or  as 
a  hydrate  of  ether  formed  of  equal  volumes  of  the  vapours  of  ether  and  wa- 
ter, united  without  condensation.  On  both  hypotheses,  the  calculated  density 
of  the  vapour  of  alcohol  agrees  with  observation. 

Alcohol  exists  ready  formed  in  wine  and  spirituona  liquors,  and  may  be 
collected  without  heat,  Mr.  Brande  (Phil  Trans.  1811  and  1813)  procured  . 
it  from  wine  by  precipitating  the  acid  and  extractive  colouring  matters  by 
Bttbacetate  of  lead,  and  then  depriving  the  alcohol  of  water  by  dry  carbonate 
of  potassa :  the  pare  alcohol  may  then  be  measured  in  a  graduated  tabSi 
Gay-Lussac  obtained  alcohol  from  wine  by  distilling  it  in  mieuo  at  the  teoA- 
perature  of  60°  F.  He  also  succeeded  in  separating  the  alcohol  by  the  me. 
thod  of  Mr.  Brande ;  but  he  suggests  the  employment  of  litharge  in  toe 
powder,  instead  of  subacetate  of  lead,  for  precipitating  the  cdonring  matter. 
(Mem.  d*Arcueil,  vol.  iii.) 

The  preceding  researches  of  Mr.  Brande  led  him  to  examine  the  quantity 
of  alcohol  contained  in  spirituous  and  fermented  liquors.  According  to  hii 
experiments,  brandy,  rum,  gin,  and  whisky,  contain  from  51  to  54  per  cent 
of  alcohol,  of  specific  gravity  0.825.  The  stronger  wines,  such  aa  Lisas, 
Raisin  wine,  Marsala,  Port,  Madeira,  Sherry,  Teneriffc,  Constantia,  Malaga, 
Bucellas,  Calcavella,  and  Vidonia,  contain  from  between  18  or  19  to  35  per 
cent  of  alcohol.  In  Claret,  Sauterne,  Burgundy,  Hock,  Champagne,  Uer- 
mitage,  and  Gooseberry  wine,  the  quantity  is  from  13  to  17  per  cent  la 
cider,  perry,  ale,  and  porter,  the  quantity  varies  from  4  to  near  10  per  cent. 
In  all  spirits,  such  as  brandy  or  whisky,  the  alcohol  is  simply  combined 
with  water  ;  whereas  in  wine  it  is  in  combination  with  mncilaginoust  sac* 
charine,  and  other  vegetable  principles,  a  condition  which  tends  to  diminish 
the  action  of  the  alcohol  upon  the  system.  This  may,  perhaps,  account  fbc 
the  fact  that  brandy,  which  contains  little  more  than  twice  aa  much  real  al> 
cohol  aa  good  port  wine,  has  an  intoxicating  power  which  is  considerably 
more  than  double. 

Ether. 

Most  of  the  stronger  acids,  when  heated  with  alcohol,  give  rise  to  the 
formation  of  a  volatile  inflammable  liquid  called  eMer,  the  difierent  kinds  of 
which  are  further  distinguished  by  the  name  of  the  acid  with  which  they 
were  prepared.  Thus  by  sulphuric,  hydrochloric,  and  oxalic  ether  are 
meant  the  ethers  formed  by  means  of  sulphuric,  hydrochloric,  and  oxalic 
^d.    Most  of  these  ethers  actually  contain  th»  add,  or  the  dements  of  the 
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add,  employed  in  their  ]m>duction,  and,  therefoie,  differ  essentially  (Who 
each  other;  but  that  which  is  formed  by  means  of  sulphuric  and  phosphoric 
acid  is  a  definite  compound  of  carbon,  hydrogen,  and  oxygen,  and  is  alto- 
gether free  from  acid.  It  is  to  this  compound  the  generic  term  ether  will 
always  be  applied. 

In  the  usual  process  for  preparing  ether,  strong  sulj^uric  acid  is  gently 
poured  upon  an  equal  weight  of  rectified  spirit  of^wine  contained  in  a  thin 
glass  retort,  and  alter  mixmg  the  fluids  together  by  agitation,  which  occa- 
sions a  sudden  rise  of  temperature,  the  mixture  is  heated  as  rapidly  as  poa- 
sible  until  ebullition  commences.  At  the  beffinninff  of  the  process  nothing 
but  alcohol  passes  over ;  but  as  soon  as  the  liquid  boils,  ether  is  generateo, 
and  condenses  in  the  recipient,  which  is  purposely  kept  cool  by  the  applica- 
tion of  ice  or  moist  cloths.  When  a  quantity  of  ether  is  collected,  equal  in 
l^eneral  to  about  half  of  the  alcohol  employed,  white  fumes  begin  to  appear 
m  the  retort.  At  this  period,  the  process  should  be  discontinued,  or  the  re- 
ceiver changed ;  for  although  ether  does  not  cease  to  be  generated,  its  quan- 
tity is  less  considerable,  and  several  other  products  make  their  appearance : 
thus  on  continuing  tlie  operation,  sulphurous  acid  is  disengaged,  and  a  yel* 
lowish  liquid,  commonly  called  ethereal  oU^  or  qU  of  lotne,  passes  over  mto 
the  receiver.  If  the  heat  be  still  continued,  a  large  quantity  of  defiant  gas  is 
disengaged,  and  all  the  phenomena  ensue  which  were  mentioned  in  the  de- 
scription of  that  compound.   (Page  247.) 

Ether,  thus  formed,  is  always  mixed  with  alcohol,  and  generally  with 
some  sulphurous  acid.  To  separate  these  impurities  the  ether  should  be 
agitated  with  a  strong  solution  of  potassa,  which  neutralizes  the  acid,  while 
tSa  water  unites  with  the  alcohol  The  ether  is  then  distilled  by  a  very 
gentle  heat,  and  may  be  rendered  still  stronger  by  distillation  from  chloriae 
of  calcium. 

Pure  ether  is  a  colourless  limpid  liquid,  of  a  hot  pungent  taste,  and  fra- 
grant odour.  Its  sp.  gr.  is  0.700,  or  0.632  according  to  Lovitz;  but  that  of 
the  shops  is  0.74,  or  even  greater,  owing  to  the  presence  of  some  alcohol 
and  water.  Its  volatility  is  very  great :  under  the  atmospheric  pressure* 
ether  of  sp.  gr.  0.720  boils  at  96^  or  98^,  and  at  — 4XP  in  a  vacuum.  Its 
evaporation,  from  the  rapidity  with  which  it  occurs,  occasions  intense  cold, 
sufficient  in  a  cool  atmosphere  for  freezing  mercury.  The  sp.  gr.  of  its 
vapour  was  found  by  GayXussac  to  be  2.586.    At  —^6°  it  is  congealed. 

Cther  combines  with  alcohol  in  every  proportion,  but  is  very  sparingly 
soluble  in  water.  When  agitated  with  water,  the  greater  part  separates  on 
standing,  a  small  quantity  being  retained,  which  imparts  an  ethereal  odour 
to  the  water.  The  ether  so  washed  is  very  free  from  alcohol,  which  com- 
bines by  preference  with  the  water. 

Ether  is  highly  inflammable,  burning  with  a  yellow  flame,  and  formation 
of  water  and  carbonic  acid.  With  oxygen  gas  its  vapour  forms  a  mixture, 
which  explodes  violently  on  the  approadi  of  flame,  or  b^  the  electric  spark. 
On  being  transmitted  through  a  red-hot  porcelain  tube  it  undergoes  decom- 
position, and  yields  the  same  products  as  alcohol. 

When  a  coil  of  platinum  wire  is  heated  to  redness,  and  then  suspended 
above  the  surfiice  of  ether  contained  in  an  open  vessel,  the  wire  instantly  be- 
gins to  glow,  and  continues  in  that  state  until  all  the  ether  is  consumed. 
During  this  slow  combustion,  pungent  acrid  fumes  are  emitted,  which,  if 
received  in  a  separate  vessel,  condense  into  a  oolourlcss  liquid  possessed  of 
acid  properties.  Professor  Daniell,  who  prepared  a  large  quantity  of  it, 
was  at  first  inclined  to  regard  it  as  a  new  acid,  which  he  described  under 
the  nanse  of  lampU  acid;  but  he  has  since  ascertained  that  its  acidity  is 
owing^  to  acetic  acid,  which  is  combined  with  some  compound  of  carbon 
and  hydrogen  different  both  firom  ether  and  alcohol.  (Journal  of  Science, 
vi.  and  xii.)  Alcohol,  when  similarly  bnmed,  likewise  yields  acetic  acid. 
'  If  ether  is  exposed  to  light  in  a  vessel  partially  filled,  and  which  is  fre- 
quently  opened,  it  gradually  absorbs  <aTgen,  and  a  portion  of  acetic  acid  is 
ffooenled.    This  change  was  first  noUoed  by  M.  Planche,  and  has  been 
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confirmed  by  Gay-LuMac.  (An.  de  Ch.  et  de  Ph.  ii.  98  and  913.)  M.  Henry 
of  Paris  attributes  iu  developement  to  acetic  ether,  which  he  believes  to  be 
always  contained  in  sulphuric  ether. 

The  solvent  properties  of  ether  are  less  extensive  than  those  of  slcohoL 
It  dissolves  the  essential  oils,  resina,  and  most  of  tlie  fatty  principles.  Some 
of  the  vegetable  alkalies  are  soluble  in  it,  and  it  dissolves  ammonia;  but  the 
fixed  alkalies  are  insoluble  in  ether. 

From  the  analyses  of  Saussure,  and  Dumas  and  Boullay,  Che  composition 
of  pure  ether  is  admitted  to  be  as  follows.' — 

Carbon         .        .        64.96  24.48        4  eq.  4C 

Hydrogen  13.47  5  5  eq.  5H 

Oxygen       ,        .        21.57  8  1  eq.  O 

100.00  37.48         leq.       C^H^O. 

On  comparing  the  composition  of  ether  with  that  of  alcohol,  it  will  be 
obvious  that  these  compounds  may  be  regarded  as  hydrates  of  ctherine 
(page  244):-4hus 

Alcohol.  Ether. 

Etherine    .  28.48        H«C«  28.48        H«C« 

Water    ...    18  2H  9  H 


46.48        H4CH-2H        37.48      H<:*+H. 

Recent  discoveries  in  organic  chemistry  have  induced  Berzelius  to  regard 
ether  as  the  oxide  of  a  compound  inflammable  body  called  ethule  or  dmfle 
(from  ether  and  vxjf  principle);  and  his  opinion  has  been  ably  supported  by 
Liebig  (An.  de  Ch.  et  de  Ph.  Iv.  113).  On  thia  supposition  ethule  consists  of 
4  eq.  of  carbon  and  5  eq.  of  hydrogen,  H'C'*,  so  tliat  the  formula  of  ether 
is  H«C^O,  a  constitntion  analogous  to  that  of  camphor.  It  may  be 
urged  against  this  view  that  ethule  has  not  been  obtained  in  a  separate 
form,  and  that  the  sp.  gr.  of  the  vapours  of  alcohol  and  ether  is  exactly 
such  as  would  be  expected  from  hydrates  of  etherine ;  but  as  a  theory  it 
applies  at  least  as  well  as  the  former  theory.  This  will  appear  from  the 
following  comparative  view,  which  represents  the  composition  of  the  prin- 
cipal compounds  described  in  this  section,  agreeably  to  both  theories. 
Etherine  is  expressed  symbolically  by  En,  and  ethule  by  £1  :^ — 


Alcohol     . 

En+2H  or 

EnH< 

£l+Hor  EIH. 

Ether    . 

En+H  or  EnH 

El+O  or  EL 

Sulpho-vinic  acid     . 

EnH«+S^ 

ElH+i», 

Ethero-sttlphuric  acid 

FjiH+2S 

E1+2S. 

Ethero-phospboric  acid 

EnH+p' 

El+P. 

OU  of  wine       . 

2En+2S 

Hydrochloric  eUier 

En+HCI 

Ei+a 

Hydriodic  ether 

En+m 

El+L 

Hydrobromie  ether 

En+HBr 

El+Br. 

Nitrous  ether 

EnH+ir 

El+N. 

Oxalic  ether 

EnH+te 

El+Qi 
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Benzoic  ether 

EnH+B 

El+B, 

Acetic  ether 

.        EnH+A 

El-f-Ai 

Tartaric  ether 

EnH+T 

Ei+f: 

Pyrozy  lid  spirit 

En+H 

E1+2C 

St^^f^'Vinie  Acid, — ^Tbia  acid  was  first  noticed  in  the  year  1800  by  M' 
Dabit,  and  has  since  been  studied  by  Sertuerner,  Vogel,  and  Gay-Lossac, 
and  more  lately  by  ScroUas,  Mennell,  Wohler  and  Liebigf,  and  Ma^us. 
(An.  de  Ch.  et  de  Ph.  xlvii.  421;  Phil.  Trans.  1826  and  1828;  and  Po^. 
Annalen,  xzvii.  367.)  It  is  formed  by  the  action  of  strong  sulphuric  acra 
on  alcohol^  and  plays  an  essential  part  in  the  formation  of  ether.  When 
the  ingredients  for  forming  ether  are  intermixed,  and  before  heat  is  applied, 
nearly  half  of  the  acid  exists  in  the  state  of  sulpho-vinic  acid,  and  may  be 
separated  from  sulphuric  acid  by  neutralizing  the  mixture  with  carbonate  of 
biuyta,  when  an  insoluble  sulphate  and  a  soluble  sulpho-vinate  of  baryta 
are  generated,  the  latter  of  which  by  evaporation  may  be  obtained  in  crys. 
tals.  Soluble  sulpho-vinates  of  lime  and  oxide  of  lead  may  be  obtained  in 
the  same  manner ;  and  by  decomposing  a  solution  of  these  salts  by  car- 
bonate  of  potassa  or  soda,  a  sulpho-vinatc  of  these  alkalies  is  formed. 

Sulpho-vinic  acid  may  be  procured  in  solution  by  exactly  decomposing 
enlpho-vinate  of  baryta  with  sulphuric  acid ;  but  it  has  not  been  obtained  in 
a  dry  state  except  when  combined  with  a  base.  Hennell  considers  the  acid 
to  be  a  componnd  of  sulphuric  acid  with  defiant  gas  or  etherine ;  but  the 
analyses  of  sulphcvinate  of  baryta  by  Wohler,  Uebiff,  «nd  Magnus  indicate 
that  it  consists  of  sulphuric  acid  and  alcohol.  The  crystals  of  this  salt 
copsist  of 

Probable  Formula. 
Ba-f-(EnHH-2S)-hH. 


On  healing  the  crystals  to  122^,  one  equivalent  of  water  of  crystallization 
is  expelled,  and  the  anhydrous  sulpho-vinate  remains;  but  on  raising  the 
heat,  aleohol  is  evolved,  and  sulphate  of  baryta  generated.  The  salt  cannot 
exist  as  a  sulpho-vinate  without  possessing  sufficient  water  to  convert  all  its 
etherine  into  alcohoL  Solpho-vinic  acid  may  be  viewed  as  a  bisulphate  of 
alcohol,  and  sulpho-vinate  of  baryta  as  a  double  sulphate  of  baryta  and  alco- 
hol, in  which  one  half  of  the  acid  is  neutralized  by  aloohol  and  the  other 
half  by  banrta. 

Tkwry  of  the  Farmaiwa  cf  Ether, — It  was  formerly  thought,  as  first  sag- 
ffested  by  Fourcroy  and  Vanqnelin,  that  the  sole  principle  oonoerned  in  the 
lormation  of  ether  was  tlie  attraction  of  sulphuric  acid  for  water,  by  which 
the  aloohol  was  directly  converted  into  ether.  It  is  apparently  in  this  way 
that  certain  substances  which  are  very  greedy  of  water,  such  as  the  arsenic 
and  fluoboric  acids,  and  tlie  chlorides  of  tin  and  arsenic,  effect  the  oonver- 
•ion  of  alcohol  into  ether ;  bat  it  is  now  obvions  that  the  ordinary  process  of 
forming  ether  by  sulphuric  acid,  is  of  a  more  complex  nature.  It  consists 
of  imo  distinct  parts,  namely,  the  formation  of  sulpho-vinic  acid,  and  the 
Stthsoqnent  decompoeition  of  that  acid  under  the  joint  agency  of  heat  and 
milphuric  acid.  The  affinities  which  determine  the  fiirmation  of  salpho- 
vima  add  are  the  attraction  of  sulphoric  acid  for  water  and  for  aloohd. 
The  nnhydrous  acid  is  divided  between  the  water  and  aloohol  in  such  a 
rthat 

47» 


Sulphoric  acid    . 

.        80.2    2S 

Baryta 

.    76.7    Ai 

Alcohol 

.        46.48  EnA» 

Water    .        . 

.      9      H 
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4  eq.  protohyOrale  of  nilphucic  acid  4(H+i)  ^   (Eii+2H>fsi 
and  1  eq.  of  abohol  .        .       £d4.2H    <^  and  2(2H+S). 

The  actual  composition  of  the  hydrated  acid  variee  with  the  Btrength  of 
the  acid  and  alcohol  which  are  used :  the  diagram  is  only  intended  to  indi- 
cate that  one-half  of  the  acid  yields  its  water  to  the  other  half,  and  com- 
bines with  alcohol.  Any  excess  of  alcohol  remains  ancombined  in  the 
mixture,  or  rises  in  vapour.  If  the  materials  are  kept  cool^  no  ether  is 
generated ;  hot  as  soon  as,  on  applying  heat,  the  temperature  rises  to  about 
SsO^i  the  sulpho-vinic  acid  is  resolved  into  hydrated  sulphuric  acid  and 
ether.  The  sulpho-?inic  acid  gradually  disappears,  and  all  the  sulphuric 
acid  returns  to  iU  original  state  of  a  hydrate,  except  that  it  is  rather  mote 
diluted  than  at  first  The  same  acid  may  be  employed  to  convert  sucoes- 
aive  portions  of  alcohol  into  ether,  until  it  becomes  too  dilute  to  form  sulpho- 
vinic  acid.  Consistently  with  the  foregoing  explanation,  Mr.  Hennell  ob> 
tained  ether  by  heating  sulpho-vinate  of  potassa  along  with  strong  sulphuric 
acid.  On  distilling  sulpho-vinate  of  potassa  with  sulphuric  acid,  not  con- 
centrated, but  diluted  with  half  its  weight  of  water,  he  procured  alcohol 
instead  of  ether.  Hence  it  seems  that  the  first  effect  of  heat  on  sulpho-vinic 
acid  is  to  expel  alcohol,  which,  if  too  much  water  is  not  present,  is  convert- 
ed into  ether  in  the  act  of  separation. 

^hero  sulphuric  Acid. — ^When  the  va[>our  of  anhydrous  sulphuric  acid 
is  introduced  into  absolute  alcohol  preserved  at  a  low  temperature,  a  yellow- 
ish oily  liquid  is  formed,  which  consists  of  hydrated  sulphuric  and  etbero- 
sulphuric  acid,  the  latter  consisting  of  sulphuric  acid  and  ether,  in  the  ratio 

indicated  by  the  formula  EnH4-28.  Its  prodiilction  is  owing  to  the  water 
and  etlier,  which  constitute  alcohol,  uniting  with  separate  portions  of  anhy- 
drous sulphuric  acid.  On  diluting  the  mixed  acids  with  water,  and  neu- 
tralizing with  carbonate  of  baryta,  an  insoluble  sulphate  and  soluble  ethero- 
sulphate  of  baryta  are  obtained.  The  latter  salt  does  not  crystallize,  and  is 
insoluble  in  alcohol,  in  which  respects  it  differs  from  sulpho-vinate  of  baryta. 
The  ethero-sulphttte  of  baryta,  when  dried  in  vacuo  along  with  sulphuric 
acid,  is  anhydrous,  and  consists  of  one  oq.  of  baryta  and  one  eq.  of  ethero- 

sulphuric  acid.    Its  formula  is  Ba-f<(EnH4-2S). 

Magnus,  who  disco^rered  this  acid  (Pog.  Annolen,  xxvii.  ^78),  abo  formed 
it  by  uie  action  of  anhydrous  sulphuric  acid  on  ether;  but  in  this  case  some 
oil  of  wine  was  generated  at  the  same  time,  indicating  the  separation  of  a 
portion  of  ether  into  etherine  and  waten  He  likewise  obtained,  by  partially 
aecomposing  ethero-sulphuric  aeid  by  heat,  another  acid  of  a  stmilar  com- 
poeition,ahe  nature  of  which  is  not  yet  determined. 

Etkero-jJiosphoric  Acid, — It  has  been  known  for  years  that  ether,  identi- 
cal with  that  above  described,  may  be  formed  by  heatin?  alcohol  with  con- 
centrated phosphoric  acid ;  and  Pelouze  has  lately  proved  that  its  formation 
is  preceded  by  the  production  of  an  acid  similar  to  the  foregoing.  (An.  de 
Ch.  et  do  Ph.  lii.  37.)  Phosphoric  acid  of  a  sp.  gr.  less  than  L2  bas  no 
effect  on  alcohol ;  and  if  in  a  state  of  great  concentration,  phosphoric  add 
decomposes  the  alcohol  entirely,  ole6ant  gas  is  disengoged,  a  liquid  like  oil 
of  wine  passes  over^  and  charcoal  is  set  free, — phenomena  similar  to  those 
produced  by  an  excess  of  strong  sulphuric  acid,  and  referable  to  the  strong 
affinity  of  those  acids  for  water.  To  prepare  ethero-phosphoric  acid,  mix 
equal  weights  of  alsolute  alcohol  and  phosphorie  add  in  the  state  of  syrup, 
heat  the  mixture. for  a  few  minutes  to  160«,  set  aside  for  twenty-four  boors, 
and  then  dilute  with  seven  parts  of  vrater  r  the  solution,  neutralized  by  car- 
bonate of  baryta,  boiled  to  expel  free  alcohol,  and  filtered,  yields  on  cooling 
a  white  ethero-phosphate  of  baryta  in  hexagonal  larainsB.  A  solution  of 
this  salt  exactly  decomposed  by  sulphuric  acid,  yields  ethero-pliosphoric 
add. 
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tthero-phoBphoric  scid  forms  soluble  salts  wHb  soda,  potassa,  ammonia, 

yta,  and  magnesia,  and  insoluble  ones  with  lime,  and  the  oxides  of  lead, 

rcury,  and  silver.    A  moderately  dilute  solution  suffers  very  partial  de- 

<npoeition  when  boiled,  which  explains  why  phosphoric  acid  and  alcohol 

leld  but  a  small  portion  of  ether ;  but  if  the  concentrated  acid  is  boiled, 

hen  ether,  traces  of  an  oily  matter  like  oil  of  wine,  and  defiant  gas  are 

▼olved,  leaving  at  length  phosphoric  acid  and  charcoaL 

Pelouze  considered  ethero^hosphoric  acid  as  a  compound  of  phosphoric 
acid  and  alcohol,  analogous  to  sulpho-vinic  acid;  but  from  a  subsequent 
analysis  by  Liebig,  it  appears  that  it  is  a  compound  of  phosphoric  acid  and 
ether  (page  556).  The  etbero-phosphate  of  barvta  in  crystals  contains 
twelve  eq.  of  water  of  crystallization,  which  may  be  expelled  by  heat,  leav- 
ing one  eq«  of  acid  and  two  eq.  of  baryta^  2Ba-|-(EnH4-P).  ,If  the  ether 
and  baryta  were  regarded  as  two  bases  united  with  phosphoric  acid,  the 

resulting  salt,.  (2Ba-|>-EnH)4-P«  would  be  analogous  in  composition  to  the 
anhydrous  rhombic  phosphate  of  soda  (page  452). 

Oil  of  Wine, — In  the  process  above  given  for  preparing  ether,  the  quantity 
of  alcohol  perpetually  diminishes,  and  that  of  free  sulphuric  acid  augments, 
the  temperature  of  the  mixture  rises,  and  at  length  the  same  changes  ensue 
as  in  the  preparation  of  defiant  gas  (page  247).  The  energetic  affinity  for 
water  exerted  by  the  sulphuric  acid  decomposes  the  ether  which  would 
otherwise  be  formed,  olefiant  gas  is  evolved,  and  the  oil  of  wine  collects  in 
the  receiver  in  form  of  a  yellowish  fluid.  It.  may  be  obtained  in  greater 
quantity  by  distilling  alcohol  with  an  equal  measure  of  snlphuric  acid.' 
The  oil  of  wine  should  be  purified  from  adhering  sulphurous  acid  and  ether 
by  washing  with  water,  and  be  then  dried  in  vacuo  along  with  sulphuric 
acid  and  fused  potassa.  Oil  of  wine  is  also  formed  when  sulpho-vinic  acid 
or  a  sulpho-vinate  is  distilled,  some  akohol  and  ether  being  first  disen- 


The 


he  oil  of  wine  has  an  oily  consistence,  an  aromatic  odour,  and  a  bitter- 
ish pungent  taste.  Its  sp.  gr.  is  1.133.  It  is  neutral  to  test  paper,  is 
sparingly  soluble  in  water,  but  more  freely  in  alcohol  and  ether,  from  which 
it  may  be  recovered  by  evaporation.  It  is  said  by  Henndl  to  consist  of 
sulphuric  acid,  united  with  twice  as  much  carbon  and  hydrogen  as  in 
sulpho-vinic  acid,  and  may  be  hence  regarded  as  a  sulphate  of  eUierine^  the 

formnU  of  which  is  £n-|-S  or  2En+SKS.  According  to  Serullas  it  also 
contains  half  as  much  water  as  is  associated  in  ether  with  etherine,  its  for- 
mula being  (2En-f  H)  +  2S.  When  evaporated  with  an  alkali,  or  simply 
boiled  along  with  a  little  water,  it  is  converted  into  olefiant  gas  and  sulpho- 
vinic  acid. 

In  the  preparation  of  ether,  the  last  portions  of  that  fluid  contain  oil  of 
wine  in  solution.  On  distilling  such  ether  firom  lime,  the  oil  of  wine  is 
changed  into  sulpho*vinic  acid,  which  unites  with  the  lime,  and  another 
oU^  matter  is  left,  which  is  lighter  than  water  and  oontains  no  sulphuric 
actd.    The  source  and  nature  of  this  oil  have  not  been  determined. 

HydroehUnie  Ether, — ^This  compound  is  generated  by  the  action  of  hydro- 
chloric acid  on  alcohol,  and  may  be  prepared  by  several  processes : — by  dis- 
tilling alcohol  previously  saturated  with  hydrochloric  acid  gas,  or  mixed 
with  an  equal  volume  of  strong  hydrochloric  acid ;  by  heating  a  mixture 
of  5  parts  of  alcohol,  5  of  strong  sulphuric  acid,  and  12  of  fused  sea-salt  in 
fino  powder;  or  by  distilling  alcohol  with  the  chlorides  of  tin,  bismuth, 
antimony,  or  arsenic.  The  products  are  transmitted  through  tepid  water, 
by  which  free  alcohol  and  acid  are  absorbed,  and  the  pure  hydrochloric 
ether  is  then  received  in  a  vessel  surrounded  by  ice  or  a  freezing  mixture. 

Hydrochk>ric  ether  is  a  colourless  liquid,  of  a  penetrating,  somewhat  allia- 
ceous, ethereal  odour,  and  a  strong  rather  sweet  taste.    Its  sp.  gr.  at  41^  is 
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O.T74,  and  it  is  so  yolatile  that  it  boib  at  about  54^,  It  is  neatral  to  test 
paper.  When  inflamed,  as  it  issaes  fiom  a  small  aperture,  it  bums  with  an 
emerald-^reen  flame  without  smoke,  yielding  abundant  vapours  of  hjdro- 
diloric  acid.  The  elements  of  this  ether  are  in  such  a  ratio  that  it  may  be 
▼iewed  either  as  a  hydreohlorate  of  etherine  or  a  chloride  of  ethnle  (pa^ 
556). 

Hjfdriodie  Eiher. — ^This  ether,  analogous  in  composition  to  the  foregoing, 
is  most  conveniently  generated  by  distiDing  at  a  gentle  heat  2^  parts  of 
iodide  of  phosphorus  with  1  part  of  alcohol  of  sp.  gr.  0.845.  The  product 
is  washed  with  water,  and  then  distilled  from  chloride  of  calcium.  This 
ether  is  colourless,  and  has  a  strcmg  ethereal  odour,  has  a  sp.  gr.  of  1.9206 
at72o,andboilsatl48^ 

Hydrobromic  Ether^ — ^This  ethcir  is  analogous  to  the  preceding,  and  is 
prmred  by  introducin|f  into  a  retort  40  parts  of  alcohol  of  sp.  gr.  0.84,  and 
1  of  phosphorus,  to  which  is  added  drop  by  drop  7  or  8  parts  of  bromine^ 
and  then  distilling.  By  the  reaction  of  the  phosphorus  and  bromine,  phos- 
phorous and  hydrobromic  acids  are  generated ;  and  the  latter  in  the  nascent 
state  unites  with  etherine.  The  product  should  be  washed  with  water,  to 
which  a  little  potassa  is  added,  in  order  to  separate  adhering  acid  and  al- 
cohoL 

Niirous  Ether. — ^The  three  foregoing  ethereal  fluids  may  be  viewed  as 
comjpounds  of  a  hydracid  with  etherine ;  but  the  ether  now  to  be  described 
consista  of  an  acid  in  combination  with  sulphqric  ether.  Nitrons  ether  ia 
prepared  by  distilling  a  mixture  of  concentrated  nitric  acid  with  an  eqoad 
weight  of  alcohol ;  mit  as  the  reaction  is  apt  to  be  exceedingly  violenCt  the 
process  should  be  conducted  with  extreme  care.  The  safest  method  is  to 
add  the  acid  to  the  alcohol  b^  small  quantities  at  a  time,  allowing  the  mix- 
tore  to  cool  afler  each  addition  before  more  acid  is  added.  T&  distilla- 
tion  is  then  conducted  at  a  very  gentle  temperature,  and  the  ether  collected 
in  Woulfe*s  apparatus.  During  the  process  there  is  a  disengagement  of 
nitrogen,  protoxide  and  binoxide  of  nitrogen,  and  carbonic  acid  gases,  from 
which  it  is  apparent  that  nitric  acid  is  deoxidized  at  the  expense  of  the  alco- 
hol. According  to  the  researches  of  Dumas  and  Boullay,  its  elements  are 
in  such  proporuon  that  it  may  be  viewed  as  a  com[>ound  of  37.48  parts  or 
one  eq.  of  ether,  and  38.15  or  one  eq.  of  hyponitrous  acid  <An.  de  Ch.  et  de 
Ph.  xxxii.  26.). 

The  nitrous  agrees  with  sulphuric  ether  in  its  leading  properties ;  but  it 
is  still  more  volatile.  When  recently  distilled  from  quicklime  by  a  gentle 
heat,  it  is  quite  neutral ;  but  it  soon  becomes  acid  by  keeping.  The  pro- 
ducts of  its  spontaneous  deoomposition  are  alcohod,  nitrous  acid,  and  s  little 
acetic  acid.  A  similar  change  is  instantly  effected  by  mixing  the  ether 
with  water,  or  distilling  it  at  a  high  temperature.  It  is  also  decomposed  by 
potassa,  and,  on  evaporation,  crystals  of  tho  nitrite  or  hyponitrite  of  that  al- 
kali*are  deposited  (Memoires  d*Arcueil,  i.). 

Oxaiie  Ether. — ^This  ether  is  generated  by  the  action  of  oxalic  acid  on 
common  ether  in  its  nascent  state,  and  is  conveniently  prepared  by  distil- 
ling 1  part  of  alcohol,  and  1  of  binoxalate  of  potassa,  with  2  parts  of  sol- 
phuric  acid.  At  first  alcohol  and  then  ether  pass  over,  and  lastly  the  oxalic 
ether  collects  as  an  oily  liquid  at  the  bottom  of  the  recipient  The  alcohol 
which  collects  is  repeatedly  returned  to  the  retort  and  redistilled.  The  oxalic 
ether  is  fluicklv  washed  with  water,  and  boiled  along  with  litharge  in  fine 
powder  until  the  boiling  point  of  the  liquid  descends  to  362^.  Ad£;ring  wa- 
ter and  alcohol  are  thus  dissipated,  and  free  oxalic  acid  combines  with  oxide 
of  lead :  the  oxalic  ether  is  then  decanted  and  distilled.  It  is  apt  to  contain 
a  small  quantity  of  oil  of  wine. 

Oxalic  ether  is  a  colourless  fluid  of  an  oily  aspect,  of  an  aromatic  alHa* 
eeoos  odonr,  and  a  sp.  gr.  of  1.0929  at  45^.  It  boils  at  362^.  It  is  neutral 
to  test  paper  when  pore,  is  sparingly  solnble  in  water,  and  dissolves  in  every 
proportion  in  aJoohol.  When  kept  for  some  time  it  is  decomposed,  and 
osane  aeid  separates  in  erystali;  and  with  aikalies  it  readily  yields  akohol 
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and  oxalic  acid.  According  to  the  analysis  of  Dumas  and  Bodlay,  it  is 
composed  of  36.24  parts  or  one  eq.  of  oxalic  acid^^and  37^  parts  or  one  eq. 
of  ether. 

When  oxalic  ether  is  briskly  agitated  with  an  aqueous  solution  of  pure 
ammonia,  a  white  precipitate  is  formed,  which,  afler  being  washed  sueces- 
sively  with  water  and  alcohol,  was  found  by  Liebig  to  be  pure  oxamide 
(page  500).  Alcohol  is  generated  at  the  same  time,  the  interchange  of  ele- 
ments being  such,  that~ 

1  eq.  oxalic  ether  (En-|-H[)-f-(2C-|-30)  5  1  eq.  oxamide  2C-hN-|-2H-h20 
and  1  eq.  of  ammonia        3H-|-N.         'p^  and  1  eq.  alcohol      En-f-2H. 

When  oxalic  ether  is  agitated  with  alcohol  saturated  with  ammonia,  no 
oxamide  is  formed,  and  the  solution  on  evaporation  yields  crystals,  which 
f^onsist  of  one  eq.  of  oxalic  ether  and  one  eq.  of  oxalate  of  ammonia.  This 
compound  may  be  viewed  as  an  ether-oxalate  of  ammonia,  ether-oxalic  acid 
consisting  of  two  eq.  of  oxalic  acid  and  one  eq.  of  ether,  a  constitution  similar 
to  ethero^ulphuric  acid.  This  compound  and  oxamide  are  both  generated 
when  dry  ammoniacal  gas  is  transmitted  over  oxalic  ether. 

Acetic  Ether, — This  compound  may  be  formed  by  distilling  strong  acetic 
acid  with  an  equal  weight  of  alcohol,  but  it  is  more  readily  produced  by  dis- 
tilling to  dryness  3  parts  of  acetate  of  potassa  and  3  of  alcohol  with  2  parts 
of  sulphuric  acid.  In  each  case  a  considerable  quantity  of  free  acetic  acid 
and  alcohol  arc  commonly  present,  and  hence  the  product  should  be  re« 
peatedly  returned  into  the  retort  and  redistilled.  Fragments  of  cliloride  of 
calcium  are  then  introduced,  which  gradually  combines  with  free  alcohol, 
forming,  if  in  quantity,  a  dense  stratum,  from  which  the  acetic  ether  may 
be  removed  by  a  syphon.  If  acetic  acid  is  present,  it  should  be  neutralized 
by  potassa,  and  the  acetic  ether  again  distilled. 

Acetic  ether  is  a  colourless  liquid,  of  ah  agreeable  but  burning  taste,  and 
a  very  fragrant  odour.  Its  densitv  is  0.882  at  65°,  and  it  boils  at  165°.  It 
is  soluble  in  7  or  8  times  its  weight  of  water  at  60°,  and  .in  all  proportiona 
in  alcohol  It  may  be  preserved  without  change ;  but  if  distilled  with  pure 
potassa  or  lime,  an  acetate  is  formed,  and  alcohol  passes  over.  It  consists  of 
one  eq.  of  acetic  acid  and  one  eq.  of  ether.  Formic  acid,  like  the  acetic, 
forms  an  ether  with  alcohol  without  the  aid  of  any  other  acid. 

Tartaric,  Citric,  and  Malic  Ether,  ^c. — These  ethereal  fluids  may  be  ob- 
tained by  distilling  their  respective  acids  with  sulphuric  acid  and  alcohol, 
aind  in  composition  are  analogous  to  oxalic  and  acetic  ethers.  Kinic  and 
benzoic  ethers  have  also  been  formed,  and  the  former  is  solid  at  common 
temperatures. 

Cyanuric  Ether, — This  ether  was  formed  by  Wohler  by  mixing  the  va- 
pours of  anhydrous  cyanuric  acid  and  alcohol,  and  collects  as  a  white  pow- 
der, nearly  insoluble  in  cold  alcohol.  It  is  soluble  by  aid  of  heat  in  a  mix- 
ture of  alcohol  and  ether,  and  crystallizes  in  colourkss  prisms  by  evapora- 
tion. When  heated  in  open  vessels,  it  fuses  and  then  passes  off  in  vapour. 
In  addition  to  cyanuric  acid  and  ether,  it  contains  the  elements  of  water ;  so 
that  it  is  not  analofifous  to  the  ethers  previously  described. 

Suljfhocyanic  JEUer.— The  substance  so  termed,  Liebig  discovered  by  dis- 
tilling a  mixture  of  1  part  of  sulphocyanuret  of  potassium,  2  of  sulphuric 
acid,  and  3  of  strong  alcohol.  He  believes  it  to  be  a  compound  of  sulphuret 
of  cvanogen  and  a  carburet  of  hydrogen.  (An.  de  Ch.  et  de  Ph.  xli.  202.) 

Chloric  Ether, — ^This  name  is  sometimes  applied  to  the  compound  of 
olefiant  gas  and  chlorine  (page  248),  and  sometimes  to  an  oily  liquid  pre- 
pared either  by  distilling  a  mixture  of  sulphuric  acid,  peroxide  of  manga- 
nese, sea-salt,  and  alcohol,  or  by  directly  transmitting  chlorine  gas  into  cold 
alcohol  It  is  probable,  from  tlie  mode  of  preparation,  that  the  liquid  ob- 
tained from  chlorine  and  alcohol  is  identical  with  chloral  (page  222).* 

*  Besides  those  mentioned  in  the  text,  there  is  still  another  variety  of 
chloric  ether,  formed  by  the  reciprocal  action  of  alcohol  and  chloride  of 
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OxidiMed  jBAcr.-*Tiu9  name  has  been  applied  bf  Dobereiner  to  a  tnb- 
•lanoe  obtained  by  diaUllinff  alcohol  with  sulphuric  add  and  peroxide  of 
manganeae ;  and  a  similar  compound  is  formed  by  placing  alcohol  in  a  dish 
covered  with  an  open  jar,  and  setting  just  over  the  surface  of  the  spirit  some 
moist  spongy  platinum  contained  in  watch-glasses.  The  substance  obtained 
by  the  latter  process  has  been  termed  acetal  by  Liebig  (Pog.  Ann.  juniL 
605) ;  bat  the  nature  and  properties  of  these  products  have  not  yet  been  de» 
termined,  nor  is  it  certain  that  they  are  definite  compounds. 

Pffroacetic  Srmrii, — ^This  compound  is  generated  by  distilling  the  salts  of 
acetic  acid,  and  is  one  of  the  ingredients  of  wood  tar.  It  was  obtained  by 
Derosne  from  acetate  of  copper,  and  was  called  by  him  pyroacetic  ether. 
Mr.  Chevenix  formed  at  by  distilling  the  acetates  of  manganese,  zinc,  and 
lead.  It  is  purified  from  acetic  acid  and  empyrenmatic  oil,  which  pass  over 
at  the  same  time,  by  admi^re  with  a  solution  of  potassa,  and  redistillation; 
and  it  is  subsequently  rendered  anhydrous  by  distillation  from  dry  carbo- 
nate of  potassa  or  chloride  of  calcium.  It  has  been  examined  by  Macaire 
and  Marcet  (An.  of  Phil.  N.  8.  viiL  69),  and  its  constitution  has  been  deter- 
mined by  Liebig  and  Dumas  (An.  de  C^.  et  do  Ph.  xlix). 

Pyroacetic  spirit,  when  carefully  purified  from  water,  acid,  and  oil,  is  a 
colourless  limpid  liquid,  highly  volatile  and  inflammable,  of  a  peculiar  pene- 
trating odour  different  fhxn  both  alcohol  and  ether,  and  has  a  density  of 
0.7921  at  64^  It  boils  at  132^,  and  the  density  of  iu  vapour  is  2.019.  It 
unites  with  water,  alcoliol,  ether,  and  oil  of  turpentine  in  evenr  proportioo. 
It  may  be  exposed  for  months  to  the  air  without  change,  and  be  distilled 
fi«m  the  alkdies  without  decomposition ;  but  It  is  entirely  decomposed  by 
sulphuric  acid  without  the  fiirmation  of  ether. 

When  pyroacetic  spirit  is  distilled  from  a  solution  of  chloride  of  lime,  the 
chloride  of  carbon  already  described  is  generated  (page  230).  By  the  action 
of  chlorine  gas  hydroduoric  acid  is  formed,  together  with  a  peculiar  oily 
fluid,  which  has  a  density  of  1.331,  and  of  which  100  parts  contain  52.6  of 
ehlorine,  28  of  carbon,  2.8  of  hydrogen,  and  16.6  of  oxygen.  (Liebig.) 

According  to  the  analysis  of  Liebig,  which  is  confirmed  by  Damas,  pyro- 
aeetic  spirit  is  composed  of  three  eq.  of  carbon,  three  eq.  of  hydrogen,  and 
one  eq.  of  oxygen.  These  quantities  are  such  that  one  equivalent  of  aeetie 
acid,  4C-f-dH-f-30,  exactly  corresponds  to  one  equivalent  of  pyroacetic 
spirit,  3CH-3H4-0,  and  one  equivalent  of  carbonic  acid,  C-4-20.  Accord- 
ingly both  Liebig  and  Dumas  have  observed  that  dry  acetate  of  baryta  is 
converted  by  heat  into  pyroacetic  spirit  and  carbonate  of  baryta. 

Pyroxylie  Sj^rit* — When  wood  is  heated  in  close  Tcssels,  it  yields  a  large 
quantity  of  impure  acetic  add  (pyroligneous  acid),  and  charcoal  of  great 

lime.  It  was  discovered  by  Mr.  Samuel  Guthrie,  of  the  state  of  New  York, 
who  prepares  it  by  distilling  a  gallon  fVora  a  mixture  of  three  pounds  ef 
chloride  of  lime  and  two  gallons  of  alcohol  of  sp.  gr.  0.844,  and  recti^ing 
the  product  by  redistillations,  first  from  a  great  excess  of  chloride  of  hme, 
-and  ailerwards  from  strong  sulphuric  add.  About  the  same  time  that 
Guthrie  was  making  his  researches  in  this  country,  the  same  ether  was  dis- 
covered by  Soubdran  in  France,  who  obtained  it  from  the  same  materials 
which  had  been  empbyed  by  Guthrie. 

This  ether,  as  obtained  by  Mr.  Guthrie's  process,  is  an  extremely  vobtile 
liquid,  of  a  sweetish,  ethereal  odour,  and  hot,  aromatic,  peculiar  tasle.  It 
boils  at  166^,  and  has  the  sp.  gr.  of  1.486.  It  is  not  acted  on  by  the  mineral 
adds,  is  slightly  soluble  in  water,  and  sdoble  in  all  proportions  in  alooboL 
When  sufficiently  diluted  with  wat^,  it  forms  an  aromatic  and  saccharins 
liquid,  very  grateful  to  the  taste,  and  acting  as  a  diffusible  stiroidus,  ap|ili- 
cable  to  -several  states  of  disease.  According  to  Soubeiran,  it  oonsista  of  two 
eq.  of  chlorine  70.84,  and  one  eo.  of  light  carburetted  hydrogen  8.l2ss78.96. 
As  thb  ether  does  not  oontain  ckhrie  acid,  I  have  elsewhere  proposed  for  it 
tfae  aamo  of  chlmn$  §tkgry  as  bdng  more  appropriatow— JSdl 


OOLOUMHO  MATTIM.  663 

puritv  iwnaiiis  in  the  retort.  During  Uiie  proceis  a  peculiar  epbetnoae 
liaaid  U  formed,  which  was  dUoovered  io  1612  by  Mr.  P.  Taylor,*  and  aoon 
afterwards  examined  by  Macaire  and  Maroet,t  who  proposed  for  it  the  name 
ofpyrexylic  spirU.  Tbia  liquid  is  similar  to  alcohol  in  several  of  its  proper- 
ties, and  may  be  sobstitoted  for  it  in  spirit-lamps,  and  frequenUy  as  a  sol- 
vent for  chemical  compounds ;  but  it  differs  essentially  from  alo^iol  in  not 
yielding  ether  by  the  action  of  solphiiric  acid.    It  has  a  strong  penetrating 


I  odour,  with  a  flayoor  like  the  oil  of  peppermint,  and  a  pungent  pep- 
per-like  Uste.  Its  sp.  gr.  at  65^  is  0.604,  and  it  boils  at  150^.  It  burns 
with  a  blue  flame,  without  residue. 

According  to  Liebig,  pyro^Uc  spirit  contains  exactly  one  more  eqniya- 
lent  of  oxygen  than  ethier  (pe^  556) ;  but  Reichenbach  has  raised  a  donbt 
about  the  existence  of  pyroxyhc  spirit  as  a  definite  compound,  maintaining 
it  to  be  a  mixture  of  alcohol  and  pyroacetic  spirit 


SECTION  VI. 

COLOURING  MATTERS. 

Infintts  diversity  exists  in  the  colour  of  vegetable  substances;  but  the 
nfevailing  tints  are  red,  yellow,  blue,  and  green,  or  mixtures  of  these  co- 
lours. Colouring  matter  rarely  or  never  occurs  in  an  insulated  state,  but  is 
always  attached  to  some  other  proximate  principle,  such  as  mucilaginous, 
extractive,  fiirinaceous,  or  resinous  substances,  by  which  some  of  its  proper- 
ties, and  particularly  that  of  solubility,  is  greatly  influenced.  Nearly  all 
kinds  of  vegetable  colouring  matter  are  decomposed  by  the  combined 
agency  of  the  sun's  rays  and  a  moist  atmosphere ;  and  they  are  all,  without 
exception,  destroyed  by  chlorine  (page  21 1).  Heat,  likewise,  has  a  similar 
effect,  even  without  being  very  intense ;  for  a  temperature  between  300^  or 
400^,  aided  by  moist  air,  destroys  the  oolourinff  ingredient  Acids  and  alka- 
lies commonly  change  the  tint  of  vegetable  OHours,  entering  into  combina- 
tion with  them,  so  as  to  form  new  compounds. 

Several  of  the  metallic  oxides,  and  especially  alumina  and  the  oxides  of 
iron  and  tin,  form  with  colouring  matter  insoluble  compounds,  to  which  the 
name  of  laJbes  is  applied.  Lakes  are  commonly  obtained  by  mixing  alum  or 
pure  ddoride  of  tm  with  a  coloured  soluti<ui,  and  then  by  means  of  an  al- 
kali precipitating  the  oxide,  which  unites  with  the  colour  at  the  moment  of 
separation.  On  this  property  are  founded  many  of  the  processes  in  dyeing 
and  calico^nting.  The  art  of  the  dyer  consists  in  giving  a  uniform  and 
permanent  colour  to  cloth.  This  is  sometimes  effected  merely  by  immers- 
mg  the  cloth  in  the  coloured  solution ;  whereas  in  other  instances  the  affinity 
b^ween  the  colour  and  the  fibre  of  the  cloth  is  so  slight,  that  it  only  re- 
ceivee  a  stain  which  is  removed  by  washing  with  water.  In  tbia  case  some 
third  snbirtance  is  requisite,  which  has  an  aflSnity  both  for  the  cloth  and  co* 
looring  matter,  and  which,  by  combining  at  the  same  time  with  each,  may 
cause  the  dye  to  be  permanent  A  substance  of  this  kind  was  formerly 
called  a  mordant ;  but  the  term  ftosts,  introduced  by  the  late  Mr.  Henry  of 
Manchester,  is  now  more  ^nerally  employed  The  most  important  bases, 
and  indeed  the  only  ones  m  common  use,  are  alumina,  oxide  of  iron,  and 
oxide  of  tin.  The  two  former  are  exhibited  in  combination  either  with  the 
aulphnric  or  acetic  acid,  and  the  latter  most  conunonly  as  the  chloride. 

•  Quarterly  Journal,  xiv.  436.  t  An.  of  PhiL  N.  S.  viiL  69. 
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Tboie  ooloorini:  substances  that  adhere  to  the  cloth  without  a  basis  afe  balled 
whwiantive  colours,  and  those  which  require  a  basis,  adjective  colours. 

Vartobs  as  are  the  tints  obseryable  in  dyed  stuffs,  they  may  all  be  produced 
by  the  four  simple  ones,  blue,  red,  yellow,  and  black ;  and  hence  it  will  be 
convenient  to  treat  of  colouring  matters  in  that  order. 

Biue  Dyes. — Indigo  is  chiefly  obtained  from  an  American  and  Asiatic 
plant,  the  Jndigofera,  several  species  of  which  are  cultivated  for  the  purpose. 
It  is  likewise  extracted  from  the  Nerium  tinetorium;  and  an  inferior  sort  is 
prepared  from  the  /salts  tinttoria  or  iiKNid,  a  native  of  Europe.  Two  differ- 
ent methods  are  employed  for  its  extraction.  In  one,  the  recent  plant,  cot 
a  short  time  before  its  flowering,  is  placed  in  bundles  in  a  steeping  vat, 
where  it  is  kept  down  with  cross  bars  of  wood,  and  oo?ered  to  the  depth  of 
an  inch  or  two  with  water.  In  a  short  time  fermentation  sets  in,  carbonic 
acid  gas  is  freely  disengaged,  and  a  yellow  solution  is  formed.  In  the 
course  of  ten  or  twelve  hours,  when  its  surface  begins  to  look  green  firom 
the  mixture  of  blue  indigo  with  the  yellow  solution,  it  is  drawn  off  into  the 
beating  vat,  whore  it  is  agitated  with  paddles,  until  all  the  colouring  matter 
is  oxidized  by  absorbing  oxygen  from  the  atmosphere,  and  is  deposited  in 
the  form  of  blue  insoluble  indigo.  The  other  metnod  consists  in  drying  the 
leaves  like  hay,  removing  the  leaf  from  its  stalk  by  threshing,  and  grinding 
the  former  into  powder,  in  which  state  it  is  preserved  for  use.  The  dye  is 
then  extracted  either  bv  maceration  in  water  at  the  temperature  of  the  air, 
and  fermentation ;  or  by  digestion  in  water  at  150^  or  18(P,  without  being 
fermented.  In  either  case  it  is  beaten  with  paddles  as  before.  (Ure  in 
Jonm.  of  Science,  N.  S.  vi.  259.)  The  process  of  fermentation,  by  some 
thought  essential,  may  be  dispensed  with.  According  to  Mr.  Weston,  how- 
ever, the  dye,  as  contained  in  the  plant,  is  insoluble  in  cold  water;  but  by 
exposure  to  the  air  it  undergoes  a  change,  in  which  oxygen  acts  a  part,  and 
by  which  it  is  rendered  soluble  in  water.  (Journ  of  Science,  N.  S.  v.  296.) 

The  indigo  of  commerce,  which  occurs  in  cakes  of  a  deep  blue  colour 
and  earthy  aspect,  is  a  mixed  substance,  containing,  in  addition  to  salts  of 
ma^esia  and  lime,  the  four  following  ingredients: — 1.  a  glatinous  matter; 
2.  mdigo-brown;  3.  indigcred;  4.  mdigo-blue.  (Berzelius  in  Lehrbuch, 
iii.  679.) 

1.  The  gluten  is  obtained  by  digesting  finely  pulverized  indigo  in  dilute 
sulphuric  acid,  neutralizing  with  chalk,  and  evaporating  the  filtered  solution 
to  dryness.  The  gluten  is  then  taken  up  by  alcohol,  and  on  evaporation  is 
lefl  with  the  appearance  of  a  yellow  or  yellowish-brown,  transparent, 
shining  varnish.  Its  odour  is  similar  to  that  of  broth,  and  it  coptains  nitro- 
gen as  one  of  its  elements.  It  differs,  however,  from  common  gluten  in  its 
nee  solubility  both  in  alcohol  and  water. 

2.  hndigoirown  has  not  been  obtained  in  a  perfectly  pure  state,  owing  to 
its  tendency  to  unite  both  with  acids  and  alkalies.  With  the  former  it 
yields  in  general  sparingly  soluble,  and  with  the  latter  very  soluble  com- 
pounds, which  have  a  deep  brown  colour.  From  indigo,  freed  from  gluten 
by  dilute  acid,  it  is  separated  by  a  strong  solution  of  potassa  aided  by  gentle 
heat;  and  after  dilution  with  water,  without  which  it  passes  with  difficulty 
through  paper,  the  liquid  is  filtered.  The  solution  has  a  green  tint,  owing 
to  some  indigo-blue  being  dissolved,  and  with  sulphuric  acid  yields  a  bulky 
semi-gelatinous  precipitate  of  a  blackish  colour.  By  dissolvin|r  it  in  solution 
of  carbonate  of  ammonia,  evaporating  to  dryness,  and  removing  the  soloUe 
parts  by  a  small  quantity  of  water,  ue  brown  matter  is  freed  from  indigo- 
blue  and  sulphuric  acid.  It  still,  however,  contains  ammonia,  and  thoo^ 
this  alkali  may  be  expelled  by  means  of  hydrated  lime  or  baryta,  the  indigo- 
brown  is  still  impure,  since  it  retains  some  lime  or  baryta  m  combination. 
Like  indigo-gluten  it  contains  a  considerable  quantity  of  nitrogen  as  one  of 
its  elements.  The  indigo-green  of  Chevreul  is  probaUy  a  mixture  of  this 
substance  with  indifo-bloe. 

3.  Indi^o-red  is  obtained  by  boiling  indigo,  previously  purified  by  potassa, 
in  successive  portions  of  strong  alcohol  as  £>ng  as  a  red  solution  is  obtained. 
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The  tlooholie  aoLotioiis  are  then  oonceotnited  by  evaporation,  during  which 
the  indigo-red  is  deposited  as  a  blackish-brown  powder.  The  concentrated 
aolution,  of  a  deep  red  colour,  yields  by  evaporation  a  compound  of  indigo- 
red  and  indigo-biown  with  alkali,  which  is  soluble  in  water. 

Indigo-red  is  insoluble  in  water  and  alkalies ;  but  it  is  soluble,  though 
spariugly,  in  hot  alcohol,  and  rather  more  freely  in  ether.  It  dissolves  in 
strong  sulphuric  acid,  and  forms  a  dark  yellow  liquid;  and  with  nitric  acid 
it  yidds  a  beautiful  purple  solution,  which  speedily  becomes  yellow  by  de- 
composition. When  heated  in  vacuo,  it  yields  a  gray  crystalline  sublimate, 
which,  when  purified  by  a  second  sublimation,  is  obtained  in  minute  trans- 
parent needles,  shining  and  white.  This  substance,  in  its  relation  to  re- 
ajgfeniB,  resembles  indi^rcd;  and  especially  by  yielding  with  nitric  acid  a 
similar  purple-red  solution,  which  sulraequently  becomes  yellow. 

^  4.  IndigoMae. — ^Tbis  term  is  applied  to  the  real  colouring  matter  of  in- 
di^  which  is  left,  though  not  quite  pure,  after  acting  on  common  indigo 
with  dilute  acid,  potassa,  and  alcohol.  It  is  conveniently  prepared  from  the 
greenish-yellow  solution,  which  dyers  make  b^  mixing  indigo  with  green 
vitriol,  hydrate  of  lime,  and  water ;  when  the  indigo  is  deoxidized  by  the 
protoxide  of  iron,  and  yields  a  soluble  compound  with  lime.  On  pouring 
this  solution  into  an  excess  of  hydrochloric  acid,  while  freely  exposed  to 
the  air,  oxygen  gps  is  absorbed,  and  the  indigo  is  obtained  in  the  form  of  a 
blue  powder.  It  may  also  be  procured  in  a  state  of  great  purity  by  subli- 
mation ;  but  this  process  is  one  of  delicacy,  from  the  circumstance  that  the 
subliming  and  decomposing  points  of  indigo  are  very  near  each  other ;  and 
minute  directions  have  been  given  by  Mr.  Crum  for  conducting  it  with  suc- 
cess. (An.  of  PhiL  N.  &  v.)  To  be  sure  of  obtaining  it  quite  pure  bv 
either  process,  the  indigo  should  first  be  purified  by  the  action  of  dilute  acid, 
potassa,  and  alcohoL 

Pure  indigo  sublimes  at  550^,  forming  a  violet  vapour  with  a  tint  of  rod, 
and  oondensmg  into  long  flat  acicular  crystals,  which  appear  red  by  reflect- 
ed, and  blue  by  transmitted  light  It  has  neither  taste  nor  odour,  and  it  is 
insoluble  in  water,  alkalies,  and  ether.  Boiling  alcohol  takes  up  a  trace  of 
it,  and  acquires  a  blue  tint;  but  it  is  generally  deposited  again  on  standing. 
Nitric  acid  produces  a  change  which  has  already  been  described  (page  522). 
Concentrated  sulphuric  acid,  especially  that  of  Nordhauscn,  dissolves  it 
readily,  forming  an  intensely  deep  blue  solution,  commonly  termed  sulphate 
9f  indigo,  whicn  is  employed  by  dyers  for  giving  the  Saxon  blue.  The  in- 
digo during  solution  undergoes  a  change,  and  in  this  modified  state  it  has 
received  the  name  ofcemlin  from  Mr.  Crum,  who  regards  it  as  a  com[>ound 
of  one  equivalent  of  indigo  and  four  of  water.  According  to  fierzelius  the 
solution  IS  of  a  more  complicated  nature,  and  contains  the  three  following 
substances:  I.  indigo-purple;  2.  sulphate  of  indigo;  3.  hyposulphate  of 
indiga 

Indigo-purple  is  chiefly  formed  when  indigo  is  dissolved  in  English  oil  of 
vitriol,  and  subsides  when  the  solution  is  diluted  witli  firom  30  to  50  times 
its  weight  of  water.  It  was  first  described  under  the  name  of  pkeneein, 
from  ^ohi(,  purple,  by  Mr.  Crum,  who  considers  it  a  hydrate  of  indigo 
with  two  equivalents  of  water.  Into  the  dilute  solution,  aller  phenecin  is 
separated,  Berzelius  inserts  fragments  of  carefully  washed  flannel,  until  all 
the  colour  is  withdrawn  fix>m  the  liquid.  The  dyed  flannel,  after  the  ad- 
hering acid  is  entirely  removed,  is  digested  in  water,  with  a  little  carbonate 
of  ammonia,  by  which  means  a  blue  solution  is  obtained,  consisting  of 
ammonia  in  combination  with  sulphate  and  hyposulphate  of  indigo.  The 
solution  is  evaporated  to  dryness  at  140^,  and  to  the  residue  ^is  added  alcohol 
of  0.833,  which  dissolves  only  the  hyposulphate. 

The  compounds  of  indigo  with  milphurio  and  hyposulphuric  acid  are 
considered  by  Benelius,  not  as  salts  in  which  indigo  acts  as  a  base,  but  as 
distinct  acids  of  which  indigo  is  an  essential  ingredient  IndigomUphurie 
aeid,  as  tulphate  of  indigo  may,  theiefore,  be  cafled,  is  prepared  by  mixing 
indigo-aulphate  of  ammonia  with  acetate  of  oxide  of  lead,  when  indigo- 
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fulphate  of  that  oxide  robsides.  Thin  rait  is  saspended  in  water,  and  de* 
composed  by  hydrosulphuric  acid :  the  suiphuret  of  lead  is  collected  on  a 
filter ;  and  the  filtered  solution,  at  first  colourless  or  nearly  so,  owing  to  de- 
oxidation  of  indifo  by  hydrosulphuric  acid,  but  which  soon  becomes  blue 
bv  the  action  of  the  air,  is  evaporated  at  a  temperature  not  exceeding  122<^ 
F.  The  acid  is  left  as  a  dsrk  blue  solid,  of  a  sour  astringent  taste,  soluble 
in  water  and  alcohol,  and  capable  of  forming  a  distinct  group  of  salts  with 
alkalies.    Indigo-hypontlphuric  acid  may  be  prepared  by  a  similar  process. 

One  of  the  most  remarkable  characters  of  indigo-bluc  is  its  susceptibility 
of  being  deoxidized,  and  thus  returning  to  the  state  in  which  it  appears  to 
exist  in  the  plant,  and  of  again  recovering  its  blue  tint  by  subsequent  oxi- 
dation. The  change  is  efiected  by  various  deoxidizing  agents,  such  as  hy- 
drosulphuric acid,  bydroeulphate  of  ammonia,  hydrated  protoxide  of  iron,  or 
solution  of  orpiment  in  potassa.  In  the  deoxidized  state  it  readily  unites 
witli  alkaline  substances,  such  as  potassa  or  lime,  and  fi>rms  compounds 
which  arc  very  soluble  in  water.  The  method  by  which  df  en  prepare  their 
blue  vat  is  founded  on  these  properties.  A  portion  of  indigo  is  put  into  & 
tub  with  about  three  times  its  weight  of  green  vitriol  and  an  equal  quantity 
of  slaked  lime,  and  water  is  added.  The  protoxide  of  iron,  precipitated  by 
lime,  gradually  deoxidizes  the  indigo,  and  in  the  course  of  a  day  or  two  a 
yellow  solution  is  obtained.  When  cotton  cloth  is  moistened  with  this 
liquid  and  exposed  to  the  air,  it  speedily  becomes  green  fi*om  the  mixture  of 
colours,  and  then  blue;  and  as  the  blue  indigo  is  insoluble,  and  unites 
chemically  with  the  fibre  of  the  cloth,  the  dye  is  permanent. 

Deoxidized  indigo  has  been  obtained  in  a  separate  state  by  Liebig.  A 
mixture  is  made  with  1.5  parts  of  indigo,  3  of  green  vitriol,  2.5  of  hydrate 
of  lime,  and  50  or  60  of  water ;  and  after  an  interval  of  24  hours  the  vellow 
solution  is  carefully  drawn  off  by  a  syphon,  and  mixed  with  dilute  hydro- 
chloric acid.  A  thick  white  precipitate  falls,  which  remains  without  change 
if  carefully  excluded  from  oxygen,  and  may  even  bo  exposed  to  the  air  when 
quite  dry;  but  it  rapidly  becomes  blue  by  exposure  to  the  atmosphere  while 
moist,  or  by  being  covered  with  aerated  water.  To  this  substance  Liebig 
has  applied  the  name  of  indigoeen ;  and  he  has  ascertained  that,  in  passing 
into  blue  indigo,  it  absorbs  11.5  percent,  of  oxygen.  The  necessity  for 
perfectly  excluding  every  source  of  oxvgen  renders  the  preparation  of  indi- 
gogen  difficult.  All  the  vessels  empfoyed  in  the  process  should  be  filled 
with  hydrogen  gas,  the  water  be  freed  from  air  by  boiling,  and  as  a  further 
protection  a  little  sulphate  of  ammonia  is  added  both  to  the  acid  by  which 
the  precipitate  is  made,  and  to  the  water  with  which  it  is  washed. 

The  composition  of  indigogen  and  indigo-blue  wiU  be  found  at  page  523. 

Red  Dyes. — ^Tho  chief  substances  whicli  are  employed  for  the  red  dye 
are  cochineal,  lac,  archil,  madder,  Brazil  wood,  logwood,  and  safflowcr,  all 
of  which  are  adjective  colours.  The  cochineal  is  obtained  from  an  insect 
which  feeds  upon  the  leaves  of  several  species  of  the  Cactus^  and  which  is 
supposed  to  derive  this  colouring  matter  from  its  food.  It  is  very  soluble  in 
water,  and  is  fixed  on  cloth  by  means  of  alumina  or  oxide  of  tin.  Its  natu- 
ral colour  is  crimson ;  but  when  bitartrate  o^  potassa  n  added  to  the  solu- 
tion, it  yields  a  rich  scarlet  dye.  The  beautiful  pigment  called  carmine  is 
a  lake  made  of  cochineal  and  alumina,  or  oxide  of  tin. 

The  dye  called  archil  is  obtained  from  a  pectUiar  kind  of  lichen,  (lAehen 
toceeUoy)  which  grows  chiefly  in  the  Canary  Islands,  and  is  empl^ed  by 
the  Dutch  in  forming  tiie  blue  pigment  called  litmus  or  Itimsol.  The  co- 
louring ingredient  of  litmus  is  a  compound  of  the  red  colouring  matter  of 
the  lichen  and  aq  alkali ;  and  hence,  on  the  addition  of  an  acid,  the  coloar- 
ing  matter  is  set  free,  and  the  red  tint  of  the  plant  is  restored.  Litmus  is 
not  only  used  as  a  dye,  but  is  employed  by  chemists  for  detecting  the  pre- 
sence of  a  free  acid. 

The  colouring  principle  of  logwood  has  been  procored  in  a  separate  state 
by  Chevrenl,  who  has  applied  to  it  the  itame  aPkanaUv,  (An.  do  Ctu  IxxzL) 
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It  is  obUined  in  crystals  by  di^tingf  the  aqaeous  extract  of  logrwood  in 
alcohd,  and  allowing  the  alcohohc  solution  to  evaporate  spontaneously. 

Safflower  is  the  dried  flowers  of  the  Carthatnua  tinetoriiUt  which  is  culti- 
▼ated  in  Egypt,  Spain,  and  in  some  parts  of  the  Levant  The  pigment 
called  rouge  is  prepared  from  this  dye. 

Madder,  extensively  employed  in  dyeing  the  Turkey  red^  is  the  root  of 
the  Ruhia  ttnctorutn.  A  red  substance,  supposed  to  be  the  chief  colouring 
principle  of  the  plant,  has  been  obtained  in  an  insulated  state  by  Robiquet 
and  Colin,  who  have  termed  it  alixarine^  from  Alutari,  the  commercial 
name  by  which  madder  is  known  in  the  Levant.  Their  process  has  received 
the  following  modification  by  Zenneck.  Ten  parts  of  madder  are  digested 
in  four  of  eUier,  the  solution  is  evaporated  to  the  consistence  of  syrup,  and 
then  allowed  to  become  dry  by  spontaneous  evaporation.  The  residue  is 
pulverized,  and  sublimed  by  a  gentle  heat  from  a  watch  glass.  The  sub- 
limate,  winch  is  collected  by  covcrin|[  the  watch  ^lass  with  a  cone  of  paper, 
is  deposited  in  the  form  of  yellowish-red,  brilliant,  diaphanous,  acicular 
crystals,  which  are  soft,  flexible,  and  heavier  thsn  water.  They  soflen 
when  heated,  and  sublime  at^a  temperature  between  500  and  600^,  causing 
an  aromatic  odour.  They  are  nearly  insoluble  in  cold  and  very  sparingly 
soluble  in  hot  water.  They  require  for  solution  210  times  their  weight  of 
alcohol,  and  160  of  ether  at  60^^.  According  to  Zenneck  the  acidity  of 
alizarine  is  very  decisive,  both  in  its  sour  taste,  and  its  power  of  nentralizic^ 
alkalies.  It  consists,  in  100  parts,  of  18  of  carbon,  520  of  hydrogen,  and  & 
of  oxygen.  (Joornsl  of  Science,  N.  S.  v.  198.") 

Yelhw  Dyea, — ^The  chief  yellow  dyes  are  quercitron  bark,  turmeric,  wild 
American  hiccory,  fustic,  and  •saffron;  all  of  which  are  adjective  colours. 
Quercitron  bark,  which  is  one  of  the  most  important  of  the  yellow  dyes, 
was  introduced  into  notice  by  Dr.  Bancroft.  With  a  basis  of  alumina,  the 
decoction  of  this  bark  gives  a  bright  yellow  dye.  With  oxide  of  tin  it  com- 
mnnicates  a  variety  of  tints,  which  ntay  be  made  to  vary  from  a  pale  lemon 
colour  to  deep  orange.    With  oxide  of  iron  it  gives  a  drab  colour. 

Turmeric  is  the  root  of  the  Curcuma  longa,  a  native  of  the  East  Indies. 
Paper  stained  with  a  decoction  of  this  substance  constitutes  the  turmeric  or 
curcuma  paper  employed  by  chemists  as  a  test  of  free  alkali,  by  the  action 
of  which  it  receives  a  brown  stain. 

The  colouring  ingredient  of  saffron  (Crocus  satimu)  is  soluble  in  water 
and  alcohol,  has  a  bright  yellow  colour,  is  rendered  blue  and  then  lilac  by 
sulphuric  acid,  and  receives  a  green  tint  on  the  addition  of  nitric  acid. 
From  the  great  diversity  of  colours  which  it  is  capable  of  assuming  under 
different  circumstances.  Bouillon  Lagrange  and  Vogel  have  proposeid  for  it 
the  name jpoIycArotle.  (An.  de  Ch.  Ixxx.) 

Black  l^yes.— >The  black  dye  is  made  of  the  same  ingredients  as  writing 
ink,  and,  therefore,  consists  essentially  of  a  compound  of  oxide  of  iron  wim 
gallic  acid  and  tannin.  From  the  addition  of  logwood  and  acetate  of  copper, 
the  black  receives  a  shade  of  blue. 

By  the  dexterous  combination  of  the  four  leading  colours,  blue,  red,  yel. 
low,  and  black,  all  other  shades  of  colour  may  be  procured.  Thus  green  is 
communicated  by  formin^f  a  blue  ground  with  indigo,  and  tlien  adding  a 
yellow  by  means  of  quercitron  bark. 

The  reader  who  is  desirous  of  studying  the  details  of  dyeing  and  calico- 
printing,  a  subject  which  does  not  (all  within  the  plan  of  this  work,  may 
eonsult  Berthollefs  EUmetu  de  VArl  de  la  Teiniure;  the  treatise  of  Dr. 
Bancroft  on  Permanent  Colours ;  a  paper  by  Mr.  Henry  in  the  third  volume 
of  the  Manchester  Memoirs;  and  the  Essay  of  Thenard  and  Board  in  the 
74th  volume  of  the  Annates  de  Chimie, 
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SECTION  VII. 

SUBSTANCES  WHICH.  SO  FAR  AS  IS  KNOWN,  DO  NOT  BELONG 
TO  EITHER  OF  THE  PRECEDING  SECTION& 

VtgttahU  Albumen, — ^Und#r  this  name  is  dutingroisbed  a  Teeetahitf  prin- 
ciple which  hu  a  doee  reiemblancc  to  animal  albumen,  especially  in  the  cha- 
racteristic property  of  being  ooaffulable  by  heat  This  sobirtance  was  foand  bj 
Vogel  in  the  bitter  almond,  and  m  the  sweet  almond  by  BoollaT;  it  appears  to 
be  an  ingredient  of  emulsire  seeds  generally  ;  and  it  exists  in  the  sap  of  many 
plants.  Einbof  detected  it  in  wheat,  rye,  barley*  peas,  and  beans.  Vegetap 
ble  albumen  is  soluble  in  cold  water,  but  b^  a  boiling  temperature  it  is  oo- 
affolated,  and  thus  completely  deprived  of  ite  solubility.  It  is  insoluble  in 
afoohol,  and  very  sparingly  soluble  in  acids.  Alkalies  dissolve  it  readily, 
and  it  may  be  precipitated  from  them  by  acids ;  but  the  albumen  ialh  m 
combination  with  a  portion  of  the  acid.  Ferrocyanate  of  potassa  and  corro- 
sive sublimate  act  upon  it  as  on  solutions  of  animal  albumen. 

Vegetable  albumen  conteins  nitrogen  as  one  of  ite  elements,  and  is  Tery 
prone,  when  kept  in  the  moist  stete,  to  undergo  the  putrefiictive  fermenta- 
tion, emitting  an  ofiensive  odour,  with  disengagement  of  ammonia  and  for- 
mation of  acetate  of  ammonia.  During  a  certain  period  of  putreikcticm  it 
has  the  odour  of  old  cheese.  (Berzelius.) 

Cfluten,— In  the  separation  of  starch  from  wheat  flour,  as  already  de- 
scribed (page  536),  a  gray  viscid  substance  remains,  fibrous  in  ite  teztoie, 
and  elartic.  Beccaria,  who  first  carefiiUy  examined  ite  properties,  was 
■truck  with  ite  analogy  to  glue,  both  in  ite  viscidity  as  well  as  ite  tendency 
to  putrefy  like  animal  matter,  and  gave  it  the  name  of  vegetahte  gittten. 
Einhof  has  since  shown  that  this  gluten  is  a  mixed  substance,  attaining 
gluten  and  vegetable  albumen. 

Pure  gluten  is  obtained  by  washing  dough  in  water  until  the  starch  and 
soluble  parte  are  removed,  and  treating  the  residue  with  boiling  alcohol.  On 
mixing  the  alcoholic  solution  with  water,  and  distilling  off  the  sfHrit,  the 
gluten  is  deposited  in  large  coherent  flakes.  As  thus  oUained  it  has  a  pale 
yellow  colour,  and  a  peculiar  odour,  but  no  taste,  adheres  tenaciously  to  the 
fingers  when  handled,  and  has  considerable  elasticity.  It  is  insoluUe  in 
water  and  ether,  but  dissolves  readily  in  hot  alcohol,  apparently  without  any 
chanffc  of  property ;  but  if  the  alcoholic  solution  is  evaporated  to  dryness* 
the  gluten  is  left  as  a  transparent  varnish.  It  swells  up  and  softens  with 
acetic  acid,  forming  a  compound  which  is  soluble  in  water.  It  unites  also 
with  the  mineral  acids ;  and  these  compounds,  excepting  that  with  sulphuric 
acid,  dissolve  readily  in  pure  water,  but  are  insoluble  when  there  is  an  ex- 
oess  of  acid.  It  is  dissolved  by  a  dihite  solution  of  potassa,  apparently  with« 
out  being  decomposed ;  for  the  gluten,  after  being  thrown  down  by  the  min-» 
oral  acids,  retains  ite  viscidity.  In  this  state,  however,  it  is  combined  with 
some  of  the  acid.  (Benelius.) 

When  gluten  is  kept  in  a  warm  moist  situation  it  ferments,  and  an  acid 
is  formed ;  but  in  a  tew  days  putrefaction  ensues,  and  an  offensive  odour* 
like  that  of  putrefying  animal  naatter,  is  emitted.  According  to  Proust,  who 
made  these  spontaneous  changes  a  particular  object  of  study,  the  process  is 
divisible  into  two  distinct  periods.  In  the  first,  carbonic  add  and  hydrogen 
gases  are  evolved ;  and  in  the  second,  besides  acetic  and  phosphoric  acids 
and  ammonia,  two  new  compounds  are  generated,  for  which  he  proposed  the 
names  ofeoBeU  acid  and  casetnu  oxide.  These  are  the  same  principles  which 
are  generated  during  the  fermentation  of  the  curd  of  milk,  and  their  real 
nature  will  be  consi&red  in  the  section  on  milk.  It  is  apparent  from  these 
circumstances  that  gluten  contains  nitrogen  as  009  of  ite  elpmeiitei^  and  thai 
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it  approaches  closely  to  the  nature  of  animal  sabstanoea.    It  has  hence  been 
called  a  vegeto-animal  principle. 

If  gluten  is  dried  by  a  gentle  heat,  it  contracts  in  volume,  becomes  hard 
and  brittle,  and  may  in  this  state  be  preserved  without  change.  Exposed  to 
a  strong  beat,  it  yields,  in  addition  to  the  usual  inflammable  gases,  a  thick 
fetid  oil,  and  car^nate  of  ammonia. 

Gluten  is  present  in  most  kinds  of  grain,  such  as  wheat,  barley,  rye,  oats, 
peas,  and  beans ;  but  the  first  contains  it  in  by  far  the  largest  proportion. 
This  18  the  reason  that  wheaten  bread  is  more  nutritious  than  that  made 
with  other  kinds  of  flour ;  for  of  all  vegetable  substances  gluten  appears  to 
be  the  most  nutritive.  It  is  to  the  presence  of  gluten  that  wheat  flour  owes 
its  property  of  forming  a  tenacious  paste  with  water.  To  the  same  cause  is 
owing  the  formation  of  light  spungy  bread ;  the  carbonic  acid  which  is  dis- 
engaged during  the  fermentation  of  dough,  being  detained  by  the  viscid  glu- 
ten, distends  the  whole  mass,  and  thus  produces  the  rising  of  the  dou^h. 
From  the  experiments  of  Davy,  it  appears  that  good  wheat  flour  contains 
from  19  to  24  per  cent  of  gluten.  The  wheat  grown  in  the  south  of  Europe 
is  richer  in  gluten  than  that  of  colder  climates. 

M.  Taddei,  an  Italian  chemist,  has  given  an  account  of  two  principles  se- 
parable  from  the  gluten  of  Beccaria  by  means  of  boiling  alcohol.  To  the 
substance  soluble  in  alcohol  he  has  applied  the  name  of  gliadine,  yxia^  glu- 
ten; and  to  the  other  that  of  zymome,  from  ^t/^uii,  a  ferment  (An.  of  Phil, 
zv.)  For  the  latter  he  has  discovered  a  delicate  test  in  the  powder  of  guaia- 
cum,  which  when  rubbed  in  a  mortar  with  moist  zymome,  instantly  strikes 
a  beautiful  blue  colour :  and  the  same  tint  appears,  though  less  rapidly, 
when  it  is  kneaded  with  gluten  or  dough  made  with  good  wheat  flour.  But 
with  bad  flour,  the  gluten  of  which  has  suffered  spontaneous  decomposition, 
the  blue  tint  is  scarcely  visible ;  and  accordingly  M.  Taddei  conceives  that 
useful  inferences  as  to  the  quality  of  flour  may  be  drawn  from  the  action  of 
guaiacum. 

These  views  have  been  criticised  by  Berzelius,  who  declares  that  the  sub- 
stances described  by  Taddei  are  nothing  else  than  the  gluten  and  vegetable 
albumen  already  described ;  and  the  habitual  accuracy  of  Berzelius  leaves 
little  chance  of  error  in  his  statement  The  blue  tint,  above  alluded  to,  must 
have  arisen  from  the  action  of  guaiacum  either  on  vegetable  albumen  itself^ 
or  on  some  substance  by  which  it  is  accompanied  in  wheat  (An.  of  Phil.  iv. 
69,  or  Lehrbuch,  iii.  362.) 

Yeast, — ^This  substance  is  always  generated  during  the  vinous  fermenta- 
tion of  vegetable  juices  and  decoctions,  rising  to  the  surface  in  the  form  of  a 
frothy,  flocculent,  somewhat  viscid  matter,  the  nature  and  composition  of 
which  are  unknown.  It  is  insoluble  in  water  and  alcohol,  and  in  a  warm, 
moist  atmosphere  gradually  putrefies,  a  sufficient  proof  that  nitrogen  is  one 
of  its  elements.  Submitted  to  a  moderate  heat,  it  becomes  dry  and  hard,  and 
may  in  this  state  be  preserved  without  change.  Heated  to  redness  in  close 
vessels,  it  yields  products  similar  to  those  procured  under  the  same  circum- 
stances from  gluten.  To  this  substance,  indeed,  yeast  is  supposed  by  some 
chemists  to  be  very  closely  allied. 

The  most  remarkable  property  of  yeast  is  that  of  exciting  fermentation. 
By  exposure  for  a  few  minutes  to  the  heat  of  boiling  water,  it  loses  this  pro- 
perty, but  after  some  time  again  acquires  it  Nothing  conclusive  is  known 
concerning  either  the  nature  of  these  changes,  or  the  mode  in  which  yeast 
operates  in  establishing  the  fermentative  process. 

^s^ra^'n.— This  principle  was  discovered  by  Vauquelin  and  Robiquet  in 
the  juice  of  the  asparagus,  from  which  it  is  deposited  in  crystals  by  evapo- 
ration. It  is  also  contained  in  the  root  of  the  marsh-mallow  and  hquorice. 
Robique^  who  first  procured  it  from  the  juice  of  the  recent  liquorice  root, 
doubted  its  identity  with  asparagin,  and  gave  it  the  name  of  agedoite ;  but 
the  mistake  has  been  corrected  bv  M.  Plisson. 

Asparagin  crystallizes  in  the  form  of  a  rectangular  octohedron,  six-sided 
prism,  or  right  rhombic  prism,  is  inodorous,  and  has  a  cool  slightly  naoseou* 
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taita.  In  ether  and  pure  alcohol  it  u  ineoloble,  and  reqoiiea  fer  ■oladoQ  58 
parts  of  cold  water,  t>ut  is  more  freely  dissolved  by  the  aid  of  heat  It  hae 
neither  an  acid  nor  alkaline  reaction  with  test-paper.*  Pliason  has  noticed  that 
when  boiled  for  some  time  with  hydrated  oxide  of  lead  or  majmeBia,  it  is  re- 
solTed  into  ammonia,  and  a  new  acid,  called  the  a$pariie.  The  possibility 
of  such  a  change  is  intelligibb  from  the  late  analyab  of  aeparaffin  and  aspar- 
tic  acid  By  Liebig,  as  subjoined :— (An.  de  Ch.  et  de  Ph.  lui.  416.) 

Anhydrous  Asparagin.  Anhydrous  Aspartic  Acid. 

Carbon        36.74        46.96       dC  43.16       4a96       dC 
Hydrogen     5.94         8            8H  4.37         5  5H 

NiUogen     31.27        28.3  2N  12.20        14.15  N 

Oxygen      36.05        48  60  41.27        48  60 


100.00     133.26  CsHsNaOa       100.00     116.11  C«H«NO«. 

It  is  obvious  that  one  eq.  of  anhydrous  asparagin  contains  one  eq.  of  aspar- 
tic acid  and  one  eq.  of  ammonia.  And  yet  asparagin  is  not  aspartate  of 
ammonia,  since  acids  do  not  .eliminate  aspartic  acid  nor  alkalies  ammonia 
with  the  &cility  which  would  be  expected  on  that  supposition.  The  crys- 
tals  of  asparagin  lose  12.133  per  cent  of  water  when  heated,  or  consist  of 
133.26  parts  or  one  eq.  of  anhvdrous  asparagin  and  18  or  two  eq.  of  water. 
Aspartic  acid  is  prepared  by  decomposing  the  aspartate  of  oxide  of  lead  bj 
hydrosulphuric  acid,  and  evaporating  the  filtered  solution,  when  the  acid  is 
obtained  as  a  colourless  powder  composed  of  minute  prismatic  crystala, 
which,  like  asparagin,  contain  two  eq.  of  water  of  crystalliation.  It  has 
Utile  taste,  is  sparingly  soluble  in  cold  water,  and  still  less  so  in  alcohol  Its 
aqueous  solution  is  not  precipitated  by  the  sduble  salts  of  baryta,  lime,  lead, 
magnesia,  copper,  mercury,  or  silver.  The  aspartates,  when  the  taste  of  the 
base  does  not  mterfere,  have  the  taste  of  the  juice  of  meat  It  yields  am- 
monia when  decomposed  by  heat  (An.  de  Ch.  et  de  Ph.  xxxv.  175,  and  xL 
309.) 

Ba9wnn  was  first  noticed  in  gum  Biumnra  by  Vauquelin.  It  is  an  ingre- 
dient of  gum  tragacanth  (page  538),  and  probably  occurs  in  other  gums. 
Salep,  from  the  experiments  of  Caventou,  appears  to  consist  almost  totidly  of 
bassorin. 

Bassorin  is  characterized  by  forming  with  cold  water  a  bulky  jelly,  which 
is  insoluble  in  that  menstruum,  as  weU  as  in  alcohol  and  ether.  Boiling 
water  does  not  dissolve  it  except  by  long-continued  ebullition,  when  the  bas- 
sorin at  length  disappears,  and  is  converted  into  a  substance  similar  to  gum- 
arabic. 

Caffein  was  discovered  in  coffee  by  Robiquet  in  the  year  1821,  and  was 
soon  after  obtained  from  the  same  source  by  Pelletier  and.  Caventou,  with- 
out a  knowledge  of  the  discovery  of  Robiquet  (An.  of  Phil.  N.  S.  xii.)  It  is 
best  prepared  hy  making  an  aqueous  decoction  of  bruised  raw  coffee,  add- 
ing subacetale  of  oxide  of  lead  as  long  as  a  precipitate  fiiUs,  by  which  means 
a  large  quantity  of  extractive  and  colouring  matter-  is  thrown  down,  and 
then  precipitating  the  excess  of  oxide  of  load  by  hydrosulphuric  acid.  The 
eaffeio,  which  is  left  in  solution,  is  ultimately  obtained  in  crystals  by  evapo- 
ration.  Pfaff  and  Liebig  recommend  that  it  should  be  decolorized  by 
digestion  with  animal  charcoal  together  with  some  moist  hydrated  oxide  of 
lead. 

Caffein  is  a  white  crystalline  volatile  matter,  sparingly  soluble  in  odd  wa- 
ter, but  very  soluble  in  boiling  water  and  alcohol,  and  is  deposited  from  these 
solutions  as  they  cool,  in  the  form  of  silky  filaments  like  amianthus.  Pelle- 
tier, contrary  to  the  opinion  of  Robiquet,  at  first  regarded  it  as  an  alkaline 
base ;  but  he  now  admits  that  it  does  not  afiect  the  vegetable  blue  colours, 
nor  combine  with  acids.  From  a  late  analysis  by  Pfan  and  Liebig,  made 
with  a  purer  soecimen  than  that  analyzed  by  Pelletier  and  Dumas,  cafibtn 
is  composed  of  48.96  parts  or  eight  eq.  of  carbon,  5  parts  or  five  eq.  of  hy- 
drogen, 28.3  or  two  eq.  of  nitrogen,  and  16  or  two  eq.  of  oxygen.  (An.  cle 
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Gh.  et  de  Ph.  zlix.  303.)  Though  it  contains  more  nitrmn  than  most  ani- 
■hJ  Bubfltances,  it  does  not,  under  any  drcumrtancww,  undergo  the  putre&o* 
tiTO  fermentation. 

In  the  precipitate  cauaed  in  a  decoction  of  oo^e  bj  acetate  of  oxide  of 
lead,  tannic  acid  is  present,  together  with  another  acid  supposed  to  be  peeo- 
liar  to  coffee,  and  termed  by  Aaff  oafieic  add. 

CMariin, — ^This  name  has  been  applied  by  Lassaigne  and  Feneulu  to 
the  active  principle  of  senna.  (An.  de  Ch.  et  de  Ph.  voL  x?i.)  A  similar  bit- 
ter purgative  principle,  called  Cytinn^  has  been  prepared  from  the  Cytisui 
Almnus. 

Fungin, — This  name  is  applied  by  BraconnoC  to  the  fleshy  substance  of 
the  mushroom^,  purified  b^  diction  m  hot  water,  to  which  a  little  alkali  is 
added.  Fungin  is  nutritious  m  a  high  degree,  and  in  composition  is  very 
aaaloffous  to  animal  substances.  lake  flesh  it  yields  nitrogen  gas  when  d]» 
gested  in  dilute  nitric  acid.  '     . 

A(6enn.-^This  name  has  been  amilied  by  Chevreul  to  the  cellular  tisnie 
«f  the  common  cork,  the  outer  bark  of  the  cork-oak,  {querent  ntber)^  after 
the  astringent,  oily,  resinous,  and  other  soluble  matters  have  been  removed 
by  the  action  of  water  and  alcohol.  Suberin  differs  from  all  other  .vegetable 
principles  by  yielding  the  suberic  when  treated  by  nitric  acid. 

Ulmin,  discovered  by  Klaproth,  is  a  substance  which  exudes  sponta- 
neously from  the  elm,  oak,  chesnut,  and  other  trees ;  and  according  to  fier- 
lelius  IS  a  constituent  of  most  kinds  of  bark.  It  may  be  prepared  by  acting 
upon  elm.bark  by  hot  alcohol  and  cold  water,  and  then  digesting  the  residue 
in  water,  which  contains  an  alkaline  carbonate  in  solution.  On  neutralizing 
the  alkali  with  an  acid,  the  ulmin  is  precipitated. 

Uimin  is  a  dark  brown,  nearly  bladi  substance,  is  insipid  and  inodorous, 
and  is  very  sparingly  soluble  in  water  and  alcohoL  It  dissolves  freely,  on 
the  contrary,  in  the  solution  of  an  alkaline  carbonate,  and  is  thrown  down 
by  an  acid.  Ulmin  is  regarded  as  an  acid  by  M.  P.  Boullay,  who  has  pro- 
posed for  it  the  name  of  ulmie  acid.  He  found  that  100  parts  of  it  contain 
56.7  of  carbon,  and  43.3  of  ozy^n  and  hydrogen,  in  the  ratio  to  form  wa- 
ter. According  to  him  It  is  an  ingredient  of  vegetable  mould  and  tur^  and 
contributes  much  to  the  growth  of  plants.  The  black  matter  deposited 
during  the  decomposition  of  prussic  acid,  supposed  by  Gay-Lussac  to  be  a 
carburet  of  nitrogen,  is  an  acid  very  similar  to  the  ulmic,  and  to  which  he 
has  given  the  name  of  aztdmic  acid.  (An.  de  Ch.  et  de  Ph.  xliii.  273.) 

iMptdin  is  the  name  applied  by  Dr.  Ives  to  the  active  principle  of  the  hop, 
but  which  has  not  yet  been  obtamed  in  a  state  of  purity. 

Inuiin  is  a  white  powder  like  starch,  which  is  spontaneously  deposited  from 
a  decoction  of  the  roots  of  the  Inula  helenium  or  elecampane.  This  substance 
is  insoluble  in  cold,  and  soluble  in  hot  water,  and  is  deposited  than  the  latter 
as  it  cools,  a  character  which  distinguishes  it  from  starch.  With  iodine  it 
ferms  a  grcenish-yelkyw  compound  of  a  perishable  nature.  Its  solution  is 
somewhat  mucilaginous ;  but  inuiin  is  distinguished  from  ffum  by  insolu- 
bility in  cold  water,  and  in  not  yielding  the  seccbolactic  when  digested  in 
nitric  acid. 

MeduUin, — ^This  name  was  applied  by  John  to  the  pith  of  the  sun-flower, 
but  its  existence  as  an  independent  principle  is  somewhat  dubious.  The  term 
poUenin  has  been  given  by  the  same  chemist  to  the  pollen  of  tulips. 

Piperin  is  the  name  which  is  applied  to  a  white  crystalline  substance  ex- 
tracted from  black  or  v^hite  pepper.  It  is  tasteless,  and  is  quite  free  ffota 
pungency,  the  stimulating  property  of  the  pepper  being  found  to  reside  in  a 
fixed  oil.  (Pelletier,  in  An.  de  Ch.  et  de  Ph.  vol.  xvi.)  Dr.  A.  T.  Thomson 
has  extracted  it  from  chamomile  flowers. 

A  process  recommended  for  its  preparation  by  Vogel  consists  in  digest- 
ing for  two  days  16  ounces  of  bhick  pepper  in  coarse  powder  in  twice  its 
weight  of  water,  five  times  in  succession ;  and  digesting  the  insoluble  parts, 
previously  well  pressed  and  dried,  for  three  days  in  34  ounces  of  alcohoL 
The  solution  is  pressed  through  linen  clothe  filtered,  and  evaporated  to  the 
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conriiteDoe  of  ajnip;  and  the  impure  crystals  of  piperin,  depoaited  by  cooU 
ing,  are  freed  from  adherinsr  resinoua  matter  by  ether,  and  further  purified 
by  animal  charcoal,  re-Bolution  in  alcohol,  and  a  second  crystallization. 

Piperin  crystallises  in  four-sided  prisms,  which  ba^e  commonly  a  yellow 
colour,  owing  to  adhering  oil  or  resin.  It  is  insoluble  in  cold,  and  sparingly 
soluble  in  hot  water ;  but  it  is  very  soluble  in  alcohol,  and  less  so  in  ether. 
Acetic  acid  also  dissolves  it,  and  leaves  it  by  evaporation  in  feathery  crys- 
tals.  It  fuses  at  212^  ^d  according  to  Gobel  consists  of  80.95  parts  of  car- 
bon, 8.13  of  hydrogen,  and  10.99  of  oxygen. 

OUviU, — ^When  the  gum  of  the  olive-tree  is  dissolved  in  alcohol,  and  the 
solution  is  allowed  to  evaporate  spontaneously,  a  peculiar  substance,  appa- 
rently different  from  the  other  proximate  prmcif^es  hitherto  examined,  is 
deposited  cither  in  flattened  needles  or  as  a  brilliant  amylaceous  powder. 
To  this  Pelletier,  its  discoverer,  has  given  the  name  of  OlivUe.  <An.  of 
Phil,  xii.) 

SareocoU  is  the  concrete  juice  of  the  Penad  gareoeoUa^  a  plant  which 
grows  in  the  northern  parts  of  Africa.  It  is  imported  in  the  form  of  small 
grains  of  a  yellowish  or  reddish  colour  like  gum-arabic,  to  which  its  proper, 
ties  are  similar.  It  has  a  sweetish  taste,  dissolves  in  the  mouth  like  gum, 
and  forms  a  mucilage  with  water.  It  is  distinguished  from  gum,  however, 
by  its  solubility  in  alcohol,  and  by  its  aqueous  solution  being  precipitated  b^ 
tannin.  Dr.  Thomson,  who  has  given  a  full  account  of  sarcocoU  in  his 
System  of  Chemistry,  considers  it  closely  allied  to  the  saccharine  matter  of 
liquorice. 

Rhubarharin  is  the  name  employed  by  Pfaff  to  designate  the  principle  in 
which  the  purgative  property  of  toe  rhubarb  resides.  M.  Nsni  of  Milan  re- 
gfards  the  active  principle  of  this  plant  as  a  vegetable  alkali ;  but  he  has  not 
given  any  proof  of  its  alkaline  nature.     (Journal  of  Science,  xvi.  172.) 

RkHn^ — M.  Vaudin  has  applied  this  name  to  a  substance  which  he  obtained 
by  gently  heating  rhubarb  in  powder  with  eight  times  its  weight  of  nitric 
acid  of  1.375,  evaporating  to  the  consistence  of  syrup,  and  diluting  with  cold 
water.  Rh6in,  which  is  then  depoeited,  is  inodorous,  has  a  slightly  bitter 
taste,  and  an  oranse  colour.  It  is  sparingly  soluble  in  cold  water ;  but  it 
dissolves  in  alcohol,  ether,  and  hot  water,  and  its  solutions  are  rendered  pals 

Jellow  by  acids,  and  rose-red  by  alkalies.  It  may  be  extracted  from  rhubarb 
y  ether,  a  fact  which  proves  that  it  exists  ready  formed  in  the  plant ;  and 
its  mode  of  preparation  shows  that  it  possesses  unusual  permanence,  power- 
fully resisting  the  action  of  nitric  acid. 

RhaporUicin. — ^This  substance  was  obtained  by  Homemann  from  the  Rheum 
RhaporUicum,  It  was  obtained  in  the  form  of  yellow  scales,  which  are  taste> 
less  and  inodorous,  insoluble  in  cold  water  and  ether,  and  requires  for  solu- 
tion 24  times  its  weight  of  boiling  water,  and  only  twice  its  weight  of  anhy- 
drous alcohol 

Colocyntin. — ^This  name  was  applied  by  Vauquelin  to  a  bitter  resinous 
matter  extracted  from  colocynth  by  the  action  of  iflcobol,  and  lefl  by  evapo- 
ration as  a  brittle  substance  of  a  golden-yellow  colour.  It  is  slightly  soluble 
in  water,  is  freely  dissolved  by  alcohol  and  alkalies,  and  possesses  the  purga- 
tive properties  of  colocynth.    (Journal  of  Science,  xviii.  400.) 

Berberin. — This  is  a  yellow  bitter  principle  contained  in  the  alcoholic  ex- 
tract of  the  root  of  the  barberry. 

Bryonin. — This  is  a  bitter,  rather  poisonous  principle,  obtained  first  by 
Vauquelin  and  aflcrwards  by  Brandos  from  the  root  of  the  Brionia  alba, 

Oentianin  is  the  name  applied  to  the  bitter  principle  or  the  root  of  the 
gentian. 

Zanthonierin  is  a  bitter  principle  obtained  fVom  the  bark  of  the  ZaiUkoxy- 
Iwm  caritiEwn  by  Chevallier  and  PcUetan.  It  is  of  sparing  solubility  in 
water,  insoluble  m  ether,  very  soluble  in  alcohol,  from  which  it  crystallises 
by  evaporation  in  yellow  acicular  crystals  of  a  silky  lustre. 

Cetrarin  is  the  name^  applied  by  uerberger  to  the  bitter  principle  of  Ice- 
land  moss. 
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SetBUm  U  the  name  applied  by  Vogel  to  the  Utter  mediciDal  principle  of 
aquillB  {SeiUa  marUima).  It  is  prepared  by  evaporating  the  juice  ezpresaed 
fiEX>ni  the  fresh  root  of  sqaiUa  to  the  consistence  of  an  extract,  forming  a  solu- 
tion of  it  in  alcohol,  which  is  then  evaporated  to  dryness,  and  the  solaUe 
parts  taken  up  by  water.  The  solution  contains  sciUitin  associated  with 
tannic  acid  and  saccharine  matter :  the  former  is  separated  by  means  of 
snbaoetate  of  oxide  of  lead ;  and  the  latter  by  forming  an  alcoholic  solution 
of  the  sdllitin  and  sugar,  freed  from  tannic  acid,  and  adding  ether,  which 
throws  down  the  sugar,  leavinff  most  of  the  sciUitin  in  solution.  By  evapo- 
ration the  sdllitin  remains  in  tne  form  of  a  white  friable  mass  of  a  resinous 
fracture. 

Senegin  is  the  name  given  by  Gehlen  to  the  bitter  acrid  principle  contained 
in  the  root  of  the  Palygata  Senega, 

&i|Nm»R^— This  soMtance  is  contained  in  the  root  of  the  Saponaria  qfici- 
Ra/ts,  and  is  the  cause  of  the  lather  which  that  root  forms  wnen  agitated 
with  water.  It  is  prepared  by  evaporating  to  dryness  an  aqueous  solution 
of  the  alcoholic  extract  of  the  root,  or  an  alcoholic  solution  of  the  aqueous 
extract  Both  solvents  are  requisite,  in  order  to  separate  th^  saponin  from 
resinous  and  gummy  matter  with  which  it  is  associated  in  the  root 

Arthanatin, — ^Thii  name  was  applied  by  Saladin  to  a  colourless  crystalline 
matter,  which  is  extracted  by  alcohol  from  the  root  of  the  Cyclamen  Eu- 
ToptBunim 

Extractive  Jfottcr^— This  expression,  if  applied  to  one  determinate  princi- 
ple suppoeed  to  be  the  same  in  different  plants,  is  quite  inapplicable.  It  is 
indeed  true  that  most  plants  yield  to  water  a  substance  which  differs  from 
gum,  sugar,  or  any  proximate  principle  of  vegetables,  which,  therefore,  con- 
stitutes a  part  of  what  is  called  an  extrad  in  pharmacy,  and  which,  for  want 
of  a  more  precise  term,  may  be  expressed  by  the  name  of  extradvoe.  It 
must  be  remembered,  however,  that  this  matter  is  always  mixed  with 
other  proximate  principles,  and  that  there  is  no  proof  whatever  of  its  being 
identical  in  difierent  plants.  The  solution  of  saffron  in  hot  water,  said  to 
afford  pure  extractive  matter  by  evaporation,  contains  the  colouring  matter 
of  the  plant,  together  with  aU  the  other  vegetable  principles  of  saffron,  which 
happen  to  be  soluble  in  the  menstruum  employed. 

rlumbapn^  extracted  by  Dulong  from  the  root  of  the  Plumbago  EunpMi^ 
is  soluble  in  water,  alcohol,  and  eSier,  and  crystallizes  from  its  solutions  in 
acicular  crystals  of  a  yellow  colour.  Its  aqueous  solution  is  made  cherry, 
red  by  alkalies,  subacetate  of  oxide  of  lead,  and  perchloride  of  iron ;  but  acios 
restore  the  yellow  tint,  and  the  plum  begin  is  found  unaltered.  Its  taste  is 
at  first  sweet,  but  is  subsequently  sharp  and  acrid,  extending  to  the  throat 
(Journal  of  Science,  N.  S.  vi.  191.) 

Chhrophyle, — ^This  name  has  been  applied  by  Pelletier  and  Caventou  to 
the  green  colouring  matter  of  leaves.  It  is  prepared  by  bruising  green  leaves 
into  a  pulp  with  water,  pressing  out  all  the  liquid,  and  boiling  the  pulp  in 
aloohoL  The  solution  is  mixed  with  water,  and  the  spirit  driven  off  by  dis- 
tillation, when  the  chlorophyle  is  left  floating  on  the  surface  of  the  water. 
As  thus  obtained,  it  appears  to  be  wax. stained  with  the  green  colour  of  the 
leaves;  and  from  some  late  observations  of  Macaire  Prinsep,  the  wax  may 
be  removed  by  ether,  and  the  colouring  matter  left  in  a  pure  state.  The  red 
autumnal  tint  of  the  leaves,  according  to  the  same  observer,  is  the  efiect  of 
an  acid  generated  In  the  leaf.  The  green  tint  may  be  restored  by  the  action 
of  an  alkali. 

Amygdttlin, — ^This  substance  was  extracted  in  1830  by  Robiquet  and 
Boutron-Charlard  fh>m  the  bitter  almond.  (An.  de  Ch.  et  de  Ph.  xliv.  359.) 
Th»  almond,  reduced  to  a  pulp,  is  dijOfested  with  ether  in  order  to  separate  its 
fixed  oil,  afler  which  it  is  boiled  in  3  or  4  successive  portions  of  alcohol,  and 
the  alcoholic  solution  is  distilled  in  a  water  bath  to  the  consistence  of  syrupy 
This  residue  is  then  briskly  agitated  with  ether,  and  set  at  rest  in  a  tube 
placed  perpendicularly,  when  three  distinct  strata  are  gradually  formed ;  the 
upper  one  is  nearly  pure  ether,  the  lower  is  viscid  and  oonnsts  of  saceharuM 
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matter,  and  the  intermediate  stratum,  white  and  aemi-aolid,  contaiai  the 
amyg^dalin. 

Amygdalin,  insoluble  in  water,  dissolves  freely  in  hot  alcohol,  and  crj staU 
lizea  as  the  solution  cools  in  white  needles,  which  are  not  volatile,  and  remain 
unchanged  in  the  open  air.  Its  taste  is  sweet  followed  by  a  bitter  flaToor, 
analogous  to  that  of  the  bitter  almond,  the  peculiar  flaTour  of  which  appears 
owing  to  amygdalin.  This  principle  has  neither  acid  nor  alkaline  properties. 
It  contains  nitrogen  as  one  of  its  elements,  and  emits  a  strong  odour  of  am- 
monia when  it  is  boiled  io  a  solution  of  potassa.  Heated  with  nitric  acid  it 
yields  benzoic  acid.  It  certainly  has  a  dose  relation  to  benzule,  but  the  na- 
ture of  that  connexion  has  not  yet  been  traced. 

SalidfL — ^This  principle  was  discovered  in  1830  in  the  bark  of  the  willow 
(Salix  helix)  by  M.  Leroux,  who  announced  it,  along  with' attestations  of  its 
virtues  from  Majendle  and  other  medical  authorities,  as  a  cure  for  intermit- 
tent fever  of  sufficient  power  to  become  a  substitute  for  quinia ;  and  obser- 
vations on  its  preparation  and  properties  have  since  been  made  by  Braeonnot, 
Pelouze  and  J.  Gay-Lussac,  and  Peschier.  (An.  de  Ch.  et  de  Fh.  xliii.  440, 
and  xliv.  220,  296,  and  418.)  It  exists  in  several  species  of  the  willow,  and 
Braeonnot  has  met  with  it  in  the  bark  of  the  poplar,  especially  of  the  Popu^ 
Itts  tremula.  The  most  approved  method  of  preparation  consists  in  forming 
an  aqueous  decoction  of  the  willow  bark,  adding  subacetate  of  oxide  of  lead 
as  long  as  a  precipitate  falls,  in  order  to  remove  colouring  matter,  boiling 
with  enalk  to  throw  down  the  excess  of  oxide  of  lead,  and  evaporating  the 
solution.  The  salicin  is  deposited  in  crystals,  which  may  be  purified  by 
solution  in  alcohol  and  digestion  with  animal  charcoal. 

Pure  salicin  is  perfectly  white,  crystallizes  in  delicate  prisms  or  needles, 
and  has  a  very  bitter  taste.  In  cold  water  it  is  sparingly  soluble ;  but  it  is 
freely  taken  up  both  by  water  and  alcohol  at  a  boiling  temperature,  and  is 
insoluble  in  ether.  By  strong  sulphuric  acid  in  the  cold  it  is  decomposed, 
and  the  acid  acquires  a  purple  tint  Heated  with  sulphuric  acid  somewhat 
diluted,  or  with  strong  hydrochloric  acid,  it  is  converted  into  a  white  insolu- 
ble matter  of  the  nature  of  resin.  When  digested  with  eight  tiroes  its  weight 
of  nitric  acid,  salicin  yields  a  large  quantity  of  carbazotic  acid. 

Salicin  has  neither  acid  nor  alkaline  properties,  and  according  to  Pelouze 
and  J.  Gay-Lussac  consists  of  carbon,  hydrogen,  and  oxygen,  in  the  ratio  of 
two  equivalents  of  the  first  element,  two  equivalents  of  the  second,  and  one 
equivalent  of  the  third. 

Populin, — ^A  substance,  described  under  this  name,  was  found  by  Bra- 
eonnot in  the  bark  of  the  Populus  tremuia  during  his  seardi  for  salicin. 
It  exisU  still  more  plentifiiUy  in  the  leaves  of  the  same  tree,  and  is  obtained 
by  throwing  down  the  colouring  and  extractive  matter  of  an  aqueous  decoc 
tion  of  the  leaves  by  subacetate  of  lead,  as  in  the  process  for  salicin,  and 
then  evaporating  to  the  consistence  of  thin  syrup:  the  impure  crystals  are 
pressed  within  linen,  mixed  with  a  little  animal  charcoal,  and  dissolved  in 
160  times  their  weight  of  boiling  water.  The  filtered  solution  depositee,  in 
cooling,  white,  silky,  acicular  crystals  of  populin. 

Populin  requires  2000  times  its  weight  of  cold,  and  70  of  boiling  water 
ibr  solution;  but  it  is  much  more  soluble  in  hot  alcohol.  Acids  act  upon  it 
exactly  in  the  same  manner  as  on  salicin,  showing  that  these  two  aub. 
stances,  if  essentially  distinct,  are  very  analogous  in  properties  and  com- 
position. 

.  Meeonifu — This  principle  was  discovered  separately  by  M.  Couerbe  in 
1830,  and  before  that  period  by  M.  Dublanc;  but  we  are  indebted  to  the 
former  for  a  knowledge  of  its  composition  and  properties  (An.  de  Ch.  et  de 
Ph.  L  337).  At  common  temperatures  it  is  a  white  solid,  inodorous,  and  of 
a  rather  acrid  taste  after  some  time,  though  tasteless  at  first  It  begins  to 
liquefy  at  190°,  and  is  a  limpid  liquid  at  195°,  and  may  bo  kept  fluid  till 
the  temperature  falls  to  167°.  At  alio  it  sublimes,  and  condenses  on  cool- 
ini^  into  a  white  matter  like  fat  It  requires  266  parts  of  cold,  and  18.^  of 
boiling  water  fi>r  solution,  and  is  very  soluble  in  aloohol,  ether,  and  the  es- 
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■ential  oils.  It  eryfltallixes  from  these  solations  in  six-sided  prisms,  two 
parallel  &ces  of  the  prism  being  larger  than  the  rest,  and  forming  a  dihedral 
summit  When  a  crystal  is  pot  into  water  which  is  then  heated,  the  crystal 
becomes  softer,  then  forms  a  liquid  globule  like  oil  at  the  bottom  of  the 
flask,  and  then,  as  the  water  boils,  it  soon  disappears  entirely. 

Meconin  has  neither  acid  nor  alkaline  properties.  The  sulphuric  and 
nitric  acids  and  chlorine  decompose  it,  and  produce  compounds  of  a  charac- 
teristic nature.  In  sulphuric  acid  diluted  with  a  quarter  or  half  its  weight 
of  water  it  forms  in  the  cold  a  colourless  solution ;  but  on  concentrating  to  a 
certain  point,  the  solution  acquires  a  deep  blue  tint :  in  this  state  the  me- 
conin is  wholly  decomposed,  and  on  dilution  with  water  a  chestnut  mstter 
falls,  which  is  soluble  in  warm  strong  sulphuric  acid,  alkalies,  alcohol,  and 
ether,  reproducing  the  green  solution  with  the  first,  and  a  rose-red  with  the 
two  last  Digested  in  nitric  acid  it  yields  a  yellow  solution,  which  yields 
by  evaporation  elongated  crystals  of  the  same  colour.  Chlorine  transmitted 
over  fused  meconin  fives  rise  to  a  fused  mass  of  a  reddish-yellow  colour,  con- 
sisting principaUy  of  chlorine  in  union  with  a  new  acid,  which  Couerbe  has 
termed  meehloie  acid. 

Meconin  is  a  constituent  of  opium,  and  is  procured  in  the  process  for 
preparing  naroeia  already  described  (pege  528).  B^  ether  narceia  is  puri- 
fied in  that  process  from  narcotina,  fat,  and  mcoonm ;  and  on  treating  the 
ethereal  extract  with  hot  water  the  meconin  is  separated  from  narcotina  and 
&t  It  should  be  purified  by  a  second  crystallizatioo,  a  little  animal  char- 
coal being  added.  Some  meconin  is  likewise  present  in  the  impure  mass  of 
morphia  when  precipitated  by  amiponia  (page  525),  and  is  taken  up  by  the 
alcohol  used  in  its  purification.  Meconin  b  present  in  very  small  quantity 
in  opium,  one  pound  containing  about  2}  grains,  so  that  it  is  hopeless  to 
search  for  it  except  in  large  manufacturing  operations. 

According  to  Couerbe,  100  parts  of  meconin  contain  60i247  of  carbon, 
4.756  of  hydrogen,  and  34.997  of  oxygen. 

Columhin. — This  is  a  bitter  crystalline  principle,  obtained  by  M.  Witt- 
stock  from  an  alcoholic  decoction  of  columbo  root :  the  solution  is  concen- 
trated to  about  a  third  of  its  volume,  and  is  then  left  in  a  warm  place,  when 
yellowish-brown  crystals  are  gradually  deposited.  It  is  purified  in  the 
usual  manner  by  animal  charcoal  and  solution  in  hot  alcohol,  from  which  it 
is  afterwards  obtained  in  colourless  prismatic  crystals.  (Royal  Inst.  Jour- 
nal,  N.  S.  i.  630.) 

Elatin. — ^This  matter  has  been  described  hj  Mr.  Hcnnell  (R.  Inst  Jour- 
nal, N.  S.  i.  532),  and  is  prepared  by  forming  an  alcoholic  decoction  of 
elaterium,  distilling  off  most  of  the  alcohol,  and  setting  aside  the  remainder 
for  spontaneous  evaporation.  The  residual  mass  consists  of  a  green  resin, 
in  which  the  medical  qualities  of  elaterium  appear  to  reside,  and  a  crystal- 
line matter :  the  former  is  readily  taken  up  by  sulphuric  ether,  and  the  lat- 
ter left  in  a  nearly  pore  state.  It  is  deposited  in  colourless  acicular  tufls 
when  its  solution  in  hot  alcohol  is  allowed  to  cool.  In  water  it  is  nearly 
insoluble,  and  is  very  slightly  dissolved  by  ether.  It  has  neither  acid  nor 
alkaline  properties,  fuses  at  a  heat  between  300°  and  400°,  and  has  a  bitter 
taste.  According  to  the  analysis  of  Hennell,  46  parts  contain  17  of  carbon, 
11  of  hydrogen,  and  18  of  oxygen.  Elaterium  contains  40  per  cent  of 
elatin,  and  21  per  cent  of  the  green  resin,  the  remainder  being  ligneous 
fibre,  earthy  matter,  and  starch. 

SUutpisin. — ^A  peculiar  principle,  called  sti/pAo-stmiptstn,  tinavtstn,  or 
sifioptn,  has  been  extracted  from  mustard  seed  (sinapis  alba)  by  MM.  Henry, 
Jan.,  and  Garot,  who  at  first  supposed  it  to  be  an  acid,  but  have  since  cor- 
rected their  mistake  (PhiL  Mag.  and  An.  ix.  390).  They  believe  it  to  con- 
tain the  elements  of  sulphoret  of  cyanogen  united  with  a  peculiar  orj^anlc 
matter  from  which  the  volatile  oil  of  mustard  may  bo  developed.  It  is  ob- 
tained by  fi>rming  an  aqaeous  decoction  of  mustard  seed,  adding  subaootat* 
of  oxide  of  lead  as  kmg  as  a  precipitate  fidls,  removing  the  ezoen  of  that 
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oKide  by  hydroralphnric  add,  and  ooooentrating  the  filtered  •olotioD.  Hie 
fint  erop  of  eqreUla  »  purified  by  a  eeoond  cr^talliation. 

Pare  Moapifiii  is  white  and  inodorous,  has  a  InUer  taete,  aeoompanied 
with  a  flavour  of  mastard,  is  more  soluble  in  hot  water  or  alcohol  than 
wheal  they  are  cold,  and  crystallizes  in  pearly  needles  or  small  prisms  ar- 
raagfed  in  tufts.  Heated  with  hydrochloric  acid  it  is  decomposed,  emitting 
an  odour  of  hydrocyanic  acid;  and  when  distilled  with  sulphuric  or  pfaos- 
phoric  acid,  solphocyanic  acid  is  generated  By  the  fixed  alkalies  it  is  also 
decomposed :  evaporated  with  potassa,  the  sulphocyanuret  of  potassium  is 
generated,  and  a  strong  odour  of  the  volatile  oil  of  mustard  may  be  per* 
ceived.  With  persalts  of  iron  a  solution  of  sinapisin  strikes  a  deep  red 
colour. 

The  ultimate  elements  contained  in  100  parts  of  sinapisin  are  50.504 
carbon,  7.795  hydrogen,  4.94  nitrogen,  9.657  sulphur,  and  27.104  oxygen. 


SECTION  VIII. 

SPONTANEOUS  CHANGES  OF  VEGETABLE  MATTER. 

ViorrASLX  substances,  for  reasons  already  explained  in  the  remarks  in« 
troductory  to  the  study  of  organic  chemistry,  are  very  liable  to  spontaneous 
deoompoeition.  So  long,  indeed,  as  they  remain  in  coonexion  with  the 
living  plant  by  which  Siey  were  produced,  the  tendency  of  their  elements 
to  form  new  combinations  is  controlled;  bat  as  soon  as  the  vital  principle  is 
extinct,  of  whose  agency  no  satisfiictory  explanation  can  at  present  be 
afforded,  they  become  subject  to  the  unrestrained  influence  of  chemical 
affinity.  To  the  spontaneous  changes  which  they  then  experience  from  the 
operation  of  this  power,  the  term  firmetUation  is  applied. 

As  might  be  expected  from  the  difference  in  the  constitution  of  different 
vegetable  compounds,  they  are  not  all  equally  prone  to  fermentation ;  nor  is 
the  nature  of  the  change  the  same  in  all.  Thus  alcohol,  the  oxalic,  acetic, 
and  benzoic  acids,  and  probably  the  vegetable  alkalies,  may  be  kept  for 
years  without  change,  and  some  of  them  appear  unalterable ;  while  others, 
such  as  gluten,  sugar,  starch,  and  mucilaginous  substances,  arc  very  liable 
to  decomposition.  In  like  manner,  the  spontaneous  change  sometimes  ter- 
minates  in  the  formation  of  sugar,  at  another  time  in  that  of  alcohol,  at  a 
third  in  that  of  acetic  acid,  and  at  a  fourth  in  the  total  dissolution  of  the 
substance.  This  has  fed  to  the  division  of  the  fermentative  processes  into 
four  distinct  kinds,  namely,  the  9€ieeharine,  vinou;  aeetotu,  and  putrefadw 
fermentation. 

Saccharine  Fermentation. 

The  only  substance  known  to  be  subject  to  the  first  kind  of  fermentation 
is  starch.  When  gelatinous  starch,  or  amidine,  b  kept  in  a  m<Mst  state  for 
a  considerable  length  of  time,  a  change  gradually  ensues,  and  a  quantity  of 
sugar,  equal  to  about  half  the  weight  of  the  starch  employed,  is  generated. 
Exposure  to  the  atmosphere  is  not  necessary  to  this  change,  but  the  quantity 
of  sugar  is  increased  by  access  of  air. 

The  germination  of  seeds,  as  exemplified  in  the  malting  of  barley,  is  like> 
wise  an  instance  of  the  saccharine  fermentation ;  but  as  it  differs  in  some 
respects  from  the  process  above  mentioned,  being  probably  modified  by  the 
vitality  of  the  germ,  it  may  with  greater  propriety  be  discussed  in  the  fiiU 
lowing  section. 
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The  ripeniag  of  fruit  has  also  beea  re^rded  as  an  example  of  the  aaccba- 
rine  fermentation,  especially  since  many  fruits,  of  which  the  pear  and  apple 
«re  examples,  if  eathmred  before  their  maturity,  ripen  by  keeping ;  and  this 
new  b  eontended  for  by  M.  Couvercbel  as  an  inference  ft-om  his  experi- 
mental inquiry  on  the  maturation  of  fruits.  (An.  de  Ch.  et  de  Ph.  xlvi.  147.) 
Proust,  who  examined  the  unripe  grape  in  its  different  stages  towards  matu- 
rity, found  that  the  green  fruit  contains  a  large  quantity  of  free  acid,  chiefly 
the  citric,  which  gradually  disappears  as  the  grape  ripens,  while  its  place  is 
occupied  by  sugar.  Couverchel  examined  uie  grape,  peach,  apricot,  and 
pear.  He  found  that  the  acid  and  mucilaginous  matters  of  the  fruit  are 
diminished,  while  carbonic  acid,  water,  and  sugar  are  generated:  these 
chances  he  found  to  be  independent  of  the  oxygen  of  the  air,  and  to  occur 
whether  the  fruit  is  on  the  tree  or  removed  from  it :  they  arise  from  reaction 
among  the  ingredients  of  the  fruit,  rendered  operative  by  heat,  but  indepen- 
dent of  Titality.  He  considers  the  devclopemcnt  of  sugar  and  disappearance 
of  add,  which  occur  during  the  process  of  ripening,  to  be  a  change  purely 
ebemicaL 

Vinous  Fermentation. 

Thef  conditions  which  are  required  for  establishing  the  vinous  fermentation 
are  four  in  number ;  namely,  the  presence  of  sugar,  water,  yeast,  or  some 
ferment,  and  a  certain  temperature.  The  best  mode  of  studying  this  pro- 
cess, BO  as  to  observe  the  phenomena  and  determine  the  nature  of  Oie  change, 
is  to  place  five  parts  of  sugar  with  about  twenty  of  water  in  a  glass  flask 
furnished  with  a  bent  tube,  the  extremity  of  which  opens  under  an  inverted 
jar  full  of  water  or  mercury ;  and  afler  adding  a  little  yeast,  to  expose  the 
mixture  to  a  temperature  of  about  60^  or  70^.  In  a  short  time  bubbles  of 
|faa  begin  to  collect  in  the  vicinity  of  the  yeast,  and  the  liquid  is  soon  put 
into  brisk  motion,  in  consequence  of  the  formation  and  disenga^ment  of  a 
large  quantity  of  gaseous  matter ;  the  solution  becomes  turbid,  its  tempera- 
ture rises,  and  froth  collects  upon  its  surface.  After  continuing  for  a  few 
days,  the  evolution  of  gas  begins  to  abate,  and  at  length  ceases  altogether ; 
the  impurities  gradually  subside,  and  leave  the  liquor  clear  and  transparent. 

The  only  appreciable  changes  which  are  found  to  have  occurred  during 
the  process  are  the  disappearance  of  the  sugar,  and  the  formation  of  alcohoT, 
which  remains  in  the  flask,  and  of  carbonic  acid  gas,  which  is  collected  in 
the  pneumatic  apparatus.  A  small  portion  of  yesst  is  indeed  decomposed ; 
but  the  quantity  is  so  minute  that  it  may  without  inconvenience  be  lefl  out 
of  consideration.  The  yeast  indeed  appears  to  operate  only  in  exciting  the 
fermentation,  without  fbrther  contributing  to  the  products.  The  atmospheric 
air,  it  is  obvious,  has  no  share  in  the  phenomena,  since  it  may  be  altogether% 
excluded  without  afiecting  the  result.  The  theory  of  the  process  is  founded 
on  the  feet  that  the  sugar,  which  disappears,  is  aunost  precisely  equal  to  the 
united  weights  of  the  alcdiol  and  carbonic  acid ;  and  hence  the  former  is 
supposed  to  be  resolved  into  the  two  latter.  The  mode  in  which  this  change 
is  conceived  to  take  place  has  been  ably  explained  by  Gay-Lussac,  an  expla- 
nation which  will  easily  be  understood  by  comparing  the  composition  of 
sugar  with  that  of  alcohol.  The  elements  of  sugar,  which  consist  of  car- 
bon,  hydrogen,  and  oxygen,  in  the  ratio  of  one  equivalent  of  each  (page  535), 
are  multipUed  by  six,  in  order  to  equalize  the  quantity  of  hydrogen  contained 
in  the  two  compounds.    (An.  de  Gn.  xcv.  317.) 

Sugar.  Alcohol.  Garbonic  acid. 

Garbon     .    .    36.72    6  eq.  24.48    4  eq.  12.24    2  eq. 

Hydrogen     .6         6  cq.  6         6  eq. 

Oxygen    .    .    48         6  eq.  16         2  eq.  32         4  eq. 

90.72  46.48    1  eq.  44J24    2  eq. 

U  hraoe  appewt  that  90.72  parts  of  sugar  are  capable  of  supplying  46.48 
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of  alcohol  and  44^4  of  carbooic  acid,  nearly  eqaal  weigfaUt  without  any 
other  products. 

It  admits  of  doubt  whether  any  substance  besides  su^ar  is  capable  of  un- 
dergoing  the  vinous  fermentation.  The  only  otlier  principle  which  is  Bap> 
posed  to  posscfs  this  property  is  starch,  and  this  opinion  chiefly  rests  on  the 
two  following  facts.  First,  It  is  well  known  that  potatoes,  which  contain 
but  little  sugar,  jield  a  large  quantity  of  alcohol  by  fermentation,  daring 
which  the  starch  disappears.  And,  secondly,  M.  Clement  procured  the  same 
quantity  of  alcohol  from  equal  weights  of  malted  and  unmalted  barley.  (An. 
de  Ch.  et  de  Ph.  v.  422.)  Nothing  conclusive  can  be  inferred,  however,  frckin 
these  data ;  for,  from  the  facility  with  which  starch  is  converted  into  BUfar, 
it  is  probable  that  the  saccharine  may  precede  the  vinous  fermentation.  Thi« 
view  is,  indeed,  justified  by  the  practice  of  distillers,  who  do  not  ferment 
with  unmalted  barley  only,  but  are  obliged  to  mix  with  it  a  certain  propor- 
tion of  malt,  which  appears  to  act  as  a  ferment  to  the  unmalted  grain. 

Though  a  solution  of  pure  sugar  is  not  susceptible  of  the  vinous  fermen- 
tation without  being  mixed  with  yeast,  or  some  such  ferment,  yet  the  mic- 
charinc  juices  of  plants  do  not  require  the  addition  of  that  substance ;  or  in 
other  words,  they  contain  some  principle  which,  like  yeast,  excites  the  fer- 
mentative process.  Tims,  must  or  the  juice  of  the  grape  ferments  sponta- 
neously ;  but  Gay.Lussac  has  observed  that  these  juices  cannot  begin  to 
ferment  unless  they  arc  exposed  to  tlie  air.  By  heating  must  to  212^,  and 
then  corking  it  carefully,  the  juice  may  be  preserved  without  change;  but  if 
it  be  exposed  to  the  air  for  a  few  seconds  only,  it  absorbs  oxygen,  and  fer- 
mentation takes  place.  From  this  it  would  appear  that  the  most  contains  a 
principle  which  is  convertible  into  yeast,  or  at  least  acquires  the  chanu^r- 
istic  properly  of  that  substance,  by  absorbing  oxygen. 

It  appears  from  the  experiments  of  M.  Colin,  that  various  substances  are 
capable  of  acting  as  a  ferment  This  property  is  possessed  by  gluten  and 
vegetable  albumen,  caseous  matter,  albumen,  fibrin,  gelatin,  Uood,  and  urine. 
In  general  they  act  most  efficaciously  after  the  commencement  of  patre&c- 
tion ;  and  indeed  exposure  to  oxygen  gas  seems  equally  necessary  for  ena- 
bling these  substances  to  act  as  ferments,  as  to  the  principle  contained  in 
the  juice  of  fruit. 

The  various  kinds  of  stimulating  fluids,  prepared  by  means  of  the  vinooi 
fermentation,  are  divisible  into  wines  which  are  formed  from  the  joioes  of 
saccharine  fruits,  and  the  various  kinds  of  ale  and  beer  produced  from  a 
decoction  of  the  nutritive  grains  previously  malted. 

The  juice  of  the  grape  is  superior,  for  the  purpose  of  making  wine,  to  that 
of  all  other  fruits,  not  merely  in  containing  a  larger  portion  of  saccharine 
matter,  since  tli is  deficiency  may  be  supplied  artificially,  but  in  the  nature  of 
its  acid.  The  chief  or  only  acidulous  principle  of  the  mature  grape,  ripened 
in  a  warm  climate,  such  as  Spain,  Portusral,  or  Madeira,  is  bitartrate  of  po- 
tassa.  As  this  salt  is  insoluble  in  a]coh(3,  the  greater  part  of  it  is  deposited 
during  the  vinous  fermentation ;  and  an  additional  quantity  subsidin,  ooo- 
stituting  the  eru9t,  during  the  projeress  of  wine  towards  its  point  of  highest 
perfection.  The  juices  of  other  fruits,  on  the  contrary,  such  as  the  goose- 
berry or  currant,  contain  malic  and  citric  acids,  which  are  soluble  both  in 
water  and  alcohol,  and  of  which  therefore  they  can  never  be  deprived.  Con- 
seqocntly  these  wines  are  only  rendered  palatable  by  the  presence  of  free 
sugar,  which  conceals  the  taste  of  the  acid :  and  hence  it  is  neoCtoary  to 
arrest  the  progress  of  fermentation  long  before  the  whole  of  the  saccharine 
matter  is  consumed.  For  the  same  reason,  these  wines,  unless  made  very 
sweet,  do  not  admit  of  being  long  kept ;  for  as  soon  as  the  free  sugar  is  con- 
verted into  alcohol  by  the  slow  fermentative  process,  which  may  be  retarded 
by  the  addition  of  brandy,  but  cannot  be  prevented,  the  wine  acquires  a 
strong  sour  taste. 

Ale  and  beer  differ  from  wine  in  containing  a  large  quantity  of  mucilagi- 
nous and  extractive  matters  derived  from  the  malt  with  which  they  are  made. 
From  the  presence  of  these  sabstanoss  they  always  contain  a  free  acid,  and 
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are  greatly  diaposed  to  pasa  into  the  acetous  fermentation.  The  soar  taste 
ia  concealed  partly  by  free  sugar,  and  partly  by  the  bitter  flavour  of  the  hop, 
the  presence  of  which  diroinisnes  the  tendency  to  the  formation  of  an  acid. 
The  fermentative  process  v^hich  takes  place  in  dough  mixed  with  yeast, 
and  on  which  depends  the  formation  of  good  bread,  has  been  supposed  to  be 
of  a  peculiar  kind,  and  is  sometimes  designated  by  the  name  of  panary  fer^ 
meniation.  The  ingenious  researches  of^Dr.  Coiquhoun,  however,  leave  no 
doubt  that  the  phenomena  are  to  be  ascribed  to  the  saccharine  matter  of  the 
flour  undergoing  the  vinous  fermentation,  by  wiiich  it  is  resolved  into  alcohol 
and  carbonic  acid.  (Brewster's  Journal,  vi.)  Mr.  Graham  first  procured 
alcohol  by  distillation  from  fermented  dough,  and  a  Company  was  formed  in 
London  for  coUectbg  the  spirit  emitted  by  dough  in  the  process  of  baking. 

•dcetous  Fermentation, 

When  any  liquid  which  has  undergone  the  vinous  fermentation,  or  even 
pore  alcohol  diluted  with  water,  is  mixed  with  yeast,  and  exposed  in  a  warm 
place  to  the  open  air,  an  intestine  movement  speedily  commences,  heat  ia 
developed,  the  fluid  becomes  turbid  from  the  deposition  of  a  peculiar  fila- 
mentous  matter,  and  in  general  carbonic  acid  is  disengaged.  Oxygen*  is  ab- 
sorbed from  the  atmosphere.  These  changes,  af\er  continuing  a  certain 
time,  cease  spontaneously ;  the  liquor  becomes  clear,  and  instead  of  alcohol, 
it  is  now  found  to  contain  acetic  acid.  This  process  is  called  the  acetous 
fermentation. 

The  vinous  may  easily  be  made  to  terminate  in  the  acetous  fermenta- 
tion ;  nay,  the  transition  takes  place  so  easily,  that  in  many  instances,  in 
Ivhich  it  is  important  to  prevent  it,  this  is  with  difficulty  effects  d.  It  is 
the  uniform  result,  if  the  fermenting  liquid  be  exposed  to  a  warm  tempera- 
tare  and  to  the  open  air ;  and  the  means  by  which  it  is  avoided  is  uy  ex- 
cluding the  atmosphere,  or  by  exposure  to.  cold. 

For  the  acetous  fermentation  a  certain  degree  of  warmth  is  indispensable. 
It  takes  place  Urdily  below  60^  F. ;  at  50°  it  is  very  sluggish ;  and  at  32^, 
or  not  quite  so  low,  it  is  wholly  arrested.  It  proceeds  with  vigour,  on  the 
contrary,  when  the  thermometer  ranges  between  60°  and  80°,  and  is  even 
promoted  by  a  temperature  somewhat  higher.  The  presence  of  water  ia 
likewise  essential ;  and  a  portion  of  yeast,  or  some  analogous  substance,  by 
which  the  process  may  be  established,  must  also  bo  present 

The  information  contained  in  chemical  works  relative  to  the  substances 
susceptible  of  the  acetous  fermentation  is  somewhat  confused,  a  circum- 
stance which  appears  to  have  arisen  from  phenomena  of  a  totally  different 
nature  being  included  under  the  same  name.  It  seems  necessary  to  dis- 
tinguish between  the  mere  formation  of  acetic  acid,  and  the  acetous  fer- 
mentation. Several  or  perhaps  most  vegetable  substances  yield^  acetic  acid 
when  they  undergo  spontaneous  decomposition.  Mucilaginous  substances 
in  particular,  though  excluded  from  the  air,  gradually  become  sour;  and 
consistently  with  this  fact,  inferior  kinds  of  ale  and  beer  are  known  to  ac- 
quire acidity  in  a  short  time,  even  when  confined  in  well-corked  bottles.  In 
like  manner,  a  solution  of  sugar,  mixed  with  water,  in  which  the  gluten  of 
wheat  has  fermented,  and  kept  in  close  vessels,  was  found  by  Fourcroy  aiid 
Vauquelin  to  yield  acetic  acid.  All  these  processes,  however,  appear  essen- 
tially diflerent  from  the  proper  acetous  fermentation  above  described,  be- 
ing miattended  with  visible  movement  in  the  liquid,  with  absorption  of  oxy- 
gen, or  disengagement  of  carbonic  acid. 

The  acetoufl  fermentation,  in  this  limited  sense,  consists  in  the  conver- 
sion of  alcohol  into  acetic  acid.  That  this  change  does  really  take  place 
is  inferred,  not  only  from  the  disappearance  of  alcohol  and  the  simulta- 
neous  production  of  acetic  acid,  but  also  from  the  quantity  of  the  latter  be- 
in?  precisely  proportional  to  that  of  the  former.  The  nature  of  the  chemi- 
cal action  requires  to  be  elucidated  by  future  researches.  Tho  production 
of  carbonic  acid  waa  loog  considered  an  esaential  part  of  the  change :  but 
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as  It  is  now  known  that  the  aoetificaticm  of  pttre  alcohol  may  oeeur  witli* 
out  the  formation  of  carbonic  acid,  it  is  probable  that  the  appearance  of  thaet 
gas  during  the  acetous  fermentation  of  vinous  liquors  is  referable  to  tlw  ■■• 
raultaneoQs  evolution  of  alcohol  from  sugar  contained  in  the  soiution.  Look- 
'og  to  the  composition  of  alcohol  and  acetic  acid,  and  to  the  fact  that  akso- 
lol 


hoi  may  be  acetified  by  atmospheric  oxygen  without  any  carbonie 
being  formed,  the  most  feasible  theory  is,  mat  a  certain  portion  of  alooiiol 
and  oxygen  are  resolved  into  ivater  and  acetic  acid,  the  proportions  bein^ 
such  tliat 

1  eq.  of  alcohol  4C-|-6H-haO  2   1  eq.  of  acetic  acid        4Cf3H+30 

and  4  eq.  of  oxygen  .        .        40   g^  and  3  eq.  of  water  3(H4-0), 

7*hiB  requires,  however,  a  more  direct  experimental  proof  than  it  has 
hitherto  received. 

The  acetous  fermentation  is  conducted  on  a  large  scale  for  yielding  the 
common  vinegar  of  commerce.  In  France  it  is  prepared  by  exposing  weak 
wines  to  the  air  during  warm  weather ;  and  in  this  country  H  is  maob  froiD 
a  solution  of  brown  sugar  or  molasses,  or  an  infusion  of  malt  The  vinegar 
thus  obtained  always  contains  a  large  quantity  of  mncilaginous  and  other 
vegetable  matters,  the  presence  of  which  renders  it  liable  to  several  ulterior 
changes. 

Putrefactive  Fermentation, 

By  this  term  is  implied  a  process  which  is  not  attended  with  the  pheno- 
mena of  the  saccharine,  vinous,  or  acetous  fermentation,  but  daring  which 
the  vegetable  matter  is  completely  decomposed.  All  proximate  principles 
are  not  equally  liable  to  this  kind  of  dissolution.  Those  in  which  charcoal 
and  hydrogen  prevail,  such  as  the  oils,  resins,  and  dlcohol,  do  not  undergo 
the  putrefactive  fermentation ;  nor  do  acids,  which  contain  a  consideraUe 
excess  of  oxygen,  manifest  a  tendency  to  suffer  this  change.  Those  sub- 
stances alone  are  disposed  to  putrefy,  the  oxygen  and  hydrogen  of  which 
are  in  proportion  to  form  water ;  and  such,  in  particular,  as  contain  nitro- 
gen. Among  these,  however,  a  singular  difference  is  observable.  Cafiein 
evinces  no  tendency  to  spontaneous  decomposition ;  while  gluten,  which 
certainly  must  contain  a  smaller  proportional  quantity  of  nitrogen,  putre- 
fies with  great  facility.  It  is  difficult  to  assign  the  precise  cause  of  this 
difference;  but  it  most  probably  depends  parUy  upon  the  mode  in  which 
the  ultimate  elements  of  bodies  are  arranged,  and  partly  on  their  cohesive 
power ; — those  substances,  the  texture  of  which  is  the  most  loose  and  sofi, 
being,  c€Ueri8  paribus,  the  most  liable  to  spontaneous  decomposition. 

The  conditions  which  are  required  for  enabling  the  putrefactive  process 
to  take  place,  are  moisture,  air,  and  a  certain  temperature. 

The  presence  of  a  certain  degree  of  moisture  is  absolutely  necessary ; 
and  hence  vegetable  substances,  which  are  disposed  to  putrefy  under  fa- 
vourable  circumstances,  may  be  preserved  for  an  indefinite  period  if  care- 
fully dried,  and  protected  from  humidity.  Water  acts  apparently  by  soften- 
in^  the  texture,  and  thus  counteracting  the  agency  of  cohesion  ;  and  a  part 
of^the  effect  roa^  also  be  owing  to  its  affinity  for  some  of  the  products  of 
putrefaction.  It  is  not  likely  tbkt  this  liquid  is  actually  decomposed,  since 
water  appears  to  be  a  uniform  product 

The  air  cannot  be  regarded  as  absolutely  necessary,  since  putrefaction  is 
found  to  be  produced  by  the  concurrence  of  the  two  other  conditions  only; 
but  the  process  is  without  doubt  materially  promoted  by  free  exposure  to 
the  atmosphere.  Its  operation  is  of  coarse  attributable  to  the  oxygen  com- 
bining with  the  carbon  and  hydrogen  of  the  decaying  substance. 

The  temperature  most  favourable  to  the  putrefactive  process  is  between 
C0°  and  100°.  A  strong  heat  is  un&vanrahle,  by  expelluig  moisturtt;  and 
a  cold  of  32^,  at  which  water  congeals,  arrests  its  prognasiOiogetber.   Hie 
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mode  in  which  caloric  acts  is  the  same  as  in  all  similar  cases,  namely,  by 
tending^  to  separate  elements  from  one  anotlier  which  are  already  combined. 

The  products  of  the  putrefactive  fermentation  may  be  divided  into  the 
solid,  liquid,  and  gaseous.  The  liquid  are  chiefly  water,  together  with  a 
little  acetic  acid,  and  probably  oil.  The  gaseous  products  are  light  car- 
buretted  hydrogen,  carbonic  acid,  and,  when  nitrogen  is  present,  ammonia. 
Pure  hydrogen,  and  probably  nitrogen,  are  sometimes  disengaged.  Thus 
hydrofiren  and  carbonic  acid,  according  to  Proust,  are  evolved  from  putrefy- 
ing gluten;  and  Saussure  obtained  the  same  gases  from  the  putrefaction 
of  wood  in  close  vessels.  Under  ordinary  circumstances,  however,  the 
chief  gaseous  product  of  decaying  plants  is  light  carburetted  hydrogen, 
which  is  generated  in  great  quantity  at  the  bottom  of  stagnant  pools  during 
aammer  and  autumn  (page  245).  Another  elastic  principle,  supposed  to 
arise  from  putrefying  vegetable  remains,  is  the  noxious  miasm  of  marshes. 
The  origin  of  these  miasms,  however,  is  exceedingly  obscure.  Every  at- 
tempt to  obtain  them  in  an  insulated  state  has  hitherto  prove  d  abortive ; 
and,  therefore,  if  they  are  really  a  distinct  species  of  matter,  they  must  be 
re^rded,  like  the  effluvia  of  contagious  fevers,  as  of  too  subtile  a  nature  for. 
being  subjected  to  chemical  analysis. 

When  the  decay  of  leaves  or  other  parts  of  plants  has  proceeded  so  far 
that  all  trace  of  organization  is  effaced,  a  dark  pulverulent  substance  re- 
mains,  consisting  of  charcoal  combined  with  a  little  oxygen  and  hydrogen. 
This  compound  is  Vegetable  mould,  which,  when  mixed  with  a  proper 
quantity  of  earth,  constitutes  the  soil  necessary  to  the  growth  of  plants, 
Saussure,  in  his  excellent  Recherches  Chimiquea  sur  la  Vegetation^  has  de- 
scribed vegetable  mould  as  a  substance  of  uniform  composition ;  and  on 
heating  it  to  redness  in  close  vessels,  be  procured  carburetted  hydrogen  and 
carbonic  acid  gases,  water  holding  acetate  or  carbonate  of  ammonia  in  sulu- 
tioD,  a  minute  quantity  of  empyreumatic  oil,  and  a  large  residue  of  charcoal 
mixed  with  saline  and  earthy  ingredients.  On  exposing  vegetable  mould  to 
the  action  of  light,  air,  and  moisture,  a  chemical  change  ensues,  the  effect 
of  which  is  to  render  a  portion  of  it  soluble  in  water,  and  thns  applicable  to 
the  nutrition  and  growth  of  plants. 


SECTION  IX. 


CHEMICAL  PHENOMENA  OF  GERMINATION  AND 
VEGETATION. 

Germination. 

GntMiNATTON  is  the  process  by  which  a  new  plant  originates  from  seed. 
A  seed  consists  essentially  of  two  parts,  the  genn  of  the  future  plant,  en- 
dowed with  a  principle  of  vitality,  and  the  cotyledons  or  Meed-lobea^  botli  of 
which  are  enveloped  in  a  common  covering  of  cuticle.  In  the  germ  two 
parts,  the  radick  and  plumula^  may  be  distinguished,  the  former  of  which  is 
destined  to  descend  into  the  earth  and  constitute  the  root,  the  latter  to  rise 
into  the  air  and  form  the  stem  of  the  plant  The  office  of  the  seed-lobes  is 
to  afford  nourishment  to  the  young  plant,  until  its  organization  is  so  far  ad- 
vanced, that  it  may  draw  materials  for  its  growth  from  extraneous  sources. 
For  this  reason  seeds  are  composed  of  highly  nutritious  ingredients.  The 
chief  constituent  of  most  of  them  is  starch,  in  addition  to  which  they  fre- 
quently contain  gluten,  gum,  vegetable  albumen  or  curd,  and  sugar. 

The  conditions  neoessary  to  germination  are  threefold;  namely,  moisture, 

49* 
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a  certain  temperature,  and  the  presence  of  oxygen  |paa.  The  neeeeaity  of 
moisture  to  this  proceaa  has  been  proved  hj  extensive  observation.  It  b 
well  known  that  the  concarrence  of  other  conditions  cannot  enable  seeds  to 
germinate  provided  they  are  kept  qoite  dry. 

A  certain  degree  of  warmth  is  not  less  essential  than  moisture.  Greniii> 
nation  cannot  take  place  at  32<^ ;  and  a  strong  beat,  such  as  that  of  boiling 
water,  prevents  it  altogether,  by  depriving  the  germ  of  the  vital  principle. 
The  most  favourable  temperature  ranges  irom  6(P  to  80^,  the  precise  degree 
Tarving  with  the  nature  of  the  plant,  a  circumstance  that  accounts  for  the 
difllerence  in  the  season  of  the  year  at  which  difibrent  seeds  begin  to  ger- 
minate. 

That  the  presence  of  air  is  necessary  to  germination  was  demonstrated 
by  several  philosophers,  such  as  Ray,  Boyle,  Muschenbroeck  and  Boerhaave, 
Mfbre  the  chemical  nature  of  the  atmosphere  was  discovered;  and  Scheele, 
soon  after  the  discovery  of  oxygen,  proved  tliat  beans  do  not  germinate 
without  exposure  to  that  ^as.  Achard  afterwards  demonstrated  the  same 
fact  with  respect  to  seeds  m  general,  and  his  experiments  have  been  fully 
confirmed  by  subsequent  observers.  It  has  even  been  shown  by  Humboldt, 
that  a  dilute  solution  of  ciilorine,  owing  to  the  tendency  of  that  gas  to  de- 
compose water  and  set  oxygen  at  liberty,  promotes  the  germination  of  seeds. 
These  circumstances  account  for  the  fact  that  seeds,  when  buried  deep  in 
the  earth,  are  unable  to  terminate. 

It  is  remarkable  that  uie  influence  of  light,  which  is  so  favourable  to  all 
the  subsequent  stages  of  vegetation,  is  injurious  to  the  process  of  germina^ 
tion.  Ingenhousz  and  Senncbicr  have  proved  that  a  seed  germinates  mors 
rapidly  in  the  shade  than  in  light,  and  in  diffused  dayli^t  quicker  than 
when  exposed  to  the  direct  solar  rays. 

From  the  preceding  remarks  it  is  apparent  that  when  a  seed  is  placed  an 
inch  or  two  under  the  surface  of  the  ground  in  spring,  and  is  loosely  cover- 
ed with  earth,  it  is  in  a  state  every  way  conducive  to  germination.  The 
ground  b  warmed  by  absorbing  the  solar  rays,  and  is  moistened  by  occa- 
sional showers ;  the  earth  at  the  same  time  protects  the  seed  from  light,  but 
by  its  porosity  gives  free  access  to  the  air. 

The  operation  of  malting  barley,  in  which  the  grain  b  made  to  germi- 
nate by  exposure  to  warmth,  air,  and  humidity,  affords  the  best  means  of 
studying  the  phenomena  of  germination.  In  preparing  malt,  the  grab 
passes  Oirough  four  dbtinct  stages,  called  steeping,  couching,  Aooring,  and 
kiln^rying.  In  the  first  it  is  steeped  in  water  for  abont  two  days,  when  it 
absorbs  mobture,  soflens,  and  swelb  considerably.  It  is  then  removed  to 
the  couch-frame,  where  it  b  hid  in  heaps  30  inches  in  depth  for  from  26  to 
30  hours.  In  thb  situation  the  grain  becomes  warm  and  acquires  a  dispo- 
sition to  germinate;  but  as  the  temperature,  in  such  large  heaps,  would 
rise  very  unequally,  and  germination  consequently  be  rapid  in  some  portions 
and  slow  in  others,  the  process  ot  flooring  is  employed.  This  consists  b 
laying  the  grain  in  strata  a  few  inches  thick  on  Urge  airy  but  shaded  floors, 
where  it  remains  for  about  12  or  14  days  until  germination  has  advanced  to 
the  extent  desired  by  the  malstcr.  During  this  interval  the  grain  b  firc- 
quentiy  turned,  in  order  that  the  temperature  of  the  whole  mass  should  be 
uniform,  that  each  grain  should  be  duly  exposed  to  the  air,  and  that  the 
radicles  of  contiguous  grains  should  not  become  entangled  with  each  other. 
As  soon  as  sacdiarine  matter  is  freely  developed,  germination  must  be  ar- 
rested ;  since  otherwise,  being  taken  up  as  nutriment  by  the  young  plant,  it 
would  speedily  disappear.  Accordingly,  the  grain  b  removed  to  the  kUa, 
where  it  is  exposed  to  a  temperature  gradaally  rbin^  from  100°  to  160°,  or 
rather  higher ;  the  object  being,  first,  to  dr^  the  gram  completely,  and  then 
to  provifte  against  any  recurrence  of  germmation  by  dea«lroying  the  vitality 
of  the  plant  The  most  convenient  mode  of  applying  the  heat  is  to  place 
the  grain  on  a  metallio  net-work,  through  which  passes  hot  ab  issuing  from 
a  fire  made  with  good  coke.  The  process  of  malting  b  not  conducted 
during  summer,  because  in  hot  weather  the  grain  b  apt  to  beowne  mouldy. 
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The  difference  between  malted  and  nnmalted  barley  U  readiljr  pereeived 
by  the  taste;  but  it  wiU  be  more  correctly  appreciated  by  inspecting  the  re- 
anlt  of  ProuaCi  comparative  analysis  of  malted  and  nnmalted  barl^.  (An. 
de  Ch.  et  de  Ph.  v.) 


In  100 

In  100 

parts  of  barley. 

parts  of  malt. 

Resin 

1 

1 

Gum 

4 

.        .      15 

Sugar 

.        .        5          .        , 

.        .      15 

Gluten 

3          .        . 

.        .        1 

Starch 

.        .32          .        . 

.        .      56 

Hordein 

.55          .        . 

.        .      12 

It  is  hence  apparent  that,  during  germination,  the  hordein  is  converted 
into  starch,  gum,  and  sugar;  so  that  from  an  insoluble  material,  which 
conld  not  in  that  utate  be  applied  to  the  uses  of  the  young  plant,  two  soluble 
and  highly  nutritive  principles  result,  which  by  being  dissolved  in  water  are 
readily  abrorbed  by  the  radicle. 

The  chemical  changes  which  take  place  during  germination  have  been 
ably  investigated  by  Saussure,  whose  experiments  are  detailed  in  the  work 
to  which  I  have  already  referred.  The  leading  facts  which  he  determined 
are  the  following: — ^that  oxygen  gas  is  consumed,  that  carbonic  acid  is 
evcdved,  and  that  the  volume  dT  the  latter  is  precisely  equal  to  that  of  the 
former.  Now  since  carbonic  acid  gas  contains  its  own  volume  of  oxygen, 
it  follows  that  this  gas  must  have  united  exclusively  with  carbon.  It  is 
likewise  obvious  that  the  grain  must  weigh  less  after  than  before  germina- 
tion, provided  it  is  brought  to  the  same  state  of  dryness  in  both  instances. 
Saussure  indeed  found  tnat  the  loss  is  greater  than  can  be  accounted  for  by 
the  carbon  of  the  carbonic  acid  which  is  evolved ;  and  hence  he  concluded 
that  a  portion  of  water,  generated  at  the  expense  of  the  grain  itselfj  is  dis- 
sipated in  drying.  According  to  Proust,  the  diminution  m  weight  is  about 
a  third ;  but  Dr.  Thomson  affirms  that  in  fif\y  processes,  conducted  on  a 
large  scale  under  his  inspection,  the  average  loss  did  not  exceed  one-fiflh. 

Growth  of  Plants. 

While  a  plant  differs  from  an  animal  in  exhibiting  no  signs  of  perception 
or  voluntary  motion,  and  in  possessing  no  stomach  to  serve  as  a  receptacle 
lor  its  food,  there  exists  between  them  a  close  analogy  both  of  parts  and 
functions,  which,  though  not  discerned  at  first,  becomes  striking  on  a  near 
examination.  The  stem  and  branches  act  as  a  frame-work  or  skeleton  for 
the  support  and  protection  of  the  parts  necessary  to  the  life  of  the  individual. 
Tl|e  root  servos  the  purpose  of  a  stomach  by  imbibing  nutritious  juices 
from  the  soil,  and  thus  supplying  the  plant  with  materials  for  its  growth. 
The  sap  or  circulating  fluid,  composed  of  water  holding  in  solution  saline, 
extractive,  mucilaginous,  saccharine,  and  other  soluble  substances,  rises  up- 
wards through  the  wood  in  a  distinct  system  of  tubes  called  the  eommfin 
oesseZs,  which  correspond  in  their  office  to  the  lacteals  and  pulmonary  arte- 
ries of  animals,  and  are  distributed  in  minute  ramifications  over  the  surfiice 
of  the  leaves.  In  its  passage  through  this  organ,  which  may  be  termed  the 
lungs  of  a  plant,  the  sap  is  fiilly  exposed  to  the  agency  of  light  and  air,  ex- 
periences a  change  by  which  it  is  more  completelv  adapted  to  the  wants  of 
the  vegetable  economy,  and  then  descends  through  the  inner  layer  of  the 
,  bark  in  another  system  of  tubes  called  the  proper  wsseh,  yielding  in  its 
ccKfne  all  the  juioes  and  principles  peculiar  to  the  plant 

lie  chemical  changes  which  take  place  during  the  circulation  of  the  sap 
are  in  general  of  such  a  complicated  nature,  and  so  much  under  the  control 
of  the  vital  principle^  as  to  elude  the  sagacity  of  the  chemist.  One  part  of 
the  subject,  however,  namely,  the  reciprocal  agency  of  the  atmosphere  and 
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growing  vegetables  on  each  other,  Alls  within  the  reach  of  chemical  inqiiiry, 
and  has  accordingly  been  investigated  bj  several  philosophers. 

For  the  leading  facts  relative  to  what  is  called  the  reapiratum  of  plants, 
or  the  chemical  changes  which  the  leaves  of  growing  vegetables  produce  oo 
the  atmosphere,  we  are  indebted  to  Priestley  and  Ingenhousz,  the  former  of 
whom  discovered  that  plants  absorb  carbonic  acid  from  the  air  under  certain 
circumstances,  and  emit  oxygen  in  return ;  and  the  latter  ascertained  that 
this  change  occurs  only  during  ezpoBure  lo  the  direct  rays  of  the  sun. 
When  a  healthy  plant,  the  roots  of  which  are  supplied  with  proper  nouiislv- 
nient,  is  exposed  to  the  direct  solar  beams  in  a  given  quantity  of  atmo- 
spheric  air,  the  carbonic  acid  after  a  certain  interval  is  removed,  and  an 
equal  volume  of  oxygen  is  substituted  for  it  If  a  fresh  portion  of  carbomic 
acid  is  supplied,  the  same  result  will  ensue.  In  like  manner,  Senncbier  and 
Woodhouse  observed,  that  when  the  leaves  of  a  plant  are  immersed  in  water, 
and  exposed  to  the  rays  of  the  sun,  oxygen  gas  is  disengaged.  That  the 
evolution  of  oxygen  in  this  experiment  is  accompanied  with  a  proportional 
absorption  of  carbonic  acid^  is  proved  by  employing  water  deprived  of  car- 
bonic acid  by  boiling,  in  which  case  little  or  no  oxygen  is  procured. 

Such  are  the  changes  induced  by  plants  when  exposed  to  sunshine ;  but 
in  the  dark  an  opposite  effect  ensues.  Carbonic  acid  gas  is  not  absorbed 
under  these  circumstances,  nor  is  oxygen  gas  evolved ;  but,  on  the  contrary, 
oxygen  disappears,  and  carbonic  acid  ^  is  evolved.  In  the  dark,  therefore, 
vegetables  deteriorate  rather  than  purify  the  air,  producing  the  same  effect  as 
the  respiration  of  animals. 

The  cause  of  these  opposite  effects  has  been  lately  discussed  by  Professor 
Burnet,  who  has  offered  an  ingenious  explanation^  supported  by  experi> 
ments  which  appear  to  me  satis&ctory.  (EL  Inst  Journ.  N.  S.  i.  83.)  He 
considers  that  the  influence  of  vegetation  on  the  atmosphere  is  owin^  not  to 
one  but  to  two  functions,  digeotion  and  rttpiration :  the  latter  is  believed  to 
proceed  at  all  times  as  in  animals  without  intermission,  and  its  uniform 
effect  is  the  production  of  carbonic  acid ;  while  the  former  takes  place  only 
under  the  influence  of  light,  and  gives  rise  to  evolution  of  oxygen  ^ras,  and 
the  abstraction  of  carbonic  acid.  A  plant,  exposed  to  sunshine,  purifies  the 
air,  by  absorbing  carbonic  acid  from  the  atmosphere,  as  well  as  that  emitted 
by  its  own  respiration,  and  emits  oxygen  gas  in  return.  In  the  dark,  diges- 
tion is  at  a  stand,  and  respiration  continmng  without  intermission,  carbonic 
acid  accumulates. 

From  several  of  the  preceding  facts,  it  is  supposed  that  the  oxygen  emit- 
ted by  plants  while  under  the  influence  of  light  is  derived  from  the  carbonic 
acid  which  they  absorb,  and  that  the  carbon  of  that  gas  is  applied  to  the 
purposes  of  nutrition.  Consistently  with  this  view  it  has  been  observed  that 
plants  do  not  thrive  when  kept  in  an  atmosphere  of  pure  oxygen ;  and  it 
was  found  by  Dr.  Percival  and  Mr.  Henry,  that  the  presence  of  a  little  car- 
bonic acid  is  even  flivourable  to  their  growth.  Saussare,  who  examined  this 
subject  minutely,  ascertained  that  plants  grow  better  in  an  atmosphere 
which  contains  about  one-twelfth  of  carbonic  acid  than  in  conHnoft  air,  pro- 
vided they  are  exposed  to  sunshine ;  but  if  that  gas  be  present  iki  a  greater 
proportion,  its  influence  is  prejudicial.  In  an  atmosphere  consisting  of  one- 
naif  of  its  volume  of  carbonic  acid,  the  plants  perished  in  seven  days ;  and 
they  did  not  vegetate  at  all  when  that  gas  was  in  the  proportion  of  two- 
tliirds.  In  the  shade,  the  presence  of  carbonic  acid  is  siways  detrimental. 
He  likewise  observed  that  the  presence  of  oxygen  is  necessary,  in  order  that 
a  pknt  should  derive  benefit  from  admixture  wilh  carbonic  acid. 

Saussure  is  of  opinion  that  plants  derive  a  large  quantity  of  their  carbon 
from  the  carbonic  acid  of  the  atmosphere,  an  opmion  which  receives  great 
weight  from  the  two  following  comparative  experiments.  On  causing  a 
fAant  to  vegetate  in  pure  water,  supplied  with  common  air  and  exposed  Id 
light,  the  carbon  of  tiie  plant  increased  in  quantity;  but  when  supplied  with 
common  air  in  a  dark  situation»it  even  lost  a  portion  of  the  carbon  whieh  it 
"d  previously  possessed; 
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Li^ht  is  neeeMiry  to  the  ooloor  of  plants.  The  experiments  of  Sennebidr 
and  Mr.  Gough  have  lAown  that  the  green  eokmr  of  the  leaves  is  not  de- 
iMloped,  except  when  the}^  are  in  a  sitoation  to  absorb  oxygen  and  give  ont 
carbonic  acid. 

Though  the  experiments  of  difierent  philosophers  agree  as  to  the  in- 
fioence  of  vegetation  on  the  air  in  sunshine  and  during  the  night,  very  dif- 
ferent opinions  have  been  expressed  both  as  to  the  plienomena  occasioned 
by  difTused  daylight,  and  concerning  the  total  effect  produced  bj  plants  on 
the  constitution  of  the  atmosphere.  Priestley  fennd  that  air,  vitialed  by 
oombostion  or  the  respiration  of  animals,  and  left  in  contact  for  several 
days  and  nights  with  a  sprig  of  mint,  was  gradually  restored  to  its  original 
parity ;  and  hence  he  inferred  that  the  oxygen  gas,  consumed  during  these 
and  various  other  processes,  is  restored  to  the  mass  of  the  atmosphere  by 
the  aeeney  of  growing  vegetables.  This  doctrine  was  confirmed  by  the  re- 
searches of  Ingenhoosz  and  Saussure,  who  fbnnd  that  the  quantity  of  oxy- . 
een  evdved  from  plants  by  day  exceeds  that  of  carbonic  acid  emitted  during 
3ie  night ;  and  Davy  arrived  at  tlie  same  conclusions  as  Priestley.  But  an 
opposite  opinion  has  been  supported  by  Mr.  Ellis,  who,  from  an  extensive 
series  of  experiments,  contrived  with  much  sagacity,  inferred  that  growing 
plants  ^ive  out  oxygen  only  in  direct  sun^ne,  while  at  other  times  they 
absorb  it;  that  when  exposed  to  the  ordinary  vicissitudes  of  sunshine  and 
shade,  light  and  darkness,  they  form  more  carbonic  acid  in  the  period  of  a 
day  and  night  than  they  destroy ;  and,  consequently,  that  the  general  efiect 
of  vegetation  on  the  atmosphere  is  the  same  as  that  produced  by  animals. 
(Enis*s  Researches  and  Farther  Inquiries  on  Vegetation,  &c.) 

The  recent  experiments  of  Dr.  Daubeny  appear  decisive  of  this  question. 
He  has  convinced  himself  that  in  fine  weather  a  plant  consisting  chiefly  of 
leaves  and  stems,  if  confined  in  the  same  portion  of  air  night  and  day,  and 
duly  supplied  with  carbonic  acid  gas  during  the  sunshine,  will  go  on  adding 
to  the  proportion  of  oxvgen  present,  so  long  as  it  continues  heidthy,  at  least 
up  to  a  certain  point,  the  slight  diminution  of  oxycfen  and  increase  of  car- 
bonic acid  which  takes  place  during  the  night,  bearmg  no  considerable  ratio 
to  the  degree  in  which  the  opposite  efiect  occurs  by  day.  He  accounts  for 
the  discordance  between  his  own  results  and  those  of  Mr.  Ellis,  by  his  hav. 
ing  carefully  removed  the  plants  from  the  experimenting  tar  immediately 
they  began  to  suffer  from  the  heat  or  confinement,  and  conducted  the  expe- 
riments on  a  larger  and  more  suitable  scale.  (Reports  of  the  British  Asso- 
ciation for  1834,  436.) 

Food  of  Plants. 

The  chief  source  from  which  plants  derive  the  materials  for  their  growth 
is  the  soil.  However  various  the  eomposition  of  the  soil,  it  consists  essen- 
tially of  two  parts,  so  far  as  its  solid  constituents  are  concerned.  One  is  a 
certain  quantity  of  earthy  matters,  such  as  siliceous  earth,  clay,  lime,  and 
sometimes  magnesia ;  and  the  other  is  formed  from  the  remains  of  animal 
and  vegetable  snbstanoes,  which,  when  mixed  with  tlie  former,  constitute 
common  mould.  A  mixture  of  this  kind,  moistened  by  rain,  affords  the  pro- 
per nourishment  of  plants.  The  water,  percolating  through  the  mould,  die* 
solves  the  soluble  salts  with  which  it  comes  in  contact,  toother  with  the 
gaseous,  extractive,  and  other  matters  which  are  fbrmed  dunncr  the  deoonv- 
position  of  the  animal  and  vegetable  remains.  In  this  state  it  is  readily  ab> 
sorbed  by  the  roots,  and  conveyed  as  sap  to  the  leaves,  where  it  undergoes 
a  process  of  assimilation. 

But  though  this  is  the  natural  process  b^  which  plants  obtain  the  greater 
part  of  their  nourishment,  and  without  which  they  do  not  arrive  at  perfect 
maturity,  they  may  live,  grow,  and  even  increase  in  weight,  when  wholly 
deprived  of  nutrition  from  this  source.  Thus  in  the  experiment  of  Saussure, 
already  described,  sprigs  of  peppermint  were  found  to  vegetate  in  distilled 
water ;  and  it  is  wdl  luiown  that  many  plants  grow  when  merely  suspended 
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in  the  «ir.  In  the  hot-houBM  of  the  botanical  garden  of  Edinborgrh,  for  ex- 
ample,  there  are  two  plants,  species  of  the  fig-tree,  the  Fieu9  auttraUs  and 
Fietu  elaatica,  the  latter  of  which,  as  Dr.  Graham  informs  me,  has  been 
suspended  for  ten,  and  the  former  for  nearly  sixteen  years,  during  which 
time  they  have  continued  to  send  out  shoots  and  leaves. 

Before  scientific  men  had  learned  to  appreciate  the  influence  of  atmo- 
spheric air  on  vegetation,  the  increase  of  carbonaceous  matter,  which  oocurs 
in  some  of  these  instances,  was  supposed  to  be  derived  from  water,  an 
opinion  naturally  suggested  by  the  important  offices  performed  by  this  fluid 
in  the  vegetable  economy.  Without  water  plants  speedily  wither  and  die. 
It  gives  Uie  sofl  parts  that  degree  of  succulence  necessary  for  the  perform- 
ance  of  their  functions ; — it  affords  two  elements,  oxygen  and  hydrogen, 
which  either  as  water,  or  under  some  other  form,  are  contaioed  in  all  vege- 
table products ; — and,  lastly,  the  roots  absorb  from  the  soil  those  substances 
only,  which  are  dissolved  or  suspended  in  water.  So  carefully,  indeed,  has 
nature  provided  against  the  chance  of  deficient  moisture,  that  the  leaves  are 
endowed  with  a  property  both  of  absorbing  aqueous  vapour  directly  from 
the  atmosphere,  and  of  lowering  their  temperature  during  the  night  by  ra- 
diation so  as  to  cause  a  deposition  of  dew  upon  their  surface,  in  conse- 
quence of  which,  during  the  driest  seasons  and  in  the  warmest  climates, 
they  frequently  continue  to  convey  this  fluid  to  the  plant,  when  it  can  no 
longer  bo  obtained  in  sufficient  quantity  from  the  soil.  But  necessary  as 
water  is  to  vegetable  life,  it  cannot  yield  to  plants  a  principle  which  it  does 
not  possess.  The  carbonaceous  matter  which  accumulates  in  plants,  under 
the  circumstances  above  mentioned,  may,  with  every  appearance  of  justice, 
be  referred  to  the  atmosphere ;  since  we  know  that  carbonic  acid  exists 
there,  and  that  growing  vegetables  have  the  property  of  taking  carbon  from 
that  gas. 

When  plants  are  incinerated,  their  ashes  are  found  to  contain  saline  and 
earthy  matters,  the  elements  of  which,  if  not  the  compounds  thcpnselves,  are 
supposed  to  be  derived  from  the  soil.  Such  at  least  is  the  view  deduciUe 
firom  the  researches  of  Saussure,  and  which  might  have  been  anticipated  by 
reasoning  on  chemical  principles.  The  experiments  of  M.  Schrader,  how- 
ever,  lead  to  a  different  conclusion.  He  sowed  several  kinds  of  grainy  such 
as  barley,  wheat,  rye,  and  oats,  in  pure  flowers  of  sulphur,  and  supplied  the 
shoots  as  they  grew  with  nothing  but  air,  light,  and  distilled  water.  On  in- 
cinerating  the  plants,  thus  treated,  they  yielded  a  greater  quantity  of  saline 
and  eartliy  matters  than  were  originally  present  in  the  seeds. 

These  results,  supposing  them  accurate,  may  be  accounted  for  in  two 
ways.  It  may  be  supposed,  in  the  first  place,  that  the  foreign  matters  were 
introduced  accidentally  from  extraneous  sources,  as  by  fine  particles  of  dost 
floatinsr  in  the  atmosphere ;  or,  secondly,  it  may  be  conceived,  that  they  were 
derived  from  the  sulphur,  air,  and  water,  with  which  the  pUnta  were  sap- 
plied.  If  the  latter  opinion  be  adopted,  we  most  infer  either  that  the  vital 
principle,  which  certainly  controls  chemical  affinity  in  a  surprising  manner, 
and  directs  this  power  in  the  production  of  new  compounds  from  elementary 
bodies,  may  likewise  convert  one  element  into  another ;  or  that  some  of  the 
substances,  supposed  by  chemists  to  be  simple,  such  as  oxygen  and  hydro- 
gen, are  compounds,  not  of  two,  bat  of  a  variety  of  different  principles.  As 
these  conjectures  are  without  foundation,  and  are  utterly  at  variance  with 
the  facts  and  principles  of  the  science,  I  do  not  hesitate  in  adopting  the  more 
probable  opinion,  that  the  experiments  of  AL  Scbrader  were  influenced  by 
some  flource  of  error  which  escaped  detection. 
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Aix  dUiioct  oompoonds,  which  ore  derived  from  the  bodiea  of  animaU, 
are  called  proximate  animal  principles.  They  are  distinguished  from  inor- 
gaDic  matter  by  the  characters  stated  in  the  introduction  to  organic  cbemis- 
try.  Hie  circumstances  which  serve  to  distinguish  them  from  vegetable 
matter  are,  the  presence  of  nitrogen,  their  strong  tendency  to  putrofy,  and 
the  higlily  offensive  products  to  which  their  spontaneous  decomposition  gives 
rise.  It  should  be  remembered,  however,  that  nitrogen  is  likewise  a  consti. 
tuent  of  many  vegetable  substances;  though  few  of  these,  the  ve^to-animal 
principles  excepted  (page  568),  are  prone  to  suffer  the  putrefactive  fermen- 
tation. It  is  likewise  remarkable  that  some  compounds  of  animal  origin, 
such  as  cholesterine  and  the  oils,  do  not  contain  nitrogen  as  one  of  their 
elements,  and  are  not  disposed  to  putrefy. 

The  essential  constituents  of  animal  compounds  are  carbon,  hydrogen, 
oxygen,  and  nitrogen^besides  which  some  of  them  contain  phosphorus,  sul- 
phur, iron,  and  earthy  and  saline  matters  in  small  quantity.  Owing  to  the 
presence  of  sulphur  and  phosphorus,  the  process  of  putrefaction,  which  will 
bo  particularly  described  hereafler,  is  frequently  attended  with  the  disengage- 
ment  of  hydrosulphuric  acid  and  phosphuretted  hydrogen  gases.  When 
heated  in  close  vessels,  they  yield  water,  carbonic  oxide,  carburetted  hydro- 
gen, probably  free  nitrogen  and  hydrogen,  carbonate  and  hydrocyanate  of 
ammonia,  and  a  peculiarly  ^id  thick  oU.  The  carbonaceous  matter  lefi  in 
the  retort  is  less  easily  burned,  and  is  more  effectual  as  a  decolorizing  agent, 
than  charcoal  derived  from  vegetable  matter. 

The  principle  of  the  methc^  of  analyzing  animal  substances  has  already 
been  mentioned  (page  495). 

In  describing  the  proximate  animal  principles,  the  number  of  which  is  far 
less  considerable  than  that  of  vegetable  compounds,  the  arrangement  sug- 
gested by  Gay-Lussac  and  Thenard  in  their  Kecherehet  P&ystco-CAtmt^es, 
and  followed  by  Thenard  in  his  System  of  Chemistry,  has  been  adopted. 
The  animal  compounds  are  accordrngly  arranged  in  three  sections.  The 
first  contains  substances  which  are  neither  acid  nor  oleaginous ;  the  second 
comprehends  the  animal  acids ;  and  the  third  includes  Uie  animal  oils  and 
fiits.  Several  of  the  principles  belonging  to  the  first  division,  such  as  fibrin, 
albumen,  gelatin,  caseous  matter,  and  urea,  were  shown  by  Gay-Lussac  and 
Thenard  to  have  several  points  of  similarity  in  their  composition.  They  all 
contain,  for  example,  a  large  quantity  of  carbon,  and  their  hydrogen  is  in 
such  proportion  as  to  convert  all  their  oxygen  into  water,  and  their  nitrogen 
into  ammonia.  No  genera]  laws  have  been  established  relative  to  the  con- 
stitution of  the  compounds  comprised  in  the  other  sections. 


PROXIMATE  ANIMAL  SUBSTANCES. 

SECTION  I. 
SUBSTANC£S  WHICH  ARE  NEITHER  ACID  NOR  OLEAGINOUS. 

Fibrin. 

Fibrin  enters  largely  into  the  composition  of  the  blood,  and  is  the  basis  of 
the  muscles ;  it  may  lie  regarded,  therefore,  as  one  of  the  most  abundant  of 
the  animal  principles.  It  is  most  conveniently  procured  by  stirring  recently 
dnwa  blood  with  a  stick  during  its  coagulation,  and  then  washing  Uie  ad- 
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herinff  fibres  with  water  until  they  are  perftctly  white.  It  may  alio  be  ob- 
tdned  firom  lean  beef  cut  into  small  alioee,  the  eolaUe  parts  being  removed 
by  digestion  in  several  successive  portions  of  water. 

Fibrin  is  solid,  white,  innpld,  and  inodorous.  When  moist  it  is  somewhal 
elastic,  bat  on  drying,  it  becomes  hard,  brittle,  and  semi-transparent  In  a 
Boist  warm  situation  it  readalv  putrefies.  It  is  insoluble  in  water  at  oom- 
jpoo  temperatures,  and  is  dissolved  in  very  minute  4}nantity  by  the  eoBtinued 
action  of  boiling  water.  Alcohol,  of  specific  jravity  0.81,  converts  it  into  a 
Aitj  adipoeiroQs  matter,  which  is  soluUe  in  ucohol  and  ether,  but  is  pMci- 
(tttated  by  water. 

The  action  of  acids  on  fibrin  has  been  particularly  described  by  Benelios. 
(Medico4^hir.  Trans,  iii.  901.)  Digested  in  concentrated  acetic  acid,  fibrin 
BweUs  and  becomes  a  bulky  tremulous  jelly,  which  dissolves  coraplelelj, 
with  disengagement  of  a  little  nitrogen,  in  a  considerable  quuitity  of  bet 
water. 

By  the  action  of  nitric  acid  of  specific  gravity  li25,  aided  by  heat,  on 
fibrin,  a  yellow  solution  is  formed  with  disengagement  of  a  large  quantity  of 
nearly  pure  nitrogen,  in  which  Berzelius  could  not  detect  the  least  trace  of 
binoade  of  nitrogen.  Afier  digestion  for  24  hoars,  a  pale  yellow  pulverulent 
substance  is  deposited,  which  Foororoy  and  Vauquelin  deiscribed  as  a  new 
acid  under  the  name  of  yeUoio  ueid,  Aocording  to  Berzelius,  however,  it  is 
a  compound  of  modified  fibrin  and  nitric  add,  together  with  some  malic  and 
nitrous  acids.  It  likewise  contains  some  fatty  matter,  which  may  be  fe> 
moved  by  alcohol.  The  origin  of  the  nitrogen  which  is  disengaged  in  the 
beginning  of  the  process  is  somewhat  obscure.  From  the  total  abeenoe  of 
binozide  of  nitrogen,  it  is  probable  that  in  the  early  stages  very  little,  if  any, 
of  the  nitric  acid  is  decomposed,  and  that  the  nitrogen  gas  is  solely  or  chiefly 
derived  from  the  fibrin. 

Dilute  hydrochloric  acid  hardens  without  dissolving  fibrin,  and  the  strong 
acid  decomposes  it.  The  action  of  sulphuric  acid,  according  to  Braconnot, 
is  very  peculiar.  When  fibrin  is  mixed  with  its  own  weight  of  concentrated 
sulphuric  acid,  a  perfect  solution  ensues,  without  change  of  colour,  or  disen- 
ffagement  of  sulphurous  acid.  On  diluting  with  water,  boilins  for  nine 
hours,  and  separating  the  acid  by  means  of  chalk,  the  filtered  smution  was 
found  to  contain  a  peculiar  white  matter,- to  which  Braconnot  has  applied 
the  name  of  leucine,  (An.  de  Ch.  et  de  Fh.  ziii.)  Digested  in  strong  sol* 
phuric  add,  a  dark  reddish-brown,  nearly  black,  solution  b  fimned,  anid  the 
fibrin  is  carbonised  and  decomposed. 

Fibrin  is  dissolved  by  pure  potassa,  and  is  thrown  down  when  the  sohition 
is  neutralized.  The  fibrin  thus  predpitated,  however,  is  partially  changed, 
since  it  is  no  longer  soluble  in  acetic  acid.  It  is  soluble  likewise  in  am- 
monia. 

The  fi>Ilowiiig  is  a  tabular  view  of  the  composition  in  100  parts  of  fibrin, 
albumen,  gelatin,  and  urea:— 

Oxygen. 

19.685  Gay.L.  and  Thenard. 
23.872  Ditta 
26.67    Prout 

27.207  Gay.L.  and  Tbenard. 
26.66    Front. 

Albumen  enters  largely  into  the  composition  both  of  animal  fluids  and 
solids.  Dissolved  in  water  it  forms  an  essential  constituent  of  the  serum  of 
the  blood,  the  liquor  of  the  serous  cavities,  and  tbe  fluid  of  dropsy ;  and  ia  a 
solid  state  it  is  contained  in  several  of  the  textures  of  the  body,  such  as  the 
cellular  membrane,  the  skin,  glands,  and  vessels.  From  this  it  appears  tb^t 
albumen  exists  under  two  forms,  liquid  and  solid. 


Carbon. 

Hydrog. 

NiUogen. 
19.934 

Fibrin     . 

.    53.36 

^02! 

Albumen 

>  52.883 
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7.54 

7.78 

15.705 
15.55 

Gelatin    . 

.    47.881 

7.914 

16.998 

Urea  .    . 

.    19.99 

a66 

46.66 
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liquid  albomen  ib  best  procured  from  the  white  of  eggs,  which  consists 
almost  solely  of  this  principle,  united  with  water  and  free  soda,  and  mixed 
with  a  small  quantity  of  saline  matter.  In  this  state  it  is  a  thick  glairy 
fluid,  insipid,  inodorous,  and  easily  miscible  with  cold  water,  in  a  sumcicnt 
quantity  of  which  it  is  completely  dissolved.  When  exposed  in  thin  layers 
to  a  current  of  air  it  dries,  and  becomes  a  solid  and  transparent  substance, 
which  retains  its  solubility  in  water,  and  ma^  be  preserved  for  any  length  of 
time  without  change ;  but  if  kept  in  its  fluid  condition  it  readily  putrefies. 
From  the  free  soda  which  they  contain,  albuminous  liquids  have  always  an 
alkaline  reaction. 

Liquid  albumen  is  coagulated  by  heat,  alcohol,  and  the  stronger  acids. 
Undiluted  albumen  is  coagulated  by  a  temperature  of  160^,  and  when 
diluted  with  water  at  212o  F.  Water  which  contains  only  l-lOOOth  of  its 
weight  of  albumen  is  rendered  opaque  by  boiling.  (Bostock.)  On  this  pro- 
perty  is  founded  the  method  of  clarifying  by  means  of  albuminous  solu- 
tions ;  for  tho  albumen  being  coagulated  by  heat,  entangles  in  its  substance 
all  the  foreign  particles  which  are  not  actually  dissolved,  and  carries  them 
with  it  to  tho  surface  of  the  liquid.  The  character  of  being  coagulated  by 
hot  water  distinguishes  albumen  from  all  other  animal  fluids. 

The  acids  diner  in  their  action  on  albumen.  The  sulphuric,  hydrochlo- 
ric, nitric,  and  tannic  acids  coagulate  it ;  and  in  each  case,  some  of  the  acid 
is  retained  by  the  albumen.  It  is  precipitated  also  by  metaphosphoric  acid, 
but  not  by  the  phosphoric  or  pyrophosphorio  (page  204).  The  solution  of 
albumen  is  not  precipitated  at  all  by  acetic  acid.  By  maceration  in  dilute 
nitric  acid  for  a  month,  it  is  converted,  according  to  Mr.  Hatchett,  into  a 
substance  soluble  in  hot  water,  and  possessed  of  tho  leading  properties  of 
gelatin.  Digested  in  strong  sulphuric  acid,  the  coagulum  is  dissolved,  and 
a  dark  solution  is  formed  similar  to  that  produced  by  the  same  acid  on 
fibrin;  but  if  the  heat  be  applied  yery  cautiously,  the  liquid  assumes  a  beau- 
tiful red  colour.  This  property  was  discovered  some  years  ago  by  Dr.  Hope, 
who  informs  me  that  the  experiment  does  not  always  succeed,  tiie  result 
being  influenced  by  very  slight  causes. 

Albumen  is  precipitated  by  several  reagents,  especially  by  metallic  salts. 
Of  these  the  most  delicate  as  a  test  is  corrosive  sublimate,  which  causes  a 
milkiuess  when  the  albumen  is  diluted  with  2000  parts  of  water.  The  pre- 
cipitate, as  stated  at  page  398,  is  generally  considered  as  a  compound  of 
calomel  and  albumen;  but  a  late  analysis  by  Rose  has  proved  that  it  con- 
sists of  oxide  of  mercury  and  albumen  (Pog.  Ann.  xxviii.  132).  Other 
metallic  solutions,  such  as  the  chlorides  of  tin  and  iron,  subacctate  of  oxide 
of  lead,  and  the  sulphates  of  alumina  and  oxide  of  copper,  also  precipitate 
albumen;  the  precipitate  in  every  case  consists,  according  to  Rose,  of  a 
metallic  oxide  united  with  albumen.  All  these  precipitates,  not  excepting 
that  from  corrosive  sublimate,  dissolve  in  an  excess  of  albumen,  and  most 
of  them  are  soluble  in  an  excess  of  the  metallic  salt  Ferrocyanurct  of 
potassium  is  a  test  for  albumen  equally  delicate  as  corrosive  sublimate,  if 
not  more  so,  provided  acetic  acid  is  previously  added  to  neutralize  tho 
alkali. 

When  an  albuminous  liquid  is  exposed  to  tho  agency  of  galvanism,  pure 
soda  makes  its  appearance  at  the  negative  wire,  and  the  albumen  coagulates 
around  that  which  is  in  connexion  with  the  positive  pole  of  the  battery. 
Mr.  Brande,*  who  first  observed  this  phenomenon,  ascribes  it  to  the  separa- 
tion  of  free  soda,  upon  which  he  supposes  the  solubility  of  albumen  in 
water  to  depend;  but  Lassaignet  attributes  it  to  the  decomposition  of  chlo- 
ride of  sodium  and  the  developement  of  acid,  which  coagulates  the  albamen. 
However  this  may  be,  galvanism  is  one  of  the  most  elegant  and  delicate 
tests  which  we  possess  of  the  presence  of  albumen  in  animal  fluids. 
Chemists  aie  not  agreed  as  to  the  cause  of  the  coagulation  of  albumen  by 

•  Philoeoidixcal  TrtmactioDs  for  1809.     ^  t  An.  de  Ch.  ct  do  F  h.  r.  'I.  xx, 
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alcohol  and  heat  The  explanation  oaQaOy  given  is  that  propoeed  bj  Dr. 
Thomson,  who  ascribes  the  solubility  of  albumen  to  the  presence  of  free 
soda,  and  its  coagulation  to  the  removal  of  the  alkali.  To  this  hypothens 
Dr.  Bostock  objects,  and  with  iustice,  that  albuminous  liquids  do  not  contain 
a  sufficient  quantity  of  fVee  alkali  for  the  purpose  (MedicoJChir.  Trans,  ii 
175).  Were  I  to  hazard  an  opinion  on  this  subject,  it  would  be  the  follow, 
ing : — ^that  albumen  combines  directly  with  water  at  the  moment  of  being 
secreted,  at  a  time  when  its  particles  are  in  a  state  of  minute  division;  bat 
as  its  affinity  for  that  liquid  is  very  feeble,  the  compound  is  decompoeed  hy 
slight  causes,  and  the  albumen  thereby  rendered  ouite  insoluble.  Silicic 
acid  affi)rds  an  instance  of  a  similar  phenomenon.   (Page  325.) 

Albumen  coagulates  without  appearing  to  undergo  any  change  of  oompo. 
sition,  but  it  is  quite  insoluble  in  water,  and  is  less  liable  to  putrefy  than  in 
its  liquid  state.  It  is  dissolved  by  alkalies  with  disengagement  of  ammo, 
nta,  and  is  precipitated  from  its  solution  by  acids.  In  the  coagulated  state 
it  bears  a  very  close  rcftcmblance  to  fibrin,  and  is  with  difficulty  distinguish- 
ed from  it  Alcohol,  ether,  acids,  and  alkalies,  according  to  Berzelius,  act 
upon  each  in  the  same  manner.  He  observes,  however,  that  acetic  acid  and 
ammonia  dissolve  fibrin  more  easily  than  coagulated  albumen.  According 
to  Thenard,  they  are  readily  distinguished  by  means  of  binoxide  of  hydro- 
gen,  from  which  fibrin  causes  evolution  of  oxygen,  while  albumen  has  no 
action  upon  it 

tielatin. 

Gelatin  exists  abundantly  in  many  of  the  solid  parts  of  the  body,  espe. 
cially  in  the  skin,  cartilages,  tendons,  membranes,  and  bones.  According 
to  ncrzclius,  it  is  not  contained  in  any  of  the  healthy  animal  fluids ;  and 
Djr.  Bostock,  with  respect  to  the  blood,  has  demonstrated  the  accuracy  of 
this  statement.   (Medico-Chir.  Trans,  vol.  i.  and  ii.) 

Gelatin  is  distinguished  from  all  animal  principles  by  its  ready  sohibifitj 
in  boiling  water,  and  by  the  solution  forming  a  bulky,  semitransparent, 
tremulous  jelly  as  it  cools.  Its  tendency  to  gelatinize  is  such,  that  one  part 
of  gelatin,  dissolved  in  100  parts  of  water,  becomes  solid  in  cooling.  This 
jelly  is  a  hydrate  of  gelatin,  and  contains  so  much  water,  that  it  readily 
liquefies  when  warmed.  On  expelling  the  water  by  a  gentle  beat,  a  brittk 
mass  is  Icfl,  which  retains  its  solubility  in  hot  water,  and  may  be  preserved 
for  any  length  of  time  without  change.  Jelly,  on  the  contrary,  soon  be- 
comes acid  by  keeping,  and  then  putrefies. 

The  common  gelatin  of  commerce  is  the  well-known  cement  called  ghte, 
which  is  prepared  by  boiling  cuttings  of  parchment,  or  the  skins,  ears,  and 
hoofs  of  animals,  and  evaporating  the  solution :  it  may  also  be  prepared 
from  bones.  Isinglass,  which  is  the  purest  variety  of  gelatin,  is  prepared 
from  the  sounds  of  fish  of  the  genus  acipenser  especially  from  the  storgeon. 
The  animal  jelly  of  the  confectioners  is  made  from  the  feet  of  calves,  the 
tendinous  and  ligamentous  parts  of  which  ^ield  a  large  quantity  of  gelatin. 

Grelatin  is  insoluble  in  alcohol,  but  is  dissolved  readily  by  most  of  the 
diluted  acids,  which  form  an  excellent  solvent  for  it  Mixed  with  twice  its 
weight  of  concentrated  sulphuric  acid,  it  dissolves  without  being  charred; 
and  on  diluting  the  solution  with  ^ater,  boiling  for  several  hours,  separating 
the  acid  by  means  of  chalk,  and  evaporating  the  filtered  liquid,  a  pecofiar 
saccharine  principle  is  deposited  in  crystals.  This  substance  has  a  sweet 
taste,  somewhat  like  that  of  the  sugar  of  grapes,  is  soluble  in  water,  tboagh 
less  so  than  common  sugar,  and  is  insoluble  in  alcohol.  When  heated  to 
redness,  it  yields  ammonia  as  one  of  the  products,  a  circitmstance  whidi 
shows  that  it  contains  nitro^n.  Mixed  with  yeast,  its  solution  does  not 
undergo  the  vinous  fermentation ;  and  it  combines  directly  with  nitric  acid. 
It  is  hence  apparent  that,  though  possessed  of  a  swoet  taste,  it  diffisrs  en. 
tirely  from  sugar.  This  substance  was  discovered  by  Braconnot  (An.  de 
Cb.  et  de  Ph.  vol  xUi.) 
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Gelatin  is  diMolved  by  the  liquid  alkaliea,  and  the  lolutioii  is  not  precipi- 
tated by  acids. 

Grelatin  manifests  little  tendency  to  unite  with  metallic  oxides.  Cor^oflive 
sublimate  and  subacetate  of  ojude  of  lead  do  not  occasion  an^  precipitate  ift 
a  solution  of  gelatin,  and  the  salts  of  tin  and  silver  affect  it  very  slightly. 
The  bnt  precipitant  for  it  is  tannic  acid.  By  means  of  an  infusion  of  gall- 
nuts.  Dr.  Bostock  detected  the  presence  of  gelatin  when  mixed  with  5000 
times  its  weight  of  water ;  and  its  quantity  may  even  be  estimated  approx- 
imately by  this  reagent  (page  515).  But  since  other  animal  substances,  as 
for  example  albumen,  are  precipitated  by  tannic  acid,  it  cannot  be  relied  on 
as  a  test  of  gelatin.  The  best  character  for  this  substance  is  that  of  solu- 
bility in  hot  water,  and  of  forming  a  jelly  as  it  cools. 

Urea. 

Urea  is  procured  by  evaporating  fresh  urine  to  the  consistence  of  a  syrup, 
and  then  gradually  adding  to  it,  when  quite  cold,  pure  concentrated  nitric 
acid,  which  should  be  free  from  nitrous  acid,  till  the  whole  becomes  a  dark- 
coloured  crystallized  mass,  which  is  to  be  repeatedly  washed  with  ice-cold 
water,  and  then  dried  by,  pressure  between  folds  of  bibulous  paper.  To  the 
nitrate  of  urea,  thus  procured,  a  pretty  strong  solution  of  carbonate  of 
potassa  is  added,  until  the  acid  is  neutralized ;  and  the  solution  is  aflerwards 
concentrated  by  evaporation,  and  set  aside,  in  order  that  the  nitre  may  sepa- 
rate in  crystals.  Dr.  Prout  recommends  that  the  residual  liquid,  which  is 
an  impure  solution  of  urea,  should  be  made  up  into  a  thin  paste  with  animal 
charcoal,  and  be  allowed  to  remain  in  that  state  for  a  few  hours.  The  paste 
is  then  mixed  with  cold  water,  which  takes  up  the  urea,  while  the  colouring 
matter  is  retained  by  the  charcoal;  and  the  colourless  solution  is  evaporated 
to  dryness  at  a  low  temperature.  The  residue  is  then  boiled  in  pure  alco- 
hoi,  by  which  the  urea  is  dissolved,  and  from  which  it  is  deposited  in  crys- 
tals  on  cooling.  (Mcdico-Chir.  Trans,  viii.  529.)  In  order  to  obtain  them 
quite  colourless,  it  is  necessary  to  redissolve  in  alcohol,  and  crystallize  a 
second  or  even  a  third  time. 

The  cry  tals  of  pure  urea  are  transparent  and  colourless,  of  a  slight 
pearly  lustre,  and  have  commonly  the  form  of  a  four-sided  prism.  It  leaves 
a  sensation  of  coldness  on  the  tongue  like  nitre,  and  its  smell  is  faint  and 
peculiar,  but  not  urinous.  Its  specific  gravity  is  about  1.35.  It  does  not  affect 
the  colour  of  litmus  or  turmeric  paper.  In  a  moist  atmosphere  it  deliquesces 
slightly;  but  otherwise  it  undergoes  no  change  on  exposure  to  the  air. 
(Prout.)  It  is  fused  at  248^,  and  at  a  rather  higher  temperature  it  is  de- 
composed, being  resolved  chieflj  into  carbonate  of  ammonia  and  cvanuric 
acid,  the  latter  of  which,  if  the  heat  bp  not  incautiously  raised,  is  left  in  the 
retort  (Page  273.) 

Water  at  50°  dissolves  more  than  its  own  weight  of  urea,  and  boiling  wa- 
ter takes  up  an  unlimited  quantity.  It  requires  for  solution  about  five  times 
its  weight  of  alcohol  of  specific  gravity  0.816  at  60°,  and  rather  less  than 
its  own  weight  at  a  boiling  temperature.  The  aqueous  solution  of  pure 
urea  may  be  exposed  to  the  atmosphere  for  several  months,  or  be  heated  to 
the  boiling,  point,  without  change ;  but,  on  the  contrary,  if  the  other  eon. 
stitoents  of  urine  are  present,  it  putrefies  with  rapidity,  and  is  decomposed 
by  a  temperature  of  212°,  being  almost  entirely  resolved  into  carbonate  of 
ammonia  by  continued  ebullition. 

The  pure  fixed  alkalies  and  alkaline  earths  decompose  ures,  especially 
by  the  aid  of  heat,  carbonate  of  ammonia  being  the  chief  product 

Though  urea  has  not  any  distinct  alkaline  properties,  it  unites  with  the 
nitric  and  oxalic  acids,  forming  sparingly  soluble  compounds,  which  crys- 
tallise  in  scales  of  a  pearly  lustre.  This  property  affords  an  excellent  test 
of  the  presence  of  urea.  Both  compounds  have  an  acid  reaction,  and  the 
nitrate  eonsists  of  54.15  parts  or  one  equivalent  of  nitric  acid,  and  60.54 
parts  or  ome  equivalent  of  uree. 
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Urea  has  been  carefally  analyzed  by  Dr.  Proat,  and  the  accuracy  of  his 
analysis  is  amply  attested  by  the  late  researches  of  Liebig  and  Wohler.  Its 
equivalent  is  60.54 ;  and  its  elements,  as  already  ezplaineid  (jpttge  271),  are 
in  precisely  the  same  ratio  as  the  hydrated  cyanate  of  ammonia. 

A  sinj^rular  instance  of  the  artificial  production  of  urea  has  been  noticed 
by  Wohler.  It  is  formed  by  the  action  of  ammonia  on  cyanogen,  as  also 
by  direct  contact  of  cyanic  acid  and  ammonia ;  but  the  b^t  mode  of  pre- 
paring it  is  by  decomposing  emanate  of  oxide  of  silver  with  hydrocfalorate 
of  ammonia,  or  cyanate  of  oxide  of  lead  with  ammonia,  the  action  being 
promoted  by  a  gentle  heat  In  the  last  case,  oxide  of  lead  is  set  free^  and 
the  only  other  product  appears  in  colourless,  transparent,  four-sided,  rect- 
angular crystals.  These  crystals,  judging  by  the  mode  of  preparation,  must 
be  cyanate  of  ammonia ;  but  yet  no  ammonia  is  evolved  from  them  by  the 
action  of  potassa :  the  stronger  acids  do  not,  as  with  other  cyanates,  cause 
an  evolution  of  carbonic  and  cyanic  acids;  nor  do  they  yield  precipitates 
with  salts  of  lead  and  silver.  In  fact,  though  procured  by  the  mutual  ac- 
tion of  cyanic  acid  and  ammonia,  and  containmg  the  very  same  elements 
(page  271),  the  characters  above  mentioned  do  not  indicate  the  presence  of 
either;  but  on  the  contrary  the  crystals  agree  wjth  urea  obtained  from 
urine  in  composition  and  in  all  their  chemical  properties.  (Journal  of 
Science,  N.  S.  iii.  491.)  The  cyanic  acid  above  referred  to  is  that  diseo- 
vercd  by  Wohler. 

Sugar  of  Milk  and  Sugar  of  Diabetes, 

Sugar  of  MUk. — ^The  saccharine  principle  of  milk  is  obtained  from  whey 
by  evaporating  that  liquid  to  the  consistence  of  syrup,  and  allowing  it  to 
cool.  It  is  afterwards  purified  by  means  of  albumen  and  a  second  crystal- 
lization. 

The  sugar  of  milk  has  a  sweet  taste,  though  less  so  than  the  sugar  of  the 
cane,  from  which  it  dlfiers  essentially  in  several  other  respects.  Thus  it  re- 
quires  seven  parU  of  cold  and  four  of  boiling  water  for  solution,  and  is  in- 
soluble  in  alcohol.  It  is  nut  susceptible  of  undergoing  the  vinous  fennenta- 
tion ;  and  when  digested  with  nitric  acid  'it  yields  saccholactic  acid,  a 
property  first  noticed  by  Scheele,  and  which  distinguishes  the  saccharine 
principle  of  milk  from  every  other  species  of  sugar.  Like  starch,  it  b  oon- 
vertible  into  real  sugar  by  being  boiled  in  water  acidulated  with  sulphoric 
acid. 

Sugar  of  milk  contains  no  nitrogen,  and  according  to  the  analysis  of  Gay- 
Lussac  and  Thenard,  is  very  analogous  to  common  sugar  in  the  proportion 
of  its  elements. 

Sugor  ofDiahete$.^ln  the  disease  called  diahet€9  the  urine  contains  a  pe- 
culiar saccharine  matter,  which,  when  properly  purified,  appears  identical 
both  in  properties  and  composition  with  vegetable  sugar,  approaching  nearer 
to  the  sugar  of  grapes  than  that  from  the  sugar-cane.  This  kind  of  sugar 
is  obtained  in  an  irregularly  crystalline  mass  by  evaporating  diabetic  unne 
to  the  consistence  of  syrup,  and  keeping  it  in  a  warm  place  for  several  days. 
It  is  purified  by  washing  the  mass  with  alcohol,  either  cold  or  at  most  gen. 
tly  heated,  till  tliat  liquid  comes  off  colourless,  and  then  dissolving  it  in  hot 
alcohol.    By  repeated  crystallization  it  is  thus  rendered  quite  pore,  (ProuL) 

A  few  other  principles  yet  remain  to  be  considered,  such  as  the  colouring 
principle  of  the  blood,  caseous  matter,  and  mucus ;  but  these  will  be  more 
tonveniently  studied  in  subsequent  sections. 
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SECTION  11. 


ANIMAL  ACIDS. 

In  animal  bodies  several  acids  are  foand,  such  as  sulphuric,  hydrochloric, 
phosphoric,  acetic,  &.C.,  which  belong  equally  to  the  mineral  or  vegetable 
lungdom,  and  which  have  consequently  been  described  in  other  parts  of  the 
work.  In  this  section  are  included  those  acids  only  which  are  believed  to 
be  peculiar  to  animal  bodies. 

Wc  or  Lithie  Acid,-^Thia  acid  is  a  common  constituent  of  urinary  and 
gouty  concretions,  and  is  always  present  in  healthy  urine,  combined  with 
ammonia  or  some  other  alkali.  The  urine  of  birds  of  prey,  such  as  the 
eagle,  and  of  the  boa  comtrictor  and  other  serpents,  consists  almost  solely 
of  urate  of  ammonia,  from  which  pure  uric  acid  may  be  procured  by  a  very 
aimple  process.  For  this  purpose  the  solid  urine  of  the  boa  constriclor  is 
reduced  to  a  line  powder,  and  digested  in  a  solution  of  pure  potassa,  in 
whidi  it  is  readily  dissolved  with  disengagement  of  ammonia.  The  urate 
of  potassa  is  then  decomposed  by  adding  acetic,  hydrochloric,  or  sulphuric 
acid  in  slight  excess,  when  the  uric  acid  is  thrown  down,  and,  after  being 
washed,  is  collected  on  a  filter.  On  its  first  separation  fi-om  the  alkali  it  is 
in  the  form  of  a  gelatinous  hydrate,  but  in  a  short  time  this  conipound  is 
decomposed  spontaneously,  and  the  uric  acid  subsides  in  small  crystals. 

Pure  uric  acid  is  white,  tasteless,  and  inodorous.  It  is  insoluble  in  alco- 
hol, and  is  dissolved  very  sparingly  by  cold  or  hot  water,  requiring  about 
10,000  times  iU  weight  of  that  fluid  at  60^  F.  for  solution.  (Front)  It  red- 
dens litmus  paper,  and  unites  with  alkalies,  forming  salts  which  are  called 
urates  or  litkates.  The  uric  acid  does  not  effervesce  with  alkaline  carbo- 
nates ;  but  Dr.  Thomson  affirms  that  when  boiled  for  some  time  with  carbo- 
nate of  soda^  the  whole  of  the  carbonic  acid  is  expelled.  A  current  of  car- 
bonic acid,  on  the  contrary,  throws  down  the  uric  acid  when  dissolved  by 
potassa.    This  acid  undergoes  no  change  by  exposure  to  the  air. 

Of  the  acids  none  exert  any  peculiar  action  on  the  uric  excepting  nitric 
acid.  When  a  few  drops  of  nitric  acid,  slightly  diluted,  are  mixed  on  a 
watch-glass  with  uric  acid,  and  tho  liquid  is  evaporated  to  dryness,  a  beauti- 
ful^  purple  colour  comes  into  view,  the  tint  of  which  is  improved  by  the  ad- 
dition of  water.  This  character  affords  an  unequivocal  test  of  the  presence 
of  uric  acid.    The  nature  of  the  change  will  be  considered  immediately. 

Uric  acid  b  decomposed  by  chlorine.  Liebig  has  observed,  that  when  dry 
uric  acid  is  heated  with  dry  chlorine,  an  enormous  quantity  of  cyanic  and 
nauriatie  acid  is  generated.  If  the  uric  acid  is  moist,  chlorine  then  gives 
rise  to  the  disengagement  of  carbonic  and  cyanic  acids ;  while  in  solution 
there  remain  hydrochloric  acid,  ammonia,  and  much  oxalic  acid. 

According  to  a  late  analysis  hy  Liebig,  uric  acid  is  thus  constituted  : — 
(An.  (te  Ch.  ct  de  Fh.  Iv.  58.) 

Carbon          .        .        .  36.11  30.6  or        5  eq. 

Hydrogen          .        .        .  2.34  2  2  eq. 

Nitrogen       .  33.36  28.3  2  eq. 

Oxygen     ....  28.19  24  3  eq. 

100.00  84.9  Teq. 

Liebig  has  given  strong  evidence  to  prove  that  the  foregoing  constitution 
is  raofe  correct  than  that  of  Front,  who  found  six  eq.  of  car&n  instead  of 
five.  Crystallized  uric  acid  is  considered  by  moat  chemists  to  be' anhy- 
drous; but  Dr.  Thomson  maintains  that  at  400^  it  loses  precisely  two  equiva- 
lents of  water. 
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The  salts  of  uric  acid  have  been  described  by  Henrj  (Manchester  Me- 
moirs, Tol.  ii.  N.  S.)  The  principal  ones  yet  examined  are  the  urates  of  am- 
monia,  potassa,  and  soda.  Urate  of  ammonia  is  soluble  to  a  considerabk 
extent  in  boiling,  but  more  sparingly  in  oold  water.  The  urates  of  soda  and 
potassa,  if  neutral,  are  of  very  sparing  solubility ;  but  an  excess  of  eiti^r 
alkali  takes  up  a  large  quantity  of  the  acid.  The  former  was  found  by  Wol- 
laston  to  be  the  chief  constituent  of  gouty  concretions. 

When  uric  acid  is  heated  in  a  retort,  carbonate  and  hvdrocyanate  of  am- 
monia are  generated,  and  a  volatile  acid  sublimes,  caUcd  pyro-urie  aeid^ 
whidh  was  formerly  described  by  Henry,  and  has  since  been  studied  by  Cbe- 
vallicr  and  Lassaignc,  Liebig,  and  Wohler.  The  two  latter  chemists  have 
noticed,  that  pyro-uric  is  identical  with  c^anuric  acid  (page  373) ;  and  Wohler 
finds  that  urea,  as  well  as  cyanuric  acid,  is  an  essentiu  product  of  the  de- 
structive distillation  of  uric  acid. 

Purpuric  Acid. — This  compound  was  first  recognized  as  a  distinct  acid 
by  Prout,  and  was  described  df  him  io  the  Philosophical  Transactions  for 
lcl8.  Though  colourless  itself,  it  has  a  remarkable  tendency  to  form  red  or 
purple.colourcd  salts  with  alkaline  bases,  a  character  by  which  it  is  distin- 
guished  from  all  other  substances,  and  to  which  it  owes  the  name  of  pur- 
puric acid,  suggested  by  Wollaston.  Thus  the  purple  residue  above  men- 
tioned, as  indicative  of  the  presence  of  uric  acid,  is  purpurate  of  ammonia, 
which  is  always  generated  when  the  uric  is  decomposed  by  nitric  acid. 

Purpuric  acid  may  be  prepared  by  the  following  process^  (or  the  outline  of 
which  I  am  indebted  to  directions  kindly  given  me  by  Prout.  Let  200  grains 
of  uric  acid,  prepared  from  the  urine  of  the  boa  constrictor,  be  dissolved  ui 
300  grains  of  pure  nitric  acid  diluted  with  an  equal  weight  of  water,  the 
uric  acid  being  added  gradually  in  order  that  the  heat  may  not  be  exoeaaive. 
Effervescence  ensues  afler  each  addition,  nitrous  acid  fbmes  appear,  heat  ti 
evolved,  and  a  colourless  solution  is  formed,  which,  on  standing  in  a  cool 
place  for  some  hours,  yields  colourless  crystals,  which  have  tlie  outline  of  an 
oblique  rhomboidal  prism.  By  gentle  evaporation  an  additional  quantity 
may  be  obtained.  They  contain  nitric  and  purpuric  acid  and  ammonia, 
should  be  dissolved  in  water,  and  be  exactly  neutralized  b^  pure  ammonia; 
and  the  liquid  is  then  digested  in  a  solution  of  potassa,  until  the  ammonia  is 
wholly  expelled.  On  pouring  this  solution  into  dilute  sulphuric  acid,  pur- 
puric acid  is  set  free,  which,  being  insoluble  in  water,  subsides  as  a  granular 
powder,  of  a  white  colour  if  pure,  but  commonly  of  a  ycllowish-white  tint 

Considerable  uncertainly  prevails  as  to  the  nature  of  purpuric  acid.  Vau- 
quelin  denied  that  its  salts  have  a  purple  colour,  altributmg  that  tint  to  some 
impurity,  and  Lassai^ne  is  inclined  to  the  same  opinion  (An.  de  Ch,  et  de 
Ph.  xzii.  334) ;  but  from  the  intense  colour  given  even  by  a  very  minute 
quantity  of  purpuric  acid,  the  opinion  of  Dr.  Prout  appears  to  me  the  more 
probable.  The  composition  of  the  acid  is,  likewise,  unsettled ;  for  Prout 
has  cxpreosed  a  doubt  of  the  accuracy  of  the  analysis  which  he  formerly 
published. 

The  name  of  erythric  acid  (from  f{v6(«/vuv,  to  redden)  was  applied  by 
Brugnatclli  to  a  substance  which  he  procured  by  tlte  action  of  nitric  on  uric 
acid.  It  obviously  contains  purpuric  acid,  and  Prout  thinks  it  probable  that 
it  is  a  supersalt,  consisting  of  purpuric  and  nitric  acids,  and  ammonia,  being 
probably  identical  with  the  crystals  above  mentioned. 

RoBacic  Acid, — This  name  was  applied  by  Proust  to  a  peculiar  acid  sup- 
posed to  exist  in  the  red  matter,  commonly  caUed  by  medical  practitioners 
the  tateritioua  sediment,  which  is  deposited  from  the  urine  in  some  stages  of 
fever.  From  tlie  experiments  of  Vogel  it  appears  to  be  uric  acid,  either 
combined  with  an  alkali,  or  modified  by  the  presence  of  animal  matter. 
Prout  is  of  opinion  that  it  contains  some  purpurate  of  ammonia ;  and,  as  he 
has  detected  the  presence  of  nitric  acid  in  the  urine  from  which  such  sedi- 
ments were  deposited,  he  thinks  it  probable  that  the  purpurate  may  be  gene- 
rated by  the  reaction  of  the  uric  an^  nitric  acids  on  each  other  in  the  uri- 
nary passages. 
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Hippurie  Add, — VnAer  this  name,  derived  from  ivwof  a  horae,  and  w^» 
urine,  JLiebig'  has  described  a  peculiar  compound,  which  is  deposited  from, 
the  urine  of  the  horse  when  it  is  mixed  with  hydrochloric  acid  in  excess. 
The  deposite,  which  is  crystalline  and  of  a  yellowish-brown  tint,  is  boiled 
with  milk  of  lime,  to  which  small  quantities  of  chloride  of  lime  are  added, 
until  the  urinous  odour  ceases.  It  is  then  digested  with  animal  charcoal ; 
and  on  mixing  the  hot  filtered  solution  with  a  taree  excess  of  hydrochloric 
add,  hippurie  acid  is  deposited  in  cooling  in  rather  large  prisms,  two  or  three 
inches  in  length,  and  beautifully  white.  It  exists  in  the  urine  of  most  her- 
bivorous animals  united  with  soda.    (An.  de  Ch.  et  de  Pli.  xliii.  188.) 

Hippurie  acid  is  analogous  in  its  characters  to  benzoic  acid,  and  was  at 
first  supposed  to  be  that  acid  modified  by  the  presence  of  animal  matter; 
but  Liebig  contends  that  it  is  clearly  distinguished  from  benzoic  acid  by  the 
character  of  its  salts,  in  being  less  soluble  in  water,  and  in  containing  nitro-. 
gen.    It  is  composed  of 

Carbon.  Hydrogen.     Nitrogen.         Oxygen. 

InlOOparU    60.76  4.92  7.S  26.5 

In  oquiv.       122.4  or  20  eq.-h9  or  9  eq.+14.15  or  1  eq.+48  or  6  eq. 

Formic  Add, — ^A  sour  liquor  exists  in  ants,  which  they  eject  when  irri- 
tated, and  which  may  be  obtained  in  solution  by  bruising  these  insects  into 
a  pulp  with  water :  the  liquid  was  supposed  by  Fourcroy  and  Vauquelin  to 
contain  acetic  and  malic  acids ;  but  the  experiments  of  Suersen,  Gehlen,  Ber- 
zelius,  and  Dobereiner  have  proved  that  it  is  a  mixture  of  the  malic  with  a 
peculiar  volatile  acid,  distinct  from  acetic  acid,  and  easily  separable  by  dis- 
tillation.  The  peculiar  origin  of  this  compound  has  suggested  for  it  the 
name  of  formic  add,  Dobereiner  has  shown  that  it  is  readily  generated 
artificially  by  distilling  a  mixture  of  1  part  of  tartaric  acid,  IJ  of  peroxide 
of  man^nese,  and  1}  of  sulphuric  acid  diluted  with  abbut  2^  parts  of  water: 
a  capacious  retort  should  be  used,  as  the  materials  froth  up  during  the  pro- 
cess. The  tartaric  acid  receives  oxygen  from  the  manganese,  and  is  resolved 
into  water,  carbonic  acid,  and  formic  acid.  (An.  of  Phil.  N.  S.  iv.  311.)  Lie- 
big  and  Gmelin  have  found  that  several  other  substances,  such  as  sugar, 
starch,  sufar  of  milk,  and  ligneous  fibre,  may  be  substituted  for  tartaric 
acid ;  but  me  formic  acid  is  then  accompanied  by  some  foreign  matter,  which 
may  be  removed  by  neutralizing  with  an  alkali,  and  decomposing  the  formate 
by  sulphuric  acid.  Even  alcohol  may  be  used ;  but  it  must  be  employed  in 
a  dilute  state,  in  order  to  prevent  the  production  of  sulphuric  or  formic  ether. 
Formic  acid,  indeed,  appears  to  be  a  frequent  result  of  chemical  changes,  of 
which  some  examples  were  formerly  mentioned  (pages  269  and  499) ;  and 
hence  it  is  important  to  be  well  acquainted  with  its  composition. 

By  these  processes  formic  acid  is  procured  in  a  very  dilute  state :  it  is 
obtained  with  less  water  by  distilling  a  mixture  of  one  part  of  water,  two  of 
strong  sulphuric  acid,  and  three  of  dry  formate  of  potassa.  But  the  free  acid 
in  its  most  concentrated  form  has  not  less  than  19.6  per  cent  of  water,  and 
a  density  of  1.1168.  Formic  acid  is  a  feeble  acid,  has  a  sour  taste  and  reac- 
tion, and  its  odour  resembles  that  of  acetic  acid,  but  is  attended  with  a  pecu- 
liar pungency.  With  bases  it  forms  crystallizable  salts,  by  the  form  of 
which,  especially  of  the  formates  of  barvta,  strontia,  lime,  and  oxide  of  zinc, 
it  is  completely  distinguished  from  acetic  acid. 

According  to  the  analysis  of  formate  of  oxide  of  lead  by  Berzelius,  the 
equivalent  of  this  acid  is  inferred  to  be  37^ ;  and  it  is  composed  of  12J24 
parts  or  two  equivalents  of  carbon,  1  part  or  one  equivalent  of  hydrogen, 
and  24  parts  or  three  equivalents  of  oxygen.  From  the  ratio  of  these  ele- 
ments, it  is  manifest  that  formic  acid  may  be  considered  a  compound  of  two 
equivalents  of  carbonic  oxide  and  one  equivalent  of  water,  as  expressed  by 
the  formula  2(C-|-0)4-(H4-0) ;  and  it  is  actually  resolved  into  these  com- 
pounds by  being  gently  heated  with  strong  sulphuric  acid,  carbonic  oxide 
ffas  being  disengaged.  Warmed  with  peroxide  of  mercury  H  takes  oxygen 
from  the  metal,  and  is  resolved  into  water  and  carbonic  acid,  the  latter  of 
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which  etcapeg  with  efferratoenoe.  Bj  Umm  ehftnclera  iorniie  wad  is  di*. 
tioffuiahed  firom  other  acids. 

AUanUrie  oeuf.— This  compound,  described  by  BoniTs  and  Vaoqiielin  un- 
der tlie  name  of  amnitiic  aeid^  and  said  to  exist  in  the  Uqiur  ammi  of  the 
oow,  was  found  by  Diondi  to  be  present  solely  in  the  liquor  of  the  allantcis, 
and  to  be  in  fact  the  urine  of  the  ftatoa.  The  mistake  of  the  discoverers  has 
also  bem  corrected  by  Lassaigne.    (An.  de  Ch.  et  de  Fh.  zzxiii.  279.) 

The  allantoic  acid  is  obtained  by  gently  evaporating^  the  liquid  of  the  al- 
lantois  of  the  fcetal  calf,  when  the  acid  is  deposited  in  the  form  of  white 
acieular  crvatals.  It  is  very  sparingly  soluble  in  vrato',  but  yields  with  Uie 
alkalies  soluble  compounds  which  are  decomposed  by  most  of  the  aoiiis. 
According  to  the  analysis  of  Liebig,  Its  elements  are  in  the  ratio  of  five 
equivalents  of  carbon,  four  of  hydrogen,  two  of  nitro^fen,  and  four  of  oxygen. 

Several  other  animal  acids,  such  ss  the  stearic,  oleie,  margaric,  and  otnen, 
should  also  be  mentioned  here ;  but  as  tliey  are  closely  Jlied  to  the  &ttj 
principles  from  which  they  are  derived,  they  will  be  more  convenientlj 
described  in  the  following  section. 


SECTION  III. 

ANIMAL  OILS  AND  FATS. 

Tm  fiitty  principles  derived  from  the  bodies  of  animals  are  very  analo- 
gous in  composition  and  properties  to  the  vegetable  fixed  oils ;  and  in  Britain, 
where  the  latter  are  comparatively  expensive,  the  former  are  employed,  both 
for  the  purpose  of  giving  light,  and  for  the  manufiicture  of  soap^  Their 
ultimate  elements  are  carbwi,  hydrogen,  and  oxygen;  and  most  of  them, 
like  the  fixed  oils,  consist  of  two  or  more  definite  compounds,  such  ss  sCea- 
rine,  margarine,  and  oleine,  in  a  state  of  combination. 

From  a  curious  experiment  of  B^rard  it  appears  that  a  substance  very 
analogous  to  fat  may  be  made  artificially.  On  mixing  together  one  measure 
of  carbonic  acid,  ten  measures  of  carburetted  hydrogen,  and  twenty  of  hy- 
drogen, and  transmitting  the  mixture  through  a  red-hot  tube,  several  white 
crystals  were  obtained,  which  were  insolnUe  in  water,  soluble  in  aleohol, 
and  fusible  bv  heat  into  an  oily  fluid.  (An.  of  Ph.  xii.  41.)  Dobereiner  pre- 
pared  an  analogous  substance  firom  a  mixture  of  coal  gas  and  aqueous  va- 
pour. 

The  annexed  table  shows  the  composition  of  several  animal  Ats,  and  of 
their  products  when  fbrmed^nto  soap.  The  analyses  are  by  Cbevreul,  ex- 
cepting  that  of  stearine  by  Lecann,  of  spermaceti  by  B6rard,  and  of  am- 
bretne  by  Pelletier. 

Garb.      Hyd.        Oxy.  Formule. 

Human  fat  79.000-f.ll.4164.  9.564a  100 

OldnoofhumanJ   78^66+11.447+9587=100 
Ho^d  79i)98+lU46+  9.756«I00 

Oleine  of  hogs,  j   ^^^g  ^.11432+  9.548=100 

Mutton  suet  78.996+11.700+  9.304=100 

Stearine  of  mut.(   78.03+1513    +9.78=100      }C7sH70O7or 
ton  suet  446.76+70       -f-56      =573.76 }  C70H«7Os+CaH>O« 

^silft""*"!    79.354+11.09  + 9.556=  IW 
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Stearic  acid  (an- 
hydroua) 

Margaric  acid 
(anhydrous) 

Oleic  acid  (an- 
hydrous) 

Glycerine 

Cetine 
Spermaceti 

Eihal         T 

Fhocenic  acid 

Cholesterine 
Ambreine 


Garb.       Hyd.        Oxy. 
)    80.1454-12.478-h  7.377=100 
^428.4    +67       4-40       =535.4 
79.053-1-12.01  -f  8.937=100 
428.4    +65       .f48       «541.4 
80.942+11.359+  7.699=100 
428.4    .f58       .f40       =526.4 
^    40.071+  8.925+51.004=100 
;     18.36  +  4       +24       =  46.36 
81.660+12.862+  4.578=  99.1 
79.5    +11.6    +  8.9    =100 
79.766+13.945+  6.289=100 
97.92  +17       +  8       =122.92 
65.00  +  855  +26.75  =100 
eiSi    +  7       +24       =  925 
85.095+11.88  +  3.025=100 
83.37  +13.32  +  3.31  =100 


FormulB^ 

'>  C7oHfl70» 

\  C70H«*O8 

►  C70H««O» 
C8H*0»  or 

;c«H»Oi+ft 

K  Ci8H»70  or 
}  4C*H*+ft. 
j  Cit»H70J 


TVain  Oil. — ^Train  oil  is  obtained  by  means  of  heat  from  the  blubber  of 
the  whale,  and  is  employed  extensively  in  making  oil  gas,  and  for  burning 
in  common  lamps.  It  is  generally  of  a  reddish  or  yellow  colour,  emits  a 
strong  unpleasant  odour,  and  has  a  considerable  degree  of  viscidity,  proper- 
ties which  render  it  unfit  for  being  burned  in  Argand  lamps,  and  which  arc 
owing  partly  to  the  heat  employed  in  its  extraction,  and  partly  to  the  pre- 
sence of  impurities.  By  purification,  indeed,  it  may  be  rendered  more  lim- 
pid, and  its  odour  less  offensive ;  but  it  is  always  inferior  to  spermaceti  oil. 

-Spermaceti  Oil  is  obtained  from  an  oily  matter  lodged  in  a  bony  cavity  in 
the  head  of  the  Pky$eter  maerocephaluB,  or  spermaceti  whale.  On  subject- 
ing this  substance  to  pressure  in  bags,  a  quantity  of  pure  limpid  oil  is  ex- 
pressed ;  and  the  residue,  afler  being  melted,  strained,  and  boiled  with  a 
solution  of  potassa,  is  sold  under  the  name  of  spermaceti.  This  principle  is 
probably  modified  in  the  process  by  which  it  is  purified. 

Animal  Oil  of  Dippel. — This  name  is  applied  to  a  limpid  volatile  oil, 
which  is  entirely  different  from  the  oils  above  mentioned,  and  is  a  product 
of  the  destructive  distillation  of  animal  matter,  especially  of  albuminous 
and  gelatinous  substances.  When  purified  by  distillation,  it  is  clear  and 
transparent  It  was  formerly  much  Qsed  in  medicine,  but  is  now  no  longer 
employed. 

Human  Fat, — This  variety  of  fat  has  a  yellowish  colour,  is  inodorous, 
fuses  at  a  very  gentle  heat,  and  retains  its  fluidity  at  59^ :  that  of  the  loins 
begins  to  solidify  at  77^  and  it  is  quite  solid  at  63°.  It  requires  for  solu- 
tion 40  parts  of  hot  alcohol,  which  in  cooling  depositee  stearine  of  a  peculiar 
kind,  leaving  oletne  in  solution.  When  saponified  it  yields  margaric  and 
oleic  acids  and  glycerine,  but  no  stearic  acid. 

JHbgglard. — This  fat  is  of  a  nearly  white  colour,  and  the  fusing  point  of 
difiTerent  varieties  between  79°  and  88^.  It  probably  contains  both  the 
stearine  and  margarine  besides  oleine.  When  saponified,  it  yields  marga- 
ric, stearic,  and  oleic  acids,  and  glycerine. 

Suet, — This  term  is  applied  to  the  fat  situated  about  the  loins  and  kid- 
neys, which  is  less  fusible  than  the  fat  from  other  parts  of  the  same  ani- 
mal. The  suet  from  the  ox  and  sheep  is  principally  used  :  when  separated 
by  fusion  from  the  membrane  in  which  it  occurs,  it  is  called  tallow,  and  is 
extensively  employed  in  the  manufacture  of  soap  and  candles.  Beef  and 
nratton  suet  resemUe  hogslaid  in  their  constituents  and  in  the  products  of 
saponification.  Beef  suet,  when  fused,  congeals  at  102°,  and  mutton  suet  at 
98P  or  a  few  degrees  higher. 

Stearine, — ^This  compound  is  a  constituent  of  several  animal  fats,  espe- 
cially of  hogalard  and  suet,  the  latter  of  which  oontains  one-fiflh  of  stea- 
rine. It  is  prepared  by  fiising  mutton  suet  in  a  flask,  agitating  with  its 
own  weight  of  ether,  and  when  the  whole  is  cold  separating  the  soluble 
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parti  bv  prafltnre  in  a  cloth  and  in  Inbulocui  paper.  This  process  is  repeated 
until  the  parts  soluble  in  eold  ether  are  reraored.  The  insoluUe  part  ia 
stearine.  It  may  also  be  prepared  by  mixing  essence  of  turpentine  with 
fbsed  mutton  suet,  and  when  the  mass  has  cooled  pressing  out  the  fluid 
parts  by  bibulous  paper :  the  solid  part  left  after  repeated  fusion  with  tur- 
pentine is  stearioe,  which  should  be  purified  by  solution  in  hot  ether  to  re- 
move adherinjT  turpentine. 

Pure  stearine,  as  separated  from  its  ethereal  solution,  and  dried  by  com- 
pression in  bibuloos  paper,  occurs  in  small  white  1)rilliant  lamins,  and  fnses 
at  139^  into  a  mass  like  wax,  but  so  friable  that  it  may  be  reduced  to  pow- 
der. It  dissolves  in  boilin^r  strong  alcohol,  but  separates  on  cooliDg  in  snow- 
white  flakes.  Boiling  ether  disKtlves  it  in  large  proportion,  but  when  cold 
retains  an  li225th  of  its  weight  When  sharply  heated,  it  is  decomposed, 
and  among  other  products  it  yields  stearic  acid.  When  digested  in  pure  po- 
tassa,  it  is  entirely  resolved  into  stearic  acid  and  glycerine,  both  regarded  as 
anhydrous.  This  will  be  obvious  by  the  formulae  of  pages  596  and  597. 
Stearine  may  be  regarded  as  a  compound  of  stearic  acid  and  glycerine,  and 
its  conversion  into  soap  as  the  mere  separation  of  glycerine,  which,  in  the 
act  of  quitUng  the  stearic  acid,  combines  with  one  eq.  of  water.  The  flire- 
gmng  tacts  are  drawn  from  a  late  essay  by  Lecanu.  (An.  de  Ch.  et  de  Ph. 
Iv.  192.) 

Margurine, — ^After  the  stearine  in  the  fi>regoing  process  has  been  depo- 
sited, another  solid  fatty  principle,  which  Lecanu  terms  margarine,  may  be 
obtained  by  allowing  the  etherral  solution  to  evaporate  spontaneously.  To 
ftee  it  from  adhering  ether  and  oleine,  it  should  be  pressed  between  folds 
of  bibulous  paper.  Margarine  is  very  similar  in  its  properties  to  stearine, 
but  is  distinguished  from  it  by  its  greater  fusibility,  its  point  of  fixsion  being 
1171<^,  and  by  iU  ready  solubility  in  cold  ether.  With  an  alkali  it  yiekda 
stearic  acid  and  glyoenne. 

The  solid  matter  of  vegetable  oils  is  not  identical  with  the  stearine  of 
Boet,  as  was  thought  by  Cnevreul,  but  appears  from  the  late  experiments  of 
Lecanu  to  be  more  closely  allied  to  the  margarine  of  suet  It  difiera,  how- 
ever, from  both  by  yielding  margaric  and  oleic,  and  not  stearic,  acid  when 
converted  into  soap. 

Oleine. — ^The  liquid  matter  of  animal  fats,  obtained  by  compression  in 
bibulous  paper,  is  very  similar  to  the  oleine  obtained  in  a  aimilar  manner 
fivm  frozen  vegetable  oils. 

Margaric  am  Oleic  Adds. — When  the  fats  above  mentioned,  or  the  fixed 
vegetable  oils,  are  boiled  with  a  solution  of  potassa  or  soda,  the  elements  of 
the  fat  or  oil  undergo  a  new  arrangement,  whereby,  without  losing  any 
gaseous  subrtance  or  absorbing  any  from  the  air,  they  are  converted  into 
one  or  more  fatty  acids  and  glycerine.  To  this  change  tiie  elements  of  water 
contribute.  The  new  acids  combine  with  the  alkali  and  constitute  soap, 
which  after  due  evaporation  collects  on  the  sur&ce  of  the  water,  while  the 
glycerine  remains  in  solution.  The  acids  which,  in  ordinary  soap,  are  united 
with  potassa  or  soda  as  compounds  soluble  in  water,  form  insoluble  com- 
pounds with  roost  other  metallic  oxides ;  and  hence  it  is  that  solutions  of 
soap  are  precipitated  by  salts  of  lime,  oxide  of  lead,  and  similar  metallic  so* 
Intions.  These  insoluble  soaps  may  be  formed  directly  by  digesting  .oleagi- 
oous  substances  with  water  and  metallic  oxides. 

The  margaric  and  oleic  acids  are  best  prepared  from  soap  made  with  po- 
tassa and  fluid  vegetable  oil.  This  soap,  after  being  well  dried,  is  treated 
by  successive  portions  of  cold  alcohol  of  sp.  gr.  0.891,  in  which  the  oleate  of 
potassa  is  soluble  and  the  margarate  insoluble.  The  two  salts,  thus  sepft* 
rated,  arc  decomposed  by  means  of  an  acid. 

Margaric  acid,  so  named  fK>m  its  pearly  lustre  (from  /u«{y«#iTiir  a  peari) 
is  insoluble  in  water,  and  is  hence  precipitated  by  acids  from  the  soluttoB  of 
its  salts.  It  is  abundantly  dissolved  by  hot  aloohol,  and  is  deposited  fh»n 
the  saturated  solution,  on  cooling,  in  a  crystalline  mass  of  a  pearly  lustra. 
At  14(K>  it  is  fttsed,  and  shooU  into  brilliant  white  aftiookr  crystals  as  it 
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ooob.  It  hu  an  add  reaction,  and  ha  salts,  those  of  the  alkalies  excepted, 
are  Tery  sparingly  soluble  in  water.  The  crystallized  acid  contains  34  per 
cent  of  water,  corresponding  to  two  eq.  of  water,  from  which  U  can  only  be 
separated  by  combining  with  an  alkaline  base. 

Oleic  acid  is  best  prepared  from  soap  made  with  linseed  oil  and  potassa, 
since  the  greater  part  of  it  consists  of  the  oleate  of  that  alkalL  This  salt  is 
first  separated  from  margarate  of  potassa  by  cold  alcohol,  and  the  oleic  acid 
then  precipitated  from  an  aqaeons  solution  of  the  oleate  by  means  of  an 
acid.  At  the  mean  temperature  oleic  acid  is  a  colourless  oily  fluid,  which 
congeals  when  it  is  cooled  to  near  zero.  It  has  a  slightlv  rancid  odour  and 
taste,  and  reddens  litmus  paper.  Its  specific  gravity  is  0.898.  It  is  insolu- 
ble in  water,  but  is  dissolved  in  every  proportion  by  alcohol.  Of  the' neu- 
tral oleates  hitherto  examined,  those  of  soda  and  potassa  are  alone  soluble 
in  water. 

In  its  free  state  It  contains  3.8  per  cent,  corresponding  to  one  equivalent 
of  water,  which  it  loses  in  uniting  with  most  metallic  oxides. 

Stearic  Acid, — ^This  acid  is  best  prepared  by  converting  pure  stearins  into 
soap,  and  decomposing  the  resulting  stearate  with  an  acid.  It  is  very  simi- 
lar in  its  appearance  and  properties  to  mar^aric  acid,  the  principal  distinc- 
tion bein?  a  difference  of  fiisibility,  the  fusing  point  of  stearic  acid  being 
]o8°.  The  crystallized  acid  consists  of  one  eq.  of  anhydrous  stearic  acid 
and  one  eq.  of  water. 

Sebacie  Acid, — Thenard  has  applied  this  name  to  an  acid  which  is  obtain- 
ed by  the  distillation  of  hogslard  or  suet,  and  is  found  in  the  recipient  mixed 
with  acetic  acid  and  fat,  partially  decomposed.  It  is  separated  from  the 
latter  by  means  of  boiling  water,  and  from  the  former  by  acetate  of  oxide 
of  lead.  The  eebacate  of  that  oxide,  which  subsides,  is  subsequentiy  decom- 
posed by  sulphuric  acid. 

Sebacie  acid  reddens  litmus  paper,  dissolves  fi'eely  in  alcohol,  and  is 
more  soluble  in  hot  than  in  cold  water.  It  melts  like  fat  when  heated,  and 
crystallizes  in  small  white  needles  in  cooling.   It  is  not  applied  to  any  use. 

Butyrine, — Butter  differs  from  the  common  animal  fats  in  containing  a 
peculiar  oleaginous  matter,  which  is  quite  fluid  at  70^,  and  1o  which 
Chevreul  has  applied  the  name  of  butyrine.  When  converted  into  soap,  it 
yields,  in  addition  to  the  usual  products,  three  volatile  odoriferous  com- 
pounds, namely,  the  butyric,  eaproie,  and  capric  acids. 

Pkocenine  is  a  peculiar  fatty  substance  contained  in  the  oil  of  the  por- 
poise {Delphmus  phocana)  mixed  with  oleine.  When  converted  into  soap, 
it  yields  a  volatile  odoriferous  acid,  called  the  phocenic  acid,  (Chevreul.) 

Htrctne  is  contained  in  the  fat  of  the  goat  and  sheep,  and  yields  the  hirde 
acid  when  converted  into  soap.  (Chevreul.) 

Other  acids,  more  or  less  analogous  to  those  above  described,  are  formed 
during  the  conversion  of  other  oleaginous  substances  into  soap.  Thus, 
castor  oil  yields  three  acidd,  to  which  Bussy^  and  Lecanu  have  applied  the 
names  of  margarUiC',  rktme,  and  eiaiodic  acid.  The  cevadic  acid  was  pre- 
pared in  a  similar  manner  by  Pelletier  and  Caventou  from  oil  derived  from 
the  seeds  of  the  Veratrum  eahadilla ;  and  the  same  chemists  have  given 
the  name  of  jatropMe  acid  (more  properly  crotonic)  to  the  acid  of  the  soap 
made  fi'om  croton  oil.  This  oil  is  derived  from  the  seeds  of  the  CroUm 
tigiium. 

Cflyeerine^ — ^The  sweet  principle  of  oils,  glycerine  of  Chevreul,  was  dis- 
covered by  Scheele.  It  was  originally  obtained  in  the  formation  of  common 
plaster  by  boiling  oil  with  oxide  of  lead  and  a  little  water;  and  Chevreul 
found  that  it  is  produced  during  the  saponification  of  fatty  substances  in 
general.  In  preparing  soap  1^  means  of  potassa,  the  glycerine  is  left  in  the 
mother  liquor;  and  on  neutralizing  the  free  alkali  with  sulphuric  acid, 
evaporathnpr  to  tho  consistence  of  syrup,  and  treating  the  residue  with  alco- 
hol, it  is  dissolved.  The  alcoholic  solution,  when  evaporated,  yields  glyo». 
rine  in  the  form  of  an  uncrystalUzed  syrup.    It  is  sohiUe  m  water  and 
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alcohol,  and  has  a  tweet  taite,  but  is  not  lusoeptible  either  of  the  Tinoof  or 
acetoui  fermentation. 

SpermaeeH. — This  inflammable  substance,  which  is  prepared  from  the 
spermaceti  whale,  as  above  mentioned,  commonly'  occnn  in  crystalline 
plates  of  a  white  colour  and  silvery  lustre.  It  Lb  brittle,  and  feels  soft  and 
slightly  unctuous  to  the  touch.  It  has  no  taste,  and  scarcely  any  odoar. 
It  is  insoluble  in  water,  but  dissolves  in  about  thirteen  times  its  wei|^fat  of 
boiling  alcohol,  from  which  the  greater  part  is  deposited  on  cooh'ng'  in  the 
form  of  brilliant  scales.  It  is  still  more  soluble  in  ether.  It  is  ezc^ding^ljr 
fusible,  liquefying  at  a  temperature  which  is  distinctly  below  212P. 

The  spermaceti  of  commerce  always  contains  some  fluid  oil,  from  which 
it  may  be  purified  by  solution  in  boiling  alcohol.  To  the  white  crystalline 
scales  deposited  from  the  spirit  as  it  cools,  and  which  is  spermaceti  in  a 
state  of  perfect  purity,  Chevreul  has  »ven  the  name  of  eetine, 

Ethal^^Vfhen  cetme  is  boiled  with  alkalies  it  is  slowly  and  incompletely 
saponified,  since,  in  addition  to  marraric  and  oleic  acid,  a  solid  fatty  princi- 
pie  is  generated,  amounting  to  40.64  per  cent  of  the  eetine  used.  Chevreul 
gave  it  the  name  of  ethal,  firom  the  first  syllable  of  the  words  ether  and 
alcohol,  because  of  its  analogy  to  those  liquids  in  point  of  composition  (page 
597).  Ethal  congeals  after  fusion  at  86^,  and  at  124^  under  water.  It  is 
soluble  in  every  proportion  in  strong  alcohol  at  130^,  and  may  be  distilled 
without  change. 

Adipoeire, — When  a  piece  of  fresh  muscle  is  exposed  for  some  time  to 
tlie  action  of  water,  or  is  kept  in  moist  earth,  the  fibrin  entirely  disappears, 
and  a  fatty  matter  called  adipoeire  remains,  which  has  some  resemblance  to 
spermaceti.  The  fibrin  was  formerly  thought  to  be  really  converted  into 
adipoeire ;  but  GayXussac*  and  Chevreul  maintain  that  this  substance  pro- 
ceeds entirely  from  the  fat  originally  present  in  the  muscle,  and  that  the 
fibrin  is  merely  destroyed  bv  putrefiiction.  Dr.  Thomson  maintains,  how. 
ever,  that  the  conversion  of  fibrin  into  fat  does  occur  in  some  instances,  and 
has  related  a  remarkable  case  in  proof  of  his  opinion.  (An.  of  Phil.  voL  xiL 
p.  41.)  According  to  M.  Chevreul,  the  adipoeire  is-  not  a  pure  fatty  prind- 
pie,  but  a  species  of  soap,  chiefly  consisting  of  margaric  acid  in  combination 
with  ammonia  generated  during  the  decomposition  of  the  fibrin. 

ChoUgterineA — This  name  is  applied  bv  Chevreul  to  the  crystalline  mat- 
ter  which  constitutes  the  basis  of  most  of  the  biliary  concretions  formed  in 
the  human  subject  Fourcroy,  regarding  it  as  identical  with  spermaceti 
and  the  fatty  matter  just  described,  comprehended  all  these  circumstances 
under  the  general  appellation  of  adipoeire;  but  Chevreul  baa  shown  that  it 
is  an  independent  principle,  wholly  different  fi-om  spermaceti. 

Cholesterine  is  a  white  brittle  solid  of  a  crystalline  lamellated  structure 
and  brilliant  lustre,  very  much  resembling  spermaceti ;  but  it  is  distinguish- 
ed from  that  substence  by  requiring  a  temperature  of  278^  for  fusion,  and 
by  not  being  convertible  into  soap  when  digested  in  a  solution  of  potassa. 
It  is  free  from  taste  and  odour,  and  is  insoluble  in  water.  It  dissolves  freely 
in  boiling  alcohol,  from  which  it  is  deposited  on  cooling  in  white  pearly 
scales. 

When  heated  with  ite  own  weight  of  concentrated  nitric  acid,  cholesterine 
is  dissolved  withdisenga^ment  of  nitric  oxide  gas;  and  in  cooling  a  yellow 
matter  subsides,  an  additional  quantity  of  which  may  be  obtained  by  dilation 
with  water.  This  substance  possesses  the  properties  of  acidity,  and  is  called 
eholuUrie  acid.  It  is  insoluble  in  water,  but  dissolves  freely  in  alcohol, 
especially  with  the  aid  of  heat  Ite  taste  is  slightly  styptie,  and  ite  odour 
somewhat  like  that  of  butter;  it  is  lighter  than  water,  and  fusible  at  136^<^  F. 
In  mass  it  is  of  an  orange-^eUow  tint;  but  when  the  alcoholic  solution  is 
evaporated  spontaneously,  it  is  deposited  in  acicular  crystals  of  a  white 
colour.    It  reddens  litmus  paper,  and  neutralizes  alkaline  bases.    The 

•  An.  de  Ch.  et  de  Ph.  vol.  iv.        t  From  ;t«A«  Wfe,  and  rrt^iot  96Ud. 
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choleiterates  of  potassa  and  soda  are  deliquescent  and  very  soluble  in  water, 
but  insoluble  in  alcohol  and  ether.  The  cholesterates  of  the  earths  and 
other  metallic  oxides  are  either  sparingly  dissolved  by  water  or  altogether 
insoluble.  Its  salts  are  precipitated  by  the  mineral  and  most  of  the  vegeta- 
ble acids;  but  are  not  decomposed  by  carbonic  acid.  For  these  facts  re- 
specting the  formation  and  properties  of  cholesteric  acid,  we  are  indebted 
to  the  experiments  of  Pelletier  and  Caventou.  (Journal  de  Pharmacie, 
iii.  292.) 

Cholesterine  has  been  detected  in  the  bile  of  man,  and  of  several  of  the 
lower  animals,  such  as  the  ox,  do^j  pig,  and  bear.  This  interesting  disco- 
very was  made  about  the  same  time  by  Chevreul  in  Paris,  and  by  Tiede- 
mann  and  Gmelin  in  Heidelberg.  Lassaigne  has  likewise  found  it  in  the 
biliary  calculus  of  a  pig.  (An.  de  Ch.  et  de  Ph.  xxxi.)  It  is  frequently 
formed  in  parts  of  the  l^y  quite  unconnected  witli  the  hepatic  circulation, 
and  appears  to  be  a  common  product  of  deranged  vascular  action.  Caventou, 
in  tlie  Journal  de  Pharmacie  for  October  1825,  states  that  the  contents  of  an 
abscess,  formed  under  the  jaw,  apparently  in  consequence  of  a  carious 
tooth,  were  found  by  him  to  consist  almost  entirely  of  cholesterine.  In  the 
article  Caleul  of  the  Nouveau  Diciionnaire  de  Medecine,  M.  Breschet  oh- 
serves  that  cholesterine  has  been  found  in  cancer  of  the  intestines,  and  in 
the  fluid  of  hydrocele  and  ascites  in  the  human  subject;  and  he  adds  that 
M.  fiarruel  procured  it  in  large  quantity  from  an  ovarian  cyst  in  a  mare, 
and  in  the  fluid  drawn  ofi*  from  the  ovary  of  a  woman,  and  scrotum  of  a 
man.  Breschet  has  found  it  also  in  a  tumour  under  the  tongue.  Dr.  Chris- 
tison  found  it  in  the  fluid  of  hydrocele,  taken  from  a  patient  in  the  Royal 
Infirmary  of  Edinburgh  by  the  late  Dr.  William  Cullen;  in  an  osseous  cyst, 
into  which  the  kidneys  of  another  patient  were  converted;  and  in  the  mem- 
branes of  the  brain  of  an  epileptic  patient  Reichenbach  has  detected  it  in 
animal  tar,  whence  it  would  seem  to  be  a  product  of  the  destructive  distilla- 
tion of  animal  nuitter. 

The  best  method  of  preparing  pure  cholesterine  is  to  treat  human  biliary 
concretions,  reduced  to  powder,  with  boiling  alcohol,  and  to  filter  the  hot  so- 
lution as  rapidly  as  possible.  As  the  liquid  cools,  the  greater  part  of  the 
cholesterine  subsides.  In  this  way  it  is  freed  from  the  colourmg  matter 
with  which  it  is  commonly  associated  in  the  gall-stone. 

Ambergris. — ^This  substance  is  found  floating  on  the  surface  of  the  sea 
near  the  coasts  of  India,  Africa,  and  Brazil,  and  is  supposed  to  be  a  concre- 
tion formed  in  the  stomach  of  the  spermaceti  whale.  It  has  commonly  been 
regarded  as  a  resinous  principle;  but  its  chief  constituent  is  a  substance 
very  analogous  to  cholesterine,  and  to  which  Pelletier  and  Caventou  have 
given  the  name  of  amhreine.  By  digestion'  in  nitric  acid,  ambreine  is  con- 
verted into  a  peculiar  acid  called  the  amhreie  acid,    (An.  of  Phil.  vol.  xvi.) 


MORE  COMPLEX  ANIMAL   SUBSTANCES,  AND  SOME 
FUNCTIONS  OP  ANIMAL  BODIES- 
SECTION  I. 
BLOOD,  RESPIRATION,  AND  ANIMAL  HEAT. 
Bhod. 

Tm  blood  is  distinguished  from  other  animal  fluids  by  its  colour,  which 
is  a  florid  red  in  the  arteries  and  of  a  dark  purple  tint  in  the  veins.  Its  taste 
is  slightly  saline,  its  odour  peculiar,  and  to  the  touch  it  seems  somewhat 
unctuous.  Its  specific  gravity  is  variable,  but  most  commonly  it  is  near 
1.05;  and  in  man  its  temperature  is  about  98^  or  lOQo  F.    While  flowing 
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in  its  veamHay  or  when  recently  drawn,  it  appears  to  the  naked  eye  as  a  nni* 
fbrm  homojreneouB  liqaid;  but  if  examined  with  a  microscope  of  snflficieot 
power,  numeroas  red  particles  of  a  globular  form  are  seen  floating  in  a  nearly 
colourless  fluid.  Hence  the  blood,  while  circulatingr,  is  nlechanically  distin- 
guishable into  two  parts,  one  essentially  liquid,  which  may  be  called  liquor 
§anguini8^  and  the  other  essentially  solid,  which  is  merely  suspended  in  the 
former,  and  imparts  its  red  colour  to  the  mixture. 

Both  of  these  constituents  of  the  blood  are  complex  substances.  The  red 
globules,  discovered  by  Leuwenboeck  and  carefully  examined  by  Heweon, 
were  observed  by  the  late  Dr.  Young  to  consist  of  two  parts,  a  coloorless 
globule  insoluble  in  water,  and  a  red  colouring  matter  soluble  in  that  men- 
struum. The  observations  of  Mr.  Bauer,  coinciding  with  those  of  Yonng, 
led  to  the  belief  that  the  entire  red  globule  consists  of  a  central  smaller  glo- 
bule of  fibrin,  which  is  surrounded  with  a  pellicle  or  film  of  colouring  mat* 
ter :  the  coloured  globules  manifest  no  tendency  to  cohere;  but  tbe  nuclei  of 
fibrin,  when  deprived  of  their  colouring  envelope,  which  they  soon  lose  aAer 
the  blood  is  drawn,  adhere  together  with  great  facility.  (Phil.  Trans.  1818, 
p.  172.)  These  remarks  have  been  corroborated  by  Prevost  and  Dumas,  who 
extended  their  researches  to  the  blood  of  various  animals ;  and  they  further 
observed  that  in  birds  and  tbe  cold-blooded  tribes  the  globules  are  elliptical, 
while  they  are  spherical  in  mammiferous  animals. 

The  liquor  saniruinig,  considered  by  some  as  serum,  has  been  shown  by 
Dr.  Benjamin  Babington,  in  a  short  essay  replete  with  sound  observation,  to 
be  very  similar  to  chyle,  and  to  consist  of  fibrin,  held  in  solution,  along  with 
albuminous,  oleaginous,  and  saline  matter,  by  the  water  of  the  blood,  when 
set  at  rest  the  liquor  sanguinio  coagulates,  yielding  a  uniform  jelly  of  pre> 
ciscly  the  same  volume  as  when  it  was  liquid,  and  possessing  the  exact  figure 
of  the  containing  vessel;  and  in  a  short  time,  by  tbe  contraction  of  the  mass 
of  coagulated  fibrin,  a  yellowish  liquid  appears,  which  is  tbe  9erum  of  the 
blood.  The  fnleroscopical  observations  of  Mr.  Bauer,  cited  by  the  late  Sir 
E.  Home  in  the  Croonian  lecture  for  1818  (Phil.  Trans.  1819,  p.  i.),  prove 
that,  during  this  process,  numerous  globules,  smaller  than  tlie  colourless  nuclei 
of  the  red  globules,  are  generated,  and  give  rise  to  coagulation  by  mutual 
adhesion.  Though  the  production  of  these  globules  is  most  abundant  soon 
alter  the  blood  is  drawn,  yet  their  developement  continues  for  several  days; 
Mr.  Bauer  observed  them  to  appear  in  the  clear  serum  of  a  sheep  8  or  10 
days  afler  removal  from  the  animal ;  and  Mr.  Faraday  made  the  same  obser- 
vation with  the  serum  of  human  blood. 

It  is  the  liquor  sanguinis,  thus  shown  to  be  spontaneously  separable  into 
fibrin  and  scrum,  which  forms  a  yellowish  liquid  stratum  at  the  surface  of 
blood  recently  drawn  from  pcr.soQs  in  acute  rheumatism  or  other  inflamma- 
tory  fevers.  In  such  affections  tbe  liquor  sanguinis,  from  causes  not  at  all 
understood,  generally  coagulates  with  unusual  slowness,  so  that  the  heavier 
red  globules  have  time  to  subside  to  an  appreciable  extent,  leaving  an  upper 
stratum  of  nearly  colourless  fluid,  which  by  the  cautious  use  of  a  spoon  may 
be  removed  and  collected  in  a  separate  vessel.  The  buffy  coat  of  such  Uood 
is  the  pure  fibrin  separated  by  coagulation  from  the  liquor  sanguinis.  Tlie 
eoagulafde  lymph  of  Surgeons,  which  is  thrown  out  on  cut  surfaces,  appears 
to  be  the  liquor  sanguinis ;  and  this  fluid  is  also  not  unfreqoently  exhaled  in 
dropsies,  when  the  fibrin  either  constitutes  a  gelatinous  deposite,  or  appears 
as  white  flakes  floating  in  the  serous  fluid.  It  is  poured  out  by  the  intes- 
tines during  an  attack  of  cholera,  the  rice-water  fluid  characteristic  of  Uimt 
disease  consisting  of  a  saline  and  albuminous  solution,  in  which  numerous 
shreds  of  fibrin  are  suspended. 

When  blood  drawn  from  a  healthy  person  is  set  at  rest,  it  speedily  coag-u- 
lates,  and  is  found  after  a  few  hours  to  have  separated  itself  into  two  parts, 
one  the  serum  identical  with  that  obtained  from  the  liquor  sanguinis,  and  the 
other  a  uniformly  red  cosgulum  called  the  clot,  cruor,  or  cmssamentum^ 
The  uniform  redness  of  the  clot  is  owing  to  the  fibrin  coagulating  before  the 
red  globules  have  had  time  to  subside.    It  contains  the  colouring  matter  of 
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the  Uood,  togoUier  with  all  the  fibrin,  except  traces  held  in  solution  in  the 
serum,  as  wcU  that  which  had  formed  part  of  the  liquor  sanguinis,  as  the 
fibrinous  nuclei  of  the  red  globules.  The  ratio  of  the  clot  and  serum  is  very 
variable,  and  by  no  means  represents  the  quantity  of  fibrin  or  colouring  mat- 
ter contained  in  the  blood.  Dr.  B.  Babington  has  shown,  in  the  essay  already 
referred  to,  that  the  ratio  materially  depends  on  the  figure  of  the  containing 
vessel : — two  portions  of  blood  were  drawn  from  the  same  person,  one  being 
received  and  allowed  to  coagulate  in  a  pear-shaped  bottle,  and  the  other  in  a 
pint  basin ;  and  the  ratio  of  serum  to  clot  was  as  1000  to  1392  in  the  former, 
and  as  1000  to  1717  in  the  latter.  In  fact,  when  a  mass  of  coagulating  blood 
is  contained  in  a  spherical  vessel,  the  particles  of  fibrin  being  little  removed 
from  a  common  centre  are  more  powerfully  attracted  towards  each  other, 
yield  a  denser  clot,  and  squeeze  out  more  serum,  than  when  the  coagulation 
takes  place  in  a  shallow  wide  basin,  where  the  particles  are  spread  over  a 
large  surface.  The  clot  of  the  former  is  compact  and  small ;  while  that  of 
the  latter,  being  spongy,  and  hence  retaining  much  serum  within  it,  is  large 
and  abundant,  though  the  actual  quantity  of  solid  matter  is  the  same  in  boui. 
The  following  table  exhibits  thi  results  of  two  careful  analyses  of  the  blood 
by  Lecanu :— (An.  do  Ch.  et  de  Ph.  xlviii.  308.) 

Water 

Fibrin  ..... 

Colouring  matter       .... 
Albumen       .  .        •    . 

Crystalline  fiitty  matter 
Oily  matter  .... 

Extractive  matter  soluble  in  water  and  alcohol 
Albumen  combined  with  soda 
Chloride  of  sodium  . 


780.145 

785.590 

2.100 

3.565 

133.000 

119.626 

65.090 

69.415 

2.430 

4.300 

UIO 

2.270 

1.790 

1.920 

ISiSS 

2.010 

• potassium 

Carbonates  1  >        8.370  7.304 

Phosphates  >  of  potassa  and  soda 

Sulphates    ) 

Carbonates  of  lime  and  magnesia     . 

Phosphates  of  lime,  magnesia,  and  iron      >         2.100  1.414 

Peroxide  of  iron        .  .  .  \ 

Loss 2.400  2.586 


1000.000      1000.000 

The  earthy  salts  were  obtained  by  incinerating  the  albumen,  and  tlie 
trace  of  iron  was  obviously  derived  from  a  little  colouring  matter  of  the 
blood.  Fatty  matter  appears  to  be  always  present  in  serum,  having  been 
found  by  Dr.  B.  Babington  as  well  as  by  Lecanu :  the  former  obtained  it  by 
agitating  scrum  repeatedly  but  gently  with  ether,  which  took  up  the  fatty 
substance,  and  lefl  it  by  evaporation  ;  while  the  latter  mixed  the  serum  with 
alcohol,  and  dissolved  the  fatty  principles  from  the  alcoholic  extract  by 
means  of  ether.  The  oily  matter  of  the  serum  is  very  soluble  in  ether  and 
cold  alcohol,  is  liquid  at  common  temperatures,  and  is  readily  converted  into 
soap  by  potassa.  The  crystalline  fatty  matter  is  similar  in  appearance  to 
cholesterine,  resists  the  action  of  potassa,  and  is  soluble  in  ether  and  boiling 
alcohol :  it  appears  to  contain  nitrogen  as  one  of  its  elements. 

The  relative  proportion  of  the  ingredients  of  the  blood  must  necessarily 
vary  independent  of  disease  even  in  the  same  individual,  according  as  the 
nutrition  is  scanty  or  abundant.  According  to  Lecanu  slight  variations  arise 
from  di£Eerence  of  age  and  sex,  and  the  following  oomparati ve  view  is  the  mean 
of  hia  amlysia  made  with  blood  drawn  from  ten  women  and  from  ten  men. 
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Water 

Albumen 

Saline  and  exiractiye  matter 

Red  globules 

Female. 

.        80437 

69.73 

9.95 

.    n5S6 

Male. 

789-32 
67.50 
10.69 

132.49 

1000.00  1000.00 

In  addition  to  the  constituents  of  the  blood  already  enumerated,  M.  Bfar- 
ruel  declares  that  this  fluid  contains  a  voUtile  principle^  peculiar  to  etich 
species  of  animal.  This  principle  has  an  odour  resembling  that  of  the  cu- 
taneous or  pulmonary  exhalation  of  the  animal,  and  senres  as  a  distinctive 
character  by  which  the  blood  of  different  animals  may  be  recogniied.  It  is 
dissolved  in  the  blood,  and  its  odour  may  be  perceived  when  the  blood  or  its 
serum  is  mixed  with  strong  sulphuric  acid.  The  odour  is  commonly 
stronger  in  the  male  than  in  the  female.  In  man  it  resembles  the  human 
perspiration ;  in  the  ox,  it  smells  like  oxen  or  a  cow-house ;  and  the  odour 
from  horses*  blood  is  similar  to  that  of  their  perspiration.  XJoum.  of  Science, 
vi.  N.  S.  187.)  Should  the  accuracy  of  these  obserrations  be  confirmed,  they 
may  be  advantageously  applied  in  some  cases  of  legal  medicine. 

Minute  portions  of  alumina,  silica,  and  manganese  have  been  detected  in 
the  blood,  and  Dr.  O^Shaughnessy  confirms  Uie  statement  of  M.  Sarzeau 
that  a*  trace  of  copper  may  likewise  be  found ;  but  the  extremely  minute 
quantity  in  which  those  substances  occur,  renders  it  doubtful  whether  they 
really  exist  in  the  blood,  or  are  casually  introduced  in  the  course  of  ana- 
lysis. Dr.  Clanny  reports  the  existence  of  a  large  quantity  of  free  carbon 
in  the  blood ;  but  I  am  not  aware  that  the  statement  is  borne  out  by  experi- 
ment, and  it  is  entirely  opposed  to  the  observation  of  other  chemists.  Of 
the  presence  of  free  carbonic  acid  in  the  blood,  I  shall  have  occasion  to 
speak  while  discussing  the  subject  of  respiration. 

Serum  of  the  Biood. — ^This  liquid,  which  separates  during  the  coagulation 
of  the  blood,  has  a  yellowish  colour,  is  transparent  when  carefully  collected, 
has  a  slightly  saline  taste,  and  is  somewhat  unctuous  to  the  touch.  Its 
average  specific  gravity  is  about  1.029.  It  has  a  alight  alkaline  reaction 
with  test  paper,  owing  to  the  presence  of  soda,  which  some  chemists  believe 
to  be  combined  with  carbonic  acid,  and  others  with  albumen:  the  last 
opinion  is  the  more  probable,  since  serum,  when  agitated  with  carbonic 
acid,  absorbs  that  gas  in  considerable  quantity.  Like  other  albuminous 
liouids,  it  is  coagidated  by  heat,  acids,  alcohol,  and  all  other  substances 
wnich  coagulate  albumen.  On  subjecting  the  coagulum  prepared  by  heal 
to  gentle  pressure,  a  small  quantity  of  a  colourless  limpid  fluid,  called  the 
serost/y,  oozes  out,  which  contains,  according  to  Dr.  Bostock,  about  1.50th 
of  its  weight  of  animal  matter,  together  with  a  little  chloride  of  sodium.  Of 
this  animal  matter  a  portion  is  albumen,  which  may  easily  be  coagulated  by 
means  of  galvanism ;  but  a  small  quantity  of  some  other  principle  is  present, 
which  differs  both  from  albumen  and  gelatin.    (Medico-Chir.  Trans,  ii.  166.) 

The  composition  of  the  serum,  according  to  the  late  analysis  of  Lecano, 
may  be  seen  from  his  analysis  of  the  blood,  abstracting  the  colouring  mat> 
ter  and  fibrin  which  are  foreign  to  it  (page  603).  The  late  Dr.  Maroet 
found  that  1000  parts  of  the  serum  of  human  blood  are  composed  of  water 
900  parts,  albumen  86.8,  muriate  of  potassa  and  soda  6.6,  muco-extractive 
matter  4,  carbonate  of  soda  1.65,  sulphate  of  potassa  0.35,  and  of  earthy 
phosphates  0.60.  Tliis  result  agrees  very  nearly  with  that  obtained  by  Ber- 
zelius,  who  states  that  the  extractive  matter  of  Marcet  is  Uctate  of  soda 
united  with  animal  matter.  (Medico-Chir.  Trans,  iii.  231.) 

Colouring  Matter  of  the  Blood. — This  substance,  to  which  the  term  hema- 
lotine  is  now  applied,  is  so  analo^us  in  most  of  its  chemical  relations  to 
albumen,  that  its  complete  separation  from  it  is  attended  with  great  difficulty. 
It  is  obtained  nearly  pure  by  cutting  the  clot  of  blood  into  very  thin  slices 
with  a  sharp  knife,  as  advised  by  fierzelius,  soaking  them  repeatedly  in  dis- 
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tilted  water,  and  letting  them  drain  on  bibuloofi  paper  afler  each  immerrion : 
the  slices  are  then  broken  up  in  distilled  water  with  a  stick,  briskly  stirring 
in  order  to  dissolve  the  colouring  matter ;  and  the  filtered  solution  is  evapo- 
rated to  dryness  in  shallow  capsules  or  dishes  at  a  tcmpcratare  of  80®  or 
too®  F.  As  thus  prepared  tho  colouring  matter,  or  heraatosine,  is  soluble 
and  possessed  of  all  its  characters ;  but  it  retains  a  little  seram.  It  may  bo 
stiil  farther  purified  by  the  method  of  Eogelbart,  which  is  founded  on  the 
fact  that  hematosine  is  more  coagulable  by  heat  than  albumen :  serum  di- 
luted  with  ten  parts  of  water  dovs  not  coagulate  at  160°;  whereas  heraa- 
toeinci  dissolved  in  fifty  parts  of  water,  begins  to  coagulate  at  149<3,  and  is 
thrown  down  in  insoluble  flocks  of  a  brown  colour.  Unfortunately,  how- 
ever, its  characters  are  changed  by  this  operation,  uncoagulated  and  coagu- 
lated hematosine  bearing  the  same  relation  to  each  other  as  soluble  and 
insoluble  albumen.  For  tlie  purpose  of  ultimate  analysis  the  pure  insolu- 
ble hematosine  should  be  employed;  but  for  examining  the  properties  of 
hematosine^  its  less  pure  but  soluble  state  is  preferable. 

Soluble  hematosine,  when  quite  dry,  is  black,  with  a  lustre  like  jet  in 
mass  and  red  in  powder  or  in  tliin  layers,  is  insipid  to  the  taste,  and  modo« 
rous.  In  cold  water  it  readily  dissolves,  forming  a  red  liquid,  which  may  be 
preserved  without  change  for  months.  Its  solution,  like  that  of  albumen, 
may  be  coagulated  by  heat  as  already  mentioned;  but  when  quite  dry  it 
may  be  heated  to  312°  without  being  rendered  insoluble.  Alcohol  and  acids 
likewise  precipitate  it :  the  latter  deepen  its  tint,  and  fall  in  combination 
with  it;  but  the  compounds  of  hematosine  with  the  muriatic,  sulphuric,  and 
acetic  acid  may  be  dissolved  in  water  by  means  of  an  excess  of  their  acid. 
The  alkalies  do  not  precipitate  the  aqueous  solution  of  hematosine ;  but  its 
solution  in  hydrochloric  acid  yields  red  flocks  on  the  addition  of  ammonia. 
With  some  of  the  metallic  oxides  it  forms  insoluble  compounds,  especially 
with  the  oxides  of  tin  and  mercury ;  and  hence  the  salts  of  these  metals 
precipitate  h«^matosine.  In  most  of  these  properties,  colour  excepted,  it  re- 
sembles albumen ;  but  Lecanu  has  indicated  two  pointed  differences : — 1.  a 
solution  of  hematosine  is  not  precipitated  by  the  acetate  or  subacetate  of 
oxide  of  lead,  while  both  of  these  salts  throw  down  albumen  ;  2.  tlie  pre- 
cipitate  occasioned  by  hvdrochloric  acid,  when  pressed  between  folds  of  lineu 
to  remove  adhering  acid  and  well  dried,  is  soluble  in  strong  boiling  alcohol, 
whereas  the  corresponding  compound  of  albumen  and  hydrochloric  acid  is 
quite  insoluble.  By  this  character  Lecanu  found  that  hematosine,  carefully 
prepared  from  human  blood,  contains  very  little  albumen ;  but  that  the  co- 
louring matter  of  blood  from  the  ox  and  sheep  appears  to  be  a  compound,  in 
nearly  equal  parts,  of  hematosine  and  albumen.  (An.dc  Ch.  et  de  Ph.zlv.  5.) 

Hematosine,  according  to  the  analysis  of  Michaelis,  consists  of  carbon, 
hydrogen,  nitrogen*,  and  oxygen,  very  nearly  in  the  same  ratio  as  in  fibrin 
and  albumen ;  hut  it  diflfbrs  from  both  in  containing  iron.  This  was  an- 
nounced  in  1606  by  Berzelius  in  his  comparative  examination  of  tlie  ingre- 
dients of  the  blood  (Medico-Chir.  Trans,  iii.  213) :  from  the  albumen  and 
fibrin  he  could  obtain  no  jron ;  but  100  parts  of  hematosine,  when  burned  in 
the  open  air,  lefl  1.25  of  ashes,  containing  0.625  of  oxide  of  iron,  and  O.b^ 
of  a  mixture  of  carbonate  and  phosphate  of  lime,  phosphate  of  magnesia, 
and  subphosphate  of  oxide  of  iron.  He  was  unable  to  detect  the  presence  of 
iron  by  any  of  the  liquid  tests.  These  facts,  though  questioned  by  other 
chemists,  were  fully  established  by  Dr.  Engelhart,  who  gained  the  prize 
oiFered  in  the  year  1825  by  the  Medical  Faculty  of  Gottingtin  for  the  best 
Essay  on  the  nature  of  the  colouring  matter  of  the  blood  (Edinb.  Med.  and 
Surg.  Journ.  for  January,  1827).  He  demonstrated  that  the  fibrin  and  albu- 
men of  the  blood,  when  carefully  separated  from  colouring  particles,  do  not 
contain  a  trace  of  iron  ;  and,  on  the  contrary,  he  procured  iron  from  the  red 
globules  by  incineration.  But  be  likewise  succeeded  in  proving  the  exist- 
ence'of  iron  in  the  colouring  matter  of 'the  blood  by  the  liquid  tests  j  for,  on 
transmitting  a  current  of  chlorine  gas  through  a  solution  of  the  red  glo- 
boles,  the  coloor  entirely  disappeared,  white  flocks  were  thrown  down,  and 
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a  transpareot  Bolution  remained^in  whidi  peroxide  of  iron  was  diaoo?ered  by 
all  the  usual  rea^nti.  The  results  obtained  by  Dr.  Engelhart,  relative  to 
the  quantity  of  the  iron»  correspond  with  those  of  Berzelius.  These  facts 
have  been  since  confirmed  by  Rose^  who  has  accounted  in  a  satisfactory 
manner  for  the  failure  of  former  chemists  in  detecting  iron  in  the  hlooa 
while  in  a  fluid  state.  He  finds  that  oxide  of  iron  cannot  be  precipitated  by 
the  alkalies,  hydrosulphuret  of  ammonia,  or  infusion  of  galls,  if  it  is  dissolved 
in  a  solution  which  contains  albumen  or  other  soluble  organic  principles. 

From  the  presence  of  iron  in  hematosine,  and  its  total  absence  in  the  other 
principles  of  the  blood,  chemists  were  induced  to  suspect  that  its  peculiar 
colour  was  in  some  way  or  other  produced  by  that  metal,  an  idea  which  re- 
ceived additional  support  from  the  known  tendency  of  peroxide  of  iron  to 
form  salts  of  a  red  colour.  But  this  view,  though  plausible  on  these  grounds, 
is  in  other  respects  improbable.  The  real  state  in  which  iron  exists  in  the 
blood  is  quite  unknown,  and  its  minute  proportion  seems  unequal  to  produce 
so  intense  a  colour  as  that  of  the  blood.  The  only  probable  mode  of  explain- 
ing  the  diversity  of  tints  which  agents  of  different  kinds  produce  in  the 
blood,  is  to  adopt  the  opinion  aUy  maintained  by  Mr.  Brande,  who  supposes 
that  the  tint  of  hematosioe  is  owing  to  a  peculiar  animal  colouring  principle, 
capable  like  cochineal  or  madder  of  acting  as  a  dye,  and  of  combining  with 
metallic  oxides.  He  succeeded  in  obtaining  a  compound  with  hematosine 
and  oxide  of  tin ;  bat  it  yields  the  finest  lakes  with  nitrate  of  peroxide  of 
mercury  and  corrosive  sublimate.  Woollen  cloths  impreernated  with  either 
of  these  compounds,  and  immersed  in  an  aqueous  solution  of  hematoeine, 
acquired  a  permanent  red  dye,  unchangeable  by  washing  with  soap.  (PhiL 
Trans.  1812.) 

l^ris  of  Ute  fi/ood.-^Fibrin  appears  to  exist  in  the  blood  in  two  states,  as 
already  mentioned  }^as  the  central  nuclei  of  the  red  globules,  and  in  solu- 
tion in  the  serum.  The  fibrin  from  botli  sources  is  obtained  by  beating  up 
the  clot  of  blood  with  successive  portions  of  water,  so  as  to  dissolve  all  the 
serum  and  colouring  matter,  leaving  the  insoluble  fibrin  quite  white ;  but 
the  best  mode  of  separation  is  to  stir  recently  drawn  blood  with  a  stick 
during  coagulation,  when  the  fibrin  adheres  to  it  in  strings,  which  are  easily 
rendered  colourless  by  washing. 

Coagulation  of  the  Bloods — This  phenomenon  is  occasioned  by  the  agglu- 
tination of  the  fibrin  of  the  blood,. — both  of  the  nuclei  of  Uie  red  globiHes, 
afler  they  have  lost  tlieir  colouring  envelope,  and  of  that  part  which  is  in 
solution.  The  time  required  for  coagulation  is  influenced  by  temperature, 
beinfir  promoted  by  heat„  and  retarded  by  col<|.  Sir  C.  Scudamore  finds  that 
blood  which  begins  to  coagulate  in  four  minutes  and  a  half  in  an  atmosphere 
of  53^,  undergoes  the  same  change  in  two  minutes  and  a  half  at  98° ;  and 
that  which  coagulates  in  four  minutes  at  98°  will  become  solid  in  one  minute 
at  120°.  On  tlie  contrary,  blood  which  coagulates  firmly  in  five  minutes  at 
60°  will  remain  quite  fluid  for  twenty  minutes  at  the  Umperature  of  40°, 
and  requires  upwards  of  an  hour  for  complete  coaflrulatk>n.  (Scudamore  on 
Ihc  Blood.) 

The  process  of  coagulation  is  influenced  by  exposure  to  the  air.  If  atmo- 
spheric air  be  excluded,  as  by  filling  a  bottle  completely  with  recently  dravra 
blood,  and  dosing  the  orifice  with  a  good  stopper,  coagulation  is  retarded. 
It  is  singular,  however,  that  if  blood  be  confined  within  the  exliausted  re- 
ceiver of  an  air-pump,  the  coagulation  is  accelerated.  (Scudamore.) 

^  Recently  drawn  blood,  owing  doubtless  to  its  temperature,  is  known  to 
give  off  a  portion  of  aqueous  vapour,  which  has  a  peculiar  odour,  indicative 
of  the  presence  of  some  peculiar  principle,  but  in  which  nothing  but  water 
can  be  detected.  Physiologists  are  not  agreed  upon  the  question  whether 
the  act  of  coagulation  is  or  is  not  accompanied  with  disengagement  of  gase- 
ous  matter.  In  the  ezperimenlB  of  Vogel,  Brande,  and  Scudamore,  blood 
coagulating  in  the  vacuum  of  an  air-pump  was  found  to  emit  carbonic  acid, 
and  Scudamore  even  inferred  that  the  evolution  of  this  gas  constitutes  an 
essential  part  of  the  process.  Other  experimenUlists,  however,  have  obtained 
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a  diffiBrent  resnlt  Dr.  John  Davy  and  the  late  Dr.  Duncan,  jun.,  failed  in 
their  attempts  to  procure  carbonic  acid  from  blood  during  coagulation ;  and 
Dr.  Christison,  in  an  experiment  which  I  witnessed,  was  not  more  success- 
ful. This  evidence  seems  positive  against  the  notion  that  the  evolution  of 
carbonic  acid  gas  is  an  essential  part  of  coagulation.  The  existence  of  car- 
bonic acid  in  venous  blood,  is  a  different  question,  and  this  point  wiU  be  dis- 
cussed under  the  head  of  respiration. 

Coagulation  is  influenced  by  the  irapidity  with  which  the  Uood  is  removed 
from  the  body.  Sir  G.  Scudamore  observed,  that  blood  slowly  drawn  from  a 
vein  coa^rulates  more  rapidly  than  when  taken  in  a  full  stream. 

Experiments  are  still  wanting  to  show  the  influenee  of  different  gases  on 
coagidation.  Oxygen  gas  accelerates  coagulation,  and  carbonic  acid  retards 
but  cannot  prevent  it 

Heat  is  evolved  during  the  coagulation  of  the  blood.  The  late  Dr.  Gordon 
estimated  the  rise  of  the  thermometer  at  six  degrees ;  and  Dr.  Davy,  on  the 
other  hand,  regards  the  increase  of  temperature  from  this  eause  as  very 
slight  Sir  C.  Scndamore  finds  that  the  rate  at  which  blood  cools  is  distinctly 
slower  than  it  would  be  were  no  caloric  disengaged,  and  he  observed  the 
thermometer  to  rise  one  degree  at  the  commencement  of  coagulation. 

Some  substances  prevent  the  coagulation  of  the  blood.  This  effect  is  pro- 
duced by  a  saturated  solution  of  oiloride  of  sodium,  hydrochlorate  of  am- 
monia, nitre,  and  a  solution  of  potassa.  The  coagulation,  on  the  contrary, 
is  promoted  by  alum  and  the  sulphates  of  the  oxides  of  zinc  and  copper. 
The  blood  of  persons  who  have  died  a  sudden  violent  death,  by  some  kinds 
of  poison,  or  from  mental  emotion,  is  usually  found  in  a  fluid  state.  Light- 
ning is  said  to  have  a  similar  effect ;  but  Sir  C.  Scudamore  declares  this  to 
be  an  error.  Blood,  through  which  electric  discharges  were  transmitted, 
coagulated  as  quickly  as  that  which  w;as  not  electrified ;  and  in  animals  killed 
by  tno  discharge  of  a  powerful  galvanic  battery,  the  blood  in  the  veins  was 
always  found  in  a  solid  state. 

The  cause  of  the  coagulation  of  the  blood  has  been  the  subject  of  much 
speculation  to  physiologists.  The  tendency  of  this  fluid  to  preserve  the 
liquid  form  while  contained  in  a  living  animal,  cannot  be  ascribed  to  the 
motion  to  which  it  is  continualiy  subject  within  the  vessels.  It  is  a  familiar 
&ct  that  blood,  though  continually  stirred  out  of  the  body,  is  not  prevented 
from  coagulating;  and  it  has  been  noticed,  that  the  coagulation  of  blood 
which  is  set  at  rest  within  its  proper  vessels  by  the  application  of  ligatures, 
or  which  has  been  accidentally  extravasated  within  the  body,  is  materially 
retarded.  It  has,  indeed,  been  hitherto  found  impossible  to  account  in  a 
satisfiictory  manner  for  the  blood  retaining  fluidity  by  reference  to  motion, 
temperature,  or  the  operation  of  any  physical  or  chemical  laws ;  and,  conse- 
quently,  it  is  generally  ascribed  to  the  agency  of  the  vital  principle.  The 
blood  IS  supposed  either  to  be  endowed  with  a  principle  of  vitality,  or  to  re- 
ceive from  the  living  parts  with  which  it  is  in  contact  a  certain  vital  impres- 
sion,  which,  together  with  constant  motion,  counteracts  its  tendency  to 
coagulate.  * 

Blood  in  Diaeaae, — The  blood  may  be  diseased  either  by  the  excess  or  de- 
ficiency of  one  or  more  of  its  proper  constituents,  or  from  the  presence  of 
substances  which  are  foreign  to  it  One  familiar  instance  of  diseased  blood 
is  jaundice,  when  bile  enters  the  circulation  and  is  distributed  to  every  or- 
ganiied  part  of  the  body.  Though  the  presence  of  bile  in  the  blood  during 
jaundice  has  been  detected,  yet  its  passage  into  the  circulating  mass  at>pears 
so  rapidly  succeeded  by  its  exit,  that  its  detection  in  the  blood  itself  is  gene- 
rally difficult  Urea  has  also  been  detected,  sometimes  in  very  large  quan- 
tity :  it  appears  to  be  constantly  present  in  the  blood,  whenever  the  secretion 
of  urine  is  suppressed.  Prevoet  and  Dumas  wholly  arrested  the  secretion  of 
urine  in  a  dog  by  tying  the  renal.vessels  and  excising  the  kidneys,  and  two 
days  after  the  operation  they  obtained  20  grains  of  urea  from  5  ounces  of  his 
blood.  (An.  de  Ch.  et  de  Ph.  xxxiti.  90.)  Dr.  Christison  found  urea  in  the 
blood  of  persons  suffering  undec  renal  disease^  as  will  be  mentioned  in  the 
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flection  on  the  urine ;  and  Dr.  Front  appears  also  to  have  made  a  airoilar  ob- 
■ervation.  The  serum  of  the  blood  in  this  affection  has  usually  a  lower  ap. 
gr.  than  healthy  serum,  the  average  of  several  cases  being  1.021  (Gregory) ; 
and  the  albumen  is  in  smaller  proportion  than  natural  Urea  has  been  de- 
tected by  Dr.  O'Shaogncsey  in  the  blood  of  persons  labouring  under  choletv, 
in  which  disease  the  action  of  the  kidneys  is  generally  very  much  distvrbed. 
The  sp.  gr.  of  the  serum  of  diabetic  blood  is  usually  above  the  natural  stand- 
ard, being  so  high  as  1.0354.  (Maroet). 

The  serum  of  blood,  instead  of  being  transparent,  as  it  commonly  is,  has 
■ometimes  a  cloudy  appearance  like  whey,  and  in  some  more  rare  instances 
is  perfectly  opaque  and  white,  as  if  it  had  been  mixed  with  milk.  The  cauae 
of  the  opacity  has  been  experimentally  examined  by  Drs.  Traill  and  Chris- 
tison,  who  have  traced  it  to  the  presence  of  oleaginous  matter,  which  the 
latter  has  shown  to  contain  both  stearine  and  elaine,  and  to  be  very  similar 
to  human  fat.  The  milkiness  may,  therefore,  be  ascribed  to  fat  being  me- 
chanically  diffused  through  the  serum  like  oil  in  an  emulsion.  It  may  be 
easily  separated  by  agitating  the  scrum  in  a  tnbe  with  half  its  bulk  of  sol- 
phuric  ether,  when  the  adipose  matter  is  instantly  dissolved,  the  opacity  in 
consequence  disappcari*,  and  on  evaporating  the  clear  ethereal  solution,  which 
rises  to  the  surface  of  the  mixture,  tlie  fat  is  obtained  in  a  separate  state. 
By  this  means  he  procured  on  one  occasion  five  per  cent  of  fat  from  milky 
serum,  and  one  per  cent,  from  serum  which  had  the  aspect  of  whey.  (Edinb. 
Med.  and  Surg.  Journal,  April,  1830.) 

The  most  remarkable  kind  of  diseased  blood  which  has  yet  been  studied 
bj  chemists  is  that  which  occurs  in  cholera.  During  the  progress  of  that 
disease  an  enormous  discharge  takes  place  of  a  whitish-colourMi  fluid  eimi* 
lar  to  a  mixture  of  boiled  rice  with  water,  an  appearance  occasioned  by  a 
white  flaky  matter  floatinjr  in  a  nearly  colourless  liquid.  The  insoluble 
part  has  the  character  of  fibrin :  wlule  the  liquid  portion  is  a  weak  tNdutioo 
of  albumen,  is  faintly  alkaline,  and  contains  the  same  kind  of  salts  as  exist 
in  the  blood.  On  examining  the  blood  itself^  it  is  found  to  contain  less 
water  and  more  albumen  and  hematosine  than  healthy  blood ;  the  density  of 
the  serum  fs  conseqtiently  greater  than  usual;  its  colour  is  remarkably 
black  even  in  the  arteries ;  in  some  cases  it  is  semi-fluid  and  incapabfc  of 
coagulating,  having  the  appearance  of  tar ;  and  the  salts  of  the  blood  are 
oflen  in  unusually  small  quantity,  being  sometimes  almost  entirely  wanting. 
On  comparing  the  condition  of  the  blood  with  that  of  the  discharges,  it  is 
manifest  that  the  latter  contain  all  the  insrredients  of  the  blood  except  Ike 
red  globules ;  but  that  the  aqueous  and  saline  parts  pass  oat  of  the  circula- 
tion more  rapidly  than  the  albuminous. 

The  cau<;c  of  the  dark  colour  of  the  blood  in  cholera  is  a  point  by  no 
means  decided.  Dr.  Thomson  states  that  the  blood  in  cholera  is  not  ren- 
dered florid  by  exposure  to  atmospheric  air,  and  hence  argues  that  the  dark 
colour  is  owing  to  some  diseased  condition  of  the  blood  which  unfits  it  for 
being  duly  arterialized ;  but  this  view  is  opposed  to  the  statement  of  Dr, 
0*Shauglincs<!y,  who  declares  that  the  dark  blood  in  cholera  ts  susceptible 
of  arterialization, — ^that,  at  least,  on  being  agitated*  with  air,  it  is  rendered 
florid,  absorbs  oxygen,  and  emits  carbonic  acid  gas.  Dr.  Stevens,  in  his 
treatise  on  the  blood,  maintains  that  the  black  colour  is  primarily  owing  to 
the  contagion  of  cholera,  which  throws  the  circulating  fluids  into  a  morbid 
state;  ond  that  the  eflect  of  the  poison  is  increased  by  the  diminished 
quantity  of  saline  matter,  an  opinion  intimately  connected  with  his  theoiy 
of  arterialization,  which  will  shortly  be  explained.  He  has  observed  the 
blood  of  persons  living  in  a  cholera  hospital  to  be  preternaturally  dark, 
tliough  they  were  not  affected  with  the  disease.  Perhaps  the  most  correct 
opinion  is,  thai  the  Mood  of  persons  in  cholera,  in  consequence  of  deranged 
arterial  action,  circulates  sluggishly,  and  is  hence  imperfectly -arterialim: 
fix>m  this  cause  the  dark  colour  may  arise  without  any  diminution  of  salliie 
matter ;  and  it  may  disappear,  from  an  improved  circulation,  without  the 
administration  of  nit    But  there  is  no  doubt  that  loss  of  aalioe  mattar  in- 
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creaMa  the  dark  tint  of  the  Uood,  and  prevents  it  from  acquiring  the  arterial 
colour. 

The  aubatance  known  under  the  name  of  hlaek  vomtl,  ejected  by  the 
atomach  duringr  the  last  ataffe  of  yellow  fever,  appeiuti  from  the  observa- 
tions of  Dr.  Stevens  to  be  mood  blackened  and  partially  coagulated  by  a 
free  acid.  The  acidity  is  suspected  by  Dr.  Prout  to  arise  from  the  secretion 
of  acetic  acid ;  and  the  presence  of  hydrochloric  acid  is  also  probable. 

Respiration, 

When  venous  blood  is  brought  into  contact  with  atmospheric  air,  its  sur. 
face  passes  from  a  dark  purple  to  a  florid-red  colour,  oxygen  gas  disappears, 
and  carbonic  acid  gas  is  emitted.  The  change  takes  place  more  speedily 
when  air  is  agitated  with  blood ;  it  is  still  more  rapid  when  pure  oxygen  is 
substituted  for  atmospheric  air;  and  it  does  not  occur  at  all  when  oxygen 
is  entirely  excluded.  These  facts,  which  were  long  considered  indispatable, 
have  been  questioned  by  Dr.  Davy ;  but  they  are  nevertheless  perfectly  true, 
and  have  been  fully  established  by  Dr.  Christison.  (Edin.  Med.  and  Surg. 
Journal,  Jan.  1831.)  The  quantity  of  carbonic  acid  developed  very  exactly 
corresponds  with  the  oxygen  which  disappears ;  but  when  the  blood  and  air 
are  agitated  together,  part  of  the  carbonic  acid  which  would  otherwise  be 
found  as  gas,  is  absorbed  by  the  serum.  It  appears  certain,  from  the  expe- 
riments of  Dr.  Christison,  that  the  colouring  matter  is  the  part  of  the  blood 
essentially  concerned  in  the  phenomenon ;  an  inference  which  is  drawn, 
not  from  the  mere  change  of  tint,  but  from  the  effect  of  the  blood  on  the  air 
varying  with  the  quantity  and  condition  of  the  colouring  matter.  In  some 
fevers,  as  acute  rheumatism,  in  which  the  circulation  is  rapid  and  the  respi- 
ration free,  the  venous  blood  is  found  to  be  very  florid,  and  to  withdraw  very 
little  oxygen  from  air ;  and  a  similar  scanty  abstraction  of  oxygen  is  ob- 
served in  dark  venous  blood,  when  its  usual  proportion  of  colourmg  matter 
is  deficient 

The  conversion  of  the  dark  purple  colour  of  venous  blood  into  the  florid 
tint  of  that  contained  in  the  arteries,  is  &miliarly  expressed  by  the  term 
arUrialization ;  or,  more  strictly,  this  name  is  applied  to  a  change  in  the 
constitution  of  the  blood,  which  is  accompanied  and  indicated  by  change  of 
colour,  evolution  of  carbonic  acid,  and  abstraction  of  oxygen  from  the  air. 

Chemists  have  differed  about  the  origin  of  the  carbonic  acid.  Some  sup- 
pose that  the  blood,  in  circulating  through  the  body,  becomes  charged  with 
carbon  in  some  unknown  mode  of  combination,  which  causes  the  venous 
character;  and  that  when  such  blood  is  exposed  to  the  air,  its  redundant 
carbon,  by  a  process  of  oxidation,  unites  directly  with  atmospheric  oxygen, 
the  carbonic  acid  so  generated  is  set  free,  and  the  blood  unloaded  of  carbon 
recovers  the  arterial  character.  By  others,  venous  blood  is  thought  to  owe 
its  colour  to  the  presence  df  carbonic  acid  ready  formed  within  it :  they 
maintain  that  oxygen  gas  is  directly  absorbed  into  the  blood,  and  displaces 
the  pre-existing  carbonic  acid.  The  near  coincidence  between  the  quantity 
of  evolved  carbonic  acid  and  absorbed  oxygen,  which  has  been  urged  in 
fiivour  of  the  former  theory,  is  scarcely  an  argument  either  way ;  for  uiough 
true,  on  the  one  hand,  that  carbonic  acid  contains  its  own  volume  of  oxygen, 
it  is  also  true,  on  the  other,  that  if  one  gas  displaces  another  from  a  liquid, 
the  volumes  of  evolved  and  absorbed  gas  usually  correspond.  The  stronffest 
evidence  is  in  favour  of  the  latter  theory.  Carbonic  acid  has  been  proved  to 
be  capable  when  absorbed  by  arterial  blood  of  causing  the  venous  character ; 
and  Mr.  Hoflman  has  shown  that  when  venous  blood  is  received  from  a 
vein  into  a  vessel  full  of  hydrogen  gas,  without  exposure  to  the  atmosphere, 
and  is  then  agitated  with  the  hydrogen,  carbonic  acid  gas  is  evolved.  (Medi- 
cal Gazette,  March  30, 1833.) 

But  arterialization  does  not  alone  depend,  as  was  thought  till  lately,  on  the 
influence  of  the  atmosphere.  Dr.  Stevens,  in  his  treatise  on  the  blood,  has 
the  merit  of  proving  the  aaline  matter  of  the  aerum  to  be  eaeential  to  the 
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phenomeBon.  Varioas  nlU,  sach  aa  nitre,  chlorate  of  potaaaa,  ■ea.^aJt,  and 
bicarbonate  of  soda,  have  the  property  of  giving  to  hematoeine,  or  the  ooloar- 
ing  principle  of  the  blood,  a  bright  red  tint,  far  more  florid,  when  a  atron^ 
aaline  solution  is  used,  than  arterial  blood.  A  saline  solution  of  the  reqm- 
site  strength  gives  to  venous  blood  the  arterial  tint,  without  exposure  to  tbe 
air;  but  the  scrum  contains  so  small  a  quantity  of  salt  that  its  effect  be- 
comes  visible  only  when  aided  by  the  agency  of  the  atmosphere.  A  clot  of 
Tenons  blood,  when  carefully  separated  from  its  scrum,  is  not  brightened  by 
oxygen  gas ;  and  arterial  blood,  when  its  serom  is  displaced  by  pure  water, 
becomes  as  dark  as  venous  blood.  Hence  it  may  be  inferred  that  the  chanre 
fit>m  venous  to  arterial  blood  consists  of  two  parts  which  are  essenttaSy 
distinct :  one  is  attended  with  the  direct  absorption  of  oxygen,  and  the  eTo> 
lution  of  carbonic  acid  pre-existing  in  venous  blood,  an  action  enential  to 
life ;  and  the  other,  the  most  conspicuous  but  probably  least  essential,  is  the 
effect  of  the  saline  parts  of  the  serum,  which  impart  a  florid  tint  to  the  co- 
louring matter  after  the  former  change  has  occurred.  By  what  means  the 
absorption  of  oxygen  gives  rise  to  tlie  evolution  of  carbonic  acid,  is  a  ques- 
tion which,  like  others  that  will  occur  to  the  attentive  reader,  has  not  been 
sufiiciently  explained,  and  invites  further  investigation. 

The  same  changes  which  occur  in  blood  out  of  the  body  are  contiDually 
taking  place  within  it  During  respiration,  venous  blood  is  expooed  in  the 
lungs  to  the  agency  of  the  air  and  is  arterialized,  oxygen  gas  disappears, 
and  carbonic  acid  is  evolved;  and  it  is  remarkable  that  these  phenomena 
ensue  not  only  during  life,  but  even  after  death,  provided  the  reapiraUify 
process  be  preserved  artificially.  Since,  therefore,  all  the  characteristic 
phenomena  of  arterialization  are  the  same  in  a  living  and  in  a  dead  anima], 
and  whether  the  blood  is  or  is  not  contained  in  the  body,  it  seema  legitimate 
to  infer,  that  this  process  is  not  necessarily  dependent  on  the  vital  principle, 
but  is  solely  determined  by  the  laws  of  chemical  action. 

In  studying  the  subject  of  respiration,  the  first  object  is  to  determine  tbe 
precise  change  produced  in  the  constitution  of  the  air  which  is  inhaled. 
Dr.  Black  was  the  first  to  notice  that  the  air  exhaled  ftt>m  the  lungs  eon- 
tains  a  consideraUe  quantity  of  carbonic  acid,  which  may  be  detected  bj 
transmission  through  lime-water.  Priestley,  some  yean  after,  observed 
that  air  is  rendered  unfit  for  supporting  flame  or  animal  life  by  the  proeess 
of  respiration ;  from  which  it  was  probable  that  oxygen  is  consumed ;  and 
Lavoisier  subsequently  established  the  fact,  that  during  respiration  oxygen 
ftm  disappears,  and  carbonic  acid  is  disengaged.  The  chief  experimental* 
ists  who  have  since  cultivated  this  department  of  chemical  physiology  are, 
Priestley,  Scheelc,  Lavoisier,  Seguin,  Crawford,  Goodwin,  Davy,  Ellis, 
Allen  and  Pepys,  EkI  wards,  and  Despretz.  Of  these,  the  results  obtained  by 
'Messrs.  Allen  and  Pepys  (Phil.  Trans.  1808),  and  Dr.  Edwards,*  are  the 
most  conclusive  and  satisfkctory ;  their  researches  having  been  condoeted 
with  great  care,  and  aided  by  all  the  resources  of  modern  chemistry. 

One  of  the  chief  objects  of  Allen  and  Pepys,  in  their  experiments,  was  to 
ascertain  if  any  uniform  relation  exists  between  the  oxygen  consumed  and 
tho  carbonic  acid  evolved.  They  found  in  general  that  the  quantity  of  the 
former  exceeds  that  of  the  latter ;  but  as  the  difference  was  very  trifling, 
they  inferred  that  the  carbonic  acid  of  the  expired  air  is  exactly  equal  to  the 
oxygen  which  disappears.  The  experiments  of  Dr.  Edwards  were  attended 
with  a  remarkable  result,  which  accounts  very  happily  for  some  of  the  dis> 
eordant  statements  of  preceding  inquirers.  He  found  the  ratio  between  the 
gases  to  vary  with  the  animal.  In  some  animals  it  might  be  regarded  aa 
nearly  equal ;  while  in  others  the  loss  of  oxygen  considerably  exceeded  the 
gain  of  carbonic  acid,  so  that  the  reapired  air  suffered  a  material  diminuthm 
in  volume.  With  respect  to  the  haman  subject,  the  statement  of  Allen  and 
Pepys  seems  very  near  the  truth. 

•  De  riaflwooe  dee  Ageni  Phyaiqoet  snr  la  Vie^  1694. 
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Th0  quaDlity  of  oxyfen  withdrawn  from  the  atmosphere,  and- of  carbonic 
acid  disengaged,  is  Tsnable  in  different  individuals,  and  in  the  same  indivi- 
dual at  dmerent  times.  It  b  estimated  by  Allen  and  Pepys,  that  in  every 
minute  during  the  calm  respiration  of  a  healthy  roan  of  ordinary  stature, 
26.6  cubic  inches  of  carbonic  acid  of  the  temperature  of  50^  are  emitted, 
and  an  equal  volume  of  oxygen  withdrawn  from  the  atmosphere.  From 
these  data  it  has  been  calculated,  that  in  an  interval  of  twenty 'four  hours  not 
leas  than  eleven  ounces  of  carbon  are  given  off  from  the  lungs  alone,-~an 
estimate  which  must  surely  be  inaccurate,  the  quantity  being  90  great  as 
sometimes  to  exceed  the  weight  of  carbon  contained  in  the  food.  The  same 
observers  have  lately  found  the  production  of  carbonic  acid  in  a  pigeon, 
breathing  freely  in  atmospheric  air,  to  be  such  that,  supposing  the  same  rate 
to  continue,  the  bird  must  have  thrown  off  96  grains  of  carbon  in  the  space 
of  24  hours.  From  the  observations  of  Dr.  Front,  it  appears  that  the  quan- 
tity  of  carbonic  acid  emitted  frum  the  lungs  is  variable  at  particular  periods 
of  the  day,  and  in  particular  states  of  the  system.  It  is  more  abundant 
during  the  day  than  the  night ;  about  daybreak  it  begins  to  increase,  con* 
tinues  to  do  so  till  about  noon,  and  then  decreases  until  sunset.  During  the 
night  it  seems  to  remain  uniformly  at  a  minimum;  and  the  maximum 
quantity  given  off  at  noon  exceeds  the  minimum  by  about  one-fiflh  of  the 
whole.  The  quantity  of  carbonic  acid  is  diminished  by  any  debilitating 
causes,  such  as  low  diet,  depressing  passions,  and  the  like.  (An.  of  Phil,  xiit. 
269.)  The  experiments  of  Dr.  Fyfe,  published  in  his  Inaugural  Disserta- 
tion, are  confirmatory  of  those  above  mentioned. 

Messrs.  Allen  and  Pepys  observed  that  atmospheric  air,  when  drawn  into 
the  lungs,  returns  charged  in  the  succecuiing  expiration  with  from  8  to  6  per 
cent  of  carbonic  acid  gas ;  but  this  estimate  is  probably  too  high,  since  in 
some  recent  observations  of  Dr.  Apjohn  of  Dublin,  air,  once  respired,  con- 
'  taincd  only  3.6  per  cent  of  carbonic  acid.  When  an  animal  is  confined  in 
the  same  quantity  of  air,  death  ensues  before  all  the  oxygen  is  consumed : 
when  the  same  portion  of  air  is  repeatedly  respired  until  it  can  no  lon|rer 
support  life,  it  then  contains  10  per  cent,  of  carbonic  acid  according  to  Allen 
and  Pepys,  and  barely  8  per  cent,  according  to  Dr.  Apjohn.  (Edin.  Med.  and 
Surg.  Journal,  Jan.  1831.) 

^though  in  respiration  the  arterialization  of  the  blood  by  means  of  free 
oxygen  is  the  essential  change,  without  the  due  performance  of  which  the 
life  of  warm.blooded  animals  cannot  be  preserved  beyond  a  few  minutes,  and 
which  is  likewise  necessary  to  the  lowest  of  the  insect  tribe,  it  is  important 
to  determine  whether  the  nitrogen  of  the  atmosphere  has  any  influence  in 
the  function.  The  results  of  different  inquirers  differ  considerably.  In  the 
experiments  of  Priestley,  Davy,  Humboldt,  Henderson,  and  Pfaff,  there  ap. 
peared  to  be  absorption  of  nitrogen,  a  less  quantity  of  that  gas  being  exhaled 
than  was  inspired.  Nysten,  Berthollet,  and  Despretz,  on  tlie  contrary,  re- 
marked an  increase  in  the  bulk  of  the  nitrogen ;  and  from  tlie  researches  of 
Seguin  and  Lavoisier,  Vauquclin,  Ellis,  Dalton,  and  Spallanzani,  it  was  in- 
ferred that  tlicre  is  neither  absorption  nor  exhalation  of  nitrogen,  the  quan- 
tity  of  that  gas  undergoing  no  change  during  its  passage  through  the  air- 
cells  of  the  lungs.  AUen  and  Pepys  arrived  at  a  similar  conclusion  ;  and 
since  the  appearance  of  their  Essay,  the  opinion  has  prevailed  very  generally 
among  physiologists,  that  in  respiration  the  nitrogen  of  the  air  is  altogether 
passive. 

The  facts  ascertained  by  Edwards  relative  to  this  subject  are  novel  and 
of  peculiar  interest.  This  acute  physiologist  has  reconciled  the  discordant 
results  of  preceding  experimenters  by  showing  that,  tfuring  the  respiration 
even  of  the  same  animal,  the  quantity  of  nitrogen  may  one  while  be  in- 
creased, at  another  time  diminished,  and  at  a  third  wholly  unchanged.  He 
has  traced  these  phenomena  to  the  influence  of  the  seasons ;  and  he  sua- 
pects,  as  indeed  is  most  probable,  that  other  causes,  independently  of  season, 
nave  a  share  in  their  production.  In  nearly  all  the  lower  animals  which 
were  made  the  subject  of  experiment,  an  augmentation  of  nitrogen  was  ob- 
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■eiTable  during  tummer.  Sometimeg,  indeed,  it  was  so  siighi  that  it  might 
be  disreg^arded.  But  in  many  other  instances,  it  was  so  great  as  to  place  the 
&ct  beyond  the  possibility  of  doubt;  and  on  some  occasions  it  almost 
equalled  the  whole  bulk  of  the  animal.  Such  continued  to  be  the  result  of 
his  inquiries  until  the  dose  of  October,  when  he  observed  a  sensible  diminu- 
tion of  nitrogen,  and  the  same  continued  throughout  the  whole  of  winter  and 
the  beginning  of  spring. 

There  are  two  modes  of  accounting  for  these  phenomena.  According  to 
one  Tiew,  the  nitrogen  which  disappears  is  ascribed  to  the  absorptioa  <}f 
what  was  inhaled,  and  its  increase  to  direct  exhalation,  the  opposite  pro- 
cesses of  absorption  and  exhalation  being  supposed  not  to  occur  at  the  same 
moment  According  to  the  other  view,  l^th  these  processes  are  always  going 
on  at  the  same  time,  and  the  result  depends  on  the  preponderance  of  one 
over  the  other.  When  absorption  prevails,  a  smaller  quantity  of  nitrogen  is 
exhaled  than  was  inspired ;  when  exhalation  exceeds  absorption,  increase  of 
nitrogen  takes  place ;  but  when  absorption  and  exhalation  are  equal,  the 
bulk  of  the  inspired  air,  so  far  as  concerns  nitrogen,  is  unchanged.  The  lat- 
ter opinion,  which  is  adopted  by  Edwards,  is  supported  by  two  decisive  ex- 
periments performed  by  Allen  and  Pepys,  in  one  of  which  a  guinea-pig  was 
confined  in  a  vessel  of  oxygen  gas,  and  in  the  other  in  an  atmospere  com- 
posed  of  21  measures  of  oxygen  and  79  of  hydrogen.  In  both  cases  the  re- 
sidual air  contained  a  quantity  of  nitrogen  mater  than  the  bulk  of  the  ani- 
mal itself;  and  in  tlie  latter  a  portion  of  hydrogen  had  disappeared.  Hence 
it  follows  that  nitrogen  may  be  exhaled  from  the  lungs,  and  that  hydrogen 
may  be  absorbed. 

An  account  of  some  interesting  researches  on  the  respiration  of  birds, 
bearing  directly  on  this  subject,  was  published  in  1829  by  Allen  and  Pepys. 
(Phil.  Trans.)  The  subject  of  inquiry  was  the  pigeon,  and  the  phenomena 
attending  its  respiration  were  observed  under  three  different  circumstances, 
namely,  in  atmospheric  air,  in  oxygen  gas,  and  in  a  mixture  of  oxygen  and 
hydrogen,  in  wliich  the  former  amounted,  as  in  the  atmosphere,  to  20  per 
cent  In  each  case  the  bulk  of  the  gaseous  mixture  remained  without 
change.  In  the  experiments  with  atmospheric  air,  the  oxygen  which  disap- 
pear^ was  equal  to  the  carbonic  acid  evolved ;  the  nitrogen  was  unafiected, 
except  on  one  occasion  when  the  bird  appeared  uneasy,  and  then  there  was 
a  slight  loss  of  nitrogen.  In  oxygen  gas  the  production  of  carbonic  acid 
was  about  half  the  Tjuantity  emitted  when  the  pigeon  breathed  common  air ; 
and  the  decrease  in  oxygen  was  exactly  equal  to  the  united  volumes  of  the 
carbonic  acid  and  nitrogen  which  were  disengaged.  When  the  pigeon  was 
placed  in  mixed  oxygen  and  hydrogen  gases,  the  production  of  carlmnic  acid 
was  rather  more  abundant  than  in  atmospheric  air,  and  its  volume  equalled 
exactly  the  loss  in  oxy|fen ;  nitrogen,  as  before,  was  given  out  with  con- 
siderable freedom,  and  its  bulk  precisely  corresponded  to  the  decrease  in 
hydrogen.  In  the  two  latter  series  of  experiments,  especially  in  the  last,  the 
respiration  of  the  pigeon  was  at  times  laborious.  The  experiments,  how- 
ever, are  decisive  of  the  fsct,  that  carbonic  acid  and  nitrogen  gases  may 
be  thrown  oS  from  the  lungs,  and  that  oxygen  and  hydrogen  gases  may  be 
absorbed. 

Two  theories  similar  to  those  of  arterialization  (page  609)  have  been  pro- 
posed to  explain  the  phenomena  of  respiration.  According  to  one  theory, 
the  carbonic  acid  found  in  the  respired  air  is  actually  generated  in  the  lungs 
themselves ;  while,  according  to  the  other,  this  gas  is  thought  to  exist  ready 
formed  in  the  blood,  and  to  be  merely  thrown  on  from  that  liquid  during  its 
distribution  through  the  lungs.  Thd  former  theory,  which  appears  to  have 
originated  with  Priestley,  has  received  several  modifications.  Priestley 
imagined  that  the  phenomena  of  respiration  are  owing  to  the  disemrageraent 
of  phlogiston  firom  the  blood,  and  its  combination  with  the  air.  Dr.  Craw- 
ford  modified  this  doctrine  in  the  following  manner.  (Crawford  on  Animal 
Heat)  He  was  of  opinion  that  venous  blood  contains  a  peculiar  compound 
of  earboD  and  hydrogen,  termed  hydrO'Carbon^  the  elements  of  which  unite  in 
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the  luogt  with  the  mgsn  of  the  air,  fermin^  water  with  the  one,  and  car- 
bonie  acid  with  the  other ;  and  that  the  biood,  thua  purified,  regains  its  florid 
hoe,  and  becomea  fit  fiir  the  purposes  of  the  animal  eoMiomy. 

The  hypothesis  of  Crawford,  however,  is  not  merely  liable  to  the  objection 
that  the  supposed  hydro-carbon,  as  respects  the  blood,  is  quite  imaginary ; 
but  it  was  round  at  variance  with  the  leading  fkets  established  by  Allen  and 
Pepys.  By  the  elaborate  researches  of  these  ehemists  it  was  establiBhed, 
that  carbonic  acid  gas  contains  its  own  volume  of  oxygen ;  and  they  also 
concluded  that  air,  inhaled  into  the  lungs,  returns  charged  with  a  quantity 
of  carbonic  acid,  almost  exactly  equal  in  bulk  to  the  oxygen  which  disaip. 
pears-^an  inference  which,  as  applied  to  man  and  some  of  the  lower  ani. 
mals,  seems  very  near  the  truth.  A  review  of  these  circumstances  induced 
them  to  adopt  the  opinion,  that  tlic  oxygen  of  the  air  combines  in  the  lungs 
exclusively  with  carbon;  and  that  the  watery  vapour,  which  is  always  con- 
tained in  the  breath,  is  an  exhalation  from  minute  pulmonary  vessels. 
They  conceived  that  the  fine  animal  membrane  hiter posed  between  the 
blood  and  the  air  does  not  prevent  chemical  action  from  taking  place  be- 
tween them. 

This  view  has  been  further  modified  by  Mr.  Ellis,  who  supposes  that  the 
carbon  is  separated  fh>m  the  venous  blood  by  a  process  of  secretion,  and 
that  then,  coming  into  direct  contact  with  oxygen,  it  is  convehed  into  cor- 
bonic  acid.  (Inquiry,  &c.  Parts  i.  and  ii.)  The  circumstance  which  led 
Mr.  Ellis  to  this  opinion,  was  a  disbelief  in  the  possibility  of  oxygen  acting 
upon  the  blood  through  the  animal  membrane  in  which  it  is  confined.  This 
difficulty,  as  will  immediately  appear,  no  longer  exists ;  and  th^  free  per- 
meability of  membranes  by  goses  is  now  completely  established. 

According  to  the  second  theory,  which  was  supported  by  I^  Grange  and 
Hasseofratz,  and  has  lately  been  adopted  by  Edwards,  carbonic  acid  gene- 
rated  during  the  course  of  the  circulation  is  given  off  from  venous  blood  in 
the  lungs,  and  oxygen  gas  is  absorbed.  This  doctrine,  though  generally 
regarded  hitherto  as  less  probable  than  the  preceding,  is  supported  by  very 
powerful  arguments.  The  experiments  and  observations  of  Dr.  Edwards 
seem  to  leave  no  doubt  that  the  blood,  wiiilc  circulating  through  the  lungs, 
is  capable  of  absorbing  hydrogen,  nitrogen,  and  oxygon  gases,  and  of 
emitting  nitrogen;  and  he  has  gone  very  far  towards  proving  that  the  car- 
bonic acid  is  derived  from  the  same  source.  On  confining  frogs  and  snails 
for  some  time  in  an  atmosphere  of  hydrogen,  the  residual  air  was  found  to 
contain  a  quantity  of  carbonic  acid,  which  was  in  some  instances  even 
greater  than  the  bulk  of  the  animal ;  and  a  similar  result  was  obtained  with 
young  kittens. 

These  facts,  in  proving  the  possibility  of  gaseous  inhalation  and  exfaula- 
tion,  as  well  as  the  evolution  of  carbonic  acid  independently  of  atmospheric 
air,  entitle  the  theory  of  Edwards  to  a  preference;  and  they  will  go  far, 
when  attested  by  more  extensive  observation,  especially  should  the  constant 
presence  of  carbonic  acid  in  venous  blood  be  established,  to  the  rejection  of 
the  former  theory. 

The  difficulty  which  formerly  stood  in  the  way  of  both  theories  of  respi- 
ration, arising  from  the  supposed  impermeability  of  animal  membranes  by 
gases,  has  been  entirely  removed  by  the  researches  of  Drs.  Faust  and  Mit- 
chell. (American  Journal  of  the  Medical  Sciences,  No.  13.)  It  fully  ap- 
pears from  their  experiments,  and  of  the  accuracy  of  their  principal  results 
I  am  satisfied  from  personal  observation,  that  animal  membranes  both  in 
the  living  and  dead  subject,  Ijoth  in  and  out  of  the  body,  are  freely  penetra- 
hie  by  gaseous  matter ;— that  the  phenomena  of  endosmosc  and  exosmose^ 
observed  -  in  liquids  by  Dutrochet,  are  likewise  exhibited  by  gases.  If  a 
glass  full  of  carbonic  acid  be  closed  by  an  animal  membrane,  such  as  the 
ooBCum  of  a  fowl,  or  the  bladder  of  a  sheep,  and  be  then  exposed  to  the  at- 
mosphere, a  portr-n  of  air  will  pass  into  the  glass  and  some  of  the  confined 
gas  escape  firoro  it;  and  if  the  experiment  m  reversed  by  confining  air  in 
the  gloss,  which  js  then  placed  in  an  atmosphere  of  carbonic  acid,  the  latter ' 
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pofset  iQ  and  tbe  fimner  oat  of  the  glum,  Simikr  pbenomena  enrae  with 
other  fuei;  so  that  when  any  two  guea  are  aeparated  by  a  membruie, 
both  of  them  paaa  throo^h  the  partiUon.  The  permeability  of  a  membnme 
is  greater  in  a  living  man  in  a  dead  animal;  but  the  property  is  by  no 
meant  peculiar  to  or^ranised  matter,  since  a  thin  lamina  of  any  substance  of 
organic  origin,  such  as  a  sheet  of  caoutchouc,  is  freely  permeable.  Water 
and  other  Uqoids  transmit  gases  apparently  on  the  same  principle  as  mem- 
branes; and  porous  solid  TOdies  of  the  mineral  kingdom  will  doubtleBs  be 
found  to  possess  a  similar  property. 

But  though  all  gases  pass  through  membranous  septa,  they  differ  remark- 
ably  in  the  relative  rapidity  of  transmission.  Thus  Dr.  Mitchell  found  that 
the  time  required  for  the  passage  of  equal  volumes  of  diffsrent  gaaes 
through  the  same  membrane^  was  1  minute  with  ammonu,  2j^  minutes 
with  sulphuretted  hydrogen,  3^  with  cyanogen,  5ji  with  carbonic  acid,  6^  with 
protoxide  of  nitrogen,  27^  with  arseniuretted  h^rdrogen,  38  with  olefiant 
gas,  37 j^  with  hvdrogen,  113  with  oxygen,  160  with  carbonic  oxide,  and  a 
much  greater  time  with  nitrogen.  Hence,  when  a  bladder  fldl  of  air  is 
surrounded  with  carbonic  acid,  the  latter  enters  faster  than  the  former  es- 
capes, and  the  bladder  bursts ;  but  on  reversing  tbe  conditions  of  the  expe- 
rimcnt,  the  bladder  becomes  flaccid,  because  the  carbonic  acid  within  paeses 
out  more  rapidly  than  the  exterior  air  enters.  The  transmission  of  gases 
in  some  of  these  experiments  takes  place  in  opposition  to  a  pressure  equal 
to  several  atmospheres. 

It  would  perhaps  be  premature  to  speculate  on  the  eause  of  this  singular 
property  of  gases,  nor  is  it  material  for  my  present  purpose  to  do  so;  but 
as  the  reader  will  naturally  desire  some  explanation,  the  rollowing,  which  is 
nearly  that  of  Dr.  Mitchell,  may  be  given  as  most  consistent  with  the 
known  properties  of  matter. — ^The  passage  of  a  gas  through  a  membrane 
ov  other  substance  containing  within  it  very  fine  pores,  appears  to  depend  in 
the  first  place  on  the  power  of  the  porous  body  to  absorb  the  gas  into  its 
substance.  This  action  is  apparently  of  the  same  kind  as  that  exerted  on 
grases  by  charcoal,  and  seems  to  depend  on  the  attraction  which  all  bodies 
similar  or  dissimilar  exert  upon  each  other,  such  as  is  exemplified  by  the 
tendency  of  contiguous  floating  bodies  to  approach  one  another,  by  the  ad. 
hewon  of  water  to  the  surface  of  glass,  and  the  ascent  of  liquids  in  capillary 
tubes.  The  absorbent  power  of  such  bodies,  which  may  thus  be  regarded 
as  aggregates  of  capillary  tubes,  will  vaty  with  the  siae  and  number  of  the 
pores.  The  entrance  of  a  gas  into  such  pores  will  be  promoted  by  its  elss- 
ticity;  but  the  same  force  will  oppose  its  retention  within  the  pores,  will  re- 
sist its  return  into  tbe  mass  of  the  same  particles,  and  urge  it  to  escape 
where  there  is  no  such  resistance.  Hence,  when  two  gases  are  separated 
by  a  membrane,  each  passes  through,  and  mixes  with  the  other:  the  pene- 
tration of  each  is  arrested  as  soon  as  its  individual  elasticity  is  the  same  on 
both  sides  of  the  partition,  and  therefore  that  gas  which  penetrates  the 
membrane  the  more  rapidly,  is  the  first  to  be  stationary.  The  relative 
velocity  of  transmission  is  doubtless  a  complex  phenomenon,  referable  to  the 
natural  elasticity  of  each  gas,  to  its  diffusiveness,  to  its  affinity  for  vrater, 
and  to  the  size  of  its  atom  should  that  differ  in  different  gases.  The  power 
of  different  liquids  to  absorb  gases  with  which  they  have  no  chemical 
action,  is  explicable  on  the  same  principles.  A  gas  may  be  absorbed  by 
such  a  liquid,  entering  between  its  particles  as  into  the  pores  of  a  mem- 
brane :  on  exposure  to  a  different  atmosphere,  a  portion  of  the  absorbed  gas 
escapes,  and  about  an  equal  volume  of  the  other  enters  the  space  which  the 
fi^rmer  had  occupied.  But  whatever  may  be  thought  of  these  speculations, 
the  facts  which  thejr  are  designed  to  explain  are  obviously  applicable  to  the 
phenomena  of  respiration,  ft  is  dear  that  oxygen  has  free  ingress  to  the 
Uood  through  the  fine  membrane  of  the  lungs ;  and  carbonic  acid,  whether 
pre-existing  in  venous  blood  or  generated  during:  its  flow  through  the  longs, 
has  a  free  passage  outwards.  This  is  a  sufficiently  direct  inrerenoe  firom 
what  has  already  been  mentioned ;  but  it  may  be  added,  as  additional  eri- 
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dence,  that  an  aqueona  wlotion  of  carbonic  add  confined  in  a  Bladder  giYCB 
oQt  tluit  gas  to  the  rarroundin^  atmosphere,  and  that  venous  blood  exposed 
in  a  bladder  to  the  air,  absorni  oxygen,  emits  carbonic  aeid,  and  acquires 
the  arterial  character. 

It  appears  from  the  essays  of  Drs.  Faust  and  Mitchell  that  their  attention 
was  awakened  to  the  permeability  of  membranes  to  gases  by  the  endosmose 
and  ezosmose  of  liquids  described  by  Dutrochet,  by  an  insulated  example  of 
a  similar  phenomenon  in  gases  observed  by  Mr.  Graham,  and  by  some  facts 
of  a  like  kind  noticed  long  ago  by  Priestley.  Dr.  Stevens  also,  as  stated  at 
page  96  of  his  treatise  on  the  blood,  was  aware  that  carbonic  acid  passes 
readily  through  animal  membranes  when  air  is  on  the  other  side,  applied 
that  Act  to  the  Uieory  of  respiration,  and  brought  the  subject  under  the 
notice  of  several  men  of  science  in  New  York  shortly  before  the  publication 
of  Drs.  Faust  and  Mitchell.  But  the  views  of  Dr.  Stevens,  though  well  cal- 
culated to  elicit  inquiry,  were  vague  and  partial ;  and  the  American  philoso- 
phers, are  entitled  to  the  merit  of  advancipg  from  the  detached  facts  of  others 
po  the  establishment  of  a  principle. 

The  conversion  of  venous  into  arterial  blood  appears  not  to  be  confined  to* 
the  lungs.  The  disengagement  of  carbonic  acid  from  the  surface  of  the 
skin,  and  the  corresponding  disappearance  of  oxygen  fas,  was  demonstrated 
by  the  experiments  of  Jurine  and  Abernethy ;  and  although  the  accuracy  of 
their  results  has  been  doubted  by  some  persons,  it  has  been  confirmed  by 
others.  However  this  may  be  in  the  human  subject,  the  fact  with  respect 
to  many  of  the  lower  animals  is  unquestionable.  Spallanzani  proved  that 
some  animals  possessed  of  lungs,  such  as  serpents,  lizards,  and  frogs,  pro- 
duce the  same  changes  on  the  air  by  means  of  their  skin,  as  by  their  proper 
respiratory  organs;  and  Dr.  Edwards,  in  a  series  of  masterly  experiments, 
has  shown  that  this  function  compensates  so  fully  for  the  want  of  respira- 
tion by  the  lungs,  as  to  enable  these  animals,  in  the  winter  season,  to  live 
for  an  almost  unlimited  period  under  the  surfkce  of  water. 

Jlnimal  Heat 

The  striking  analogy  between  the  processes  of  combustion  and  respiration; 
in  both  of  which  oxygen  gas  disappears,  and  an  oxidized  body  is  substituted 
for  it,  led  Dr.  Black  to  infor  that  the  heat  generated  in  the  animal  system, 
bv  means  of  which  the  more  perfoct  animals  preserve  their  temperature 
above  that  of  the  surrounding  medium,  is  derived  from  the  changes  going 
forward  in  the  lungs.  But  this  opinion  is  not  founded  on  analogy  alone ; 
many  circumstances  conspire  to  show  that  the  developemcnt  of  animal  heat 
is  dependent  on  the  function  of  respiration,  although  the  mode  by  which  the 
efiTect  is  produced  has  not  hitherto  been  satisfactorily  determined.  Thus,  in 
all  animals  whose  respiratory  organs  are  small  and  imperfect,  and  which, 
therefore,  consume  but  a  comparatively  minute  quantity  of  oxygen,  and  ge- 
nerate little  carbonie  acid,  the  temperature  of  the  blood  varies  with  that  of 
the  medium  in  which  they  live.  In  warm-blooded  animals,  on  the  contrary, 
in  which  the  respiratory  apparatus  is  larger,  and  the  chemical  changes  more 
complicated,  the  temperature  is  almost  uniform ;  and  those  have  the  highest 
temperature  whose  lungs,  in  proportion  to  the  sin  of  their  bodies,  tfre  largest^ 
BBd  which  consume  the  greatest  quantity  of  oxygen.  The  temperature  of 
the  same  animal  at  different  times  is  connected  with  the  state  of  the  respi- 
ration. When  the  blood  circulates  sluggishly,  and  the  temperatuiD  is  low, 
the  quantity  of  oxy^ren  consumed  is  comparatively  small ;  but,  on  the  con- 
trary, a  large  quantity  of  that  gas  disappears  when  the  circulation  is  brisk, 
and  the  power  of  ipenerating  heat  energetie.  It  has  also  been  observed, 
especially  by  Crawmrd  and  De  Laroche,  that  when  an  animal  is  placed  in  a 
tery  warm  atmosphere,  so  os  to  require  little  heat  to  be  generated  within  his 
own  body,  the  consumption  of  oxygen  is  aniBuaHy  small)  and  the  blood 
within  the  veins  retains  the  arterial  character. 

The  connexion  between'tbe  power  of  generating  heat' and  respiration  baa 
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been  iUiwtrated  in  a  very  poiDted  muiner  by  Dr.  Edwirdk  Some  yoon^ 
animals,  such  as  puppies  and  kittens,  require  so  small  a  quantity  of  ozjg«n 
for  supportingr  life,  that  tbey  may  be  deprived  of  that  gas  altogether  &t 
twenty  minutes  without  material  injury ;  and  it  is  remarkable  that  so  long 
as  they  possess  this  property,  the  temperature  of  their  bodies  sinks  rapicfly 
by  free  exposure  to  the  air.  But  as  they  grow  older  they  become  able  to 
maintain  their  own  temperature,  and  at  the  same  time  their  power  to  endore 
the  privation  of  oxygen  ceases.  The  same  observation  applies  to  yoang 
sparrows,  and  other  birds  which  are  naked  when  hatched;  whiks  young 
partridges,  which  are  both  fledged  and  able  to  retain  their  own  temperatare 
at  the  period  of  quitting  the  shell,  die  when  deprived  of  oxygen  as  rapidly 
as  an  adult  bird. 

The  first- consistent  theory  of  the  production  of  animal  beat  was  proposed 
by  Dr.  Crawford.  This  tlieory  was  Ibunded  on  the  assumption  that  the  car- 
bonic acid  contained  in  the  breath  is  generated  in  the  lunss,  and  that  its  ior- 
mation  is  accompanied  with  disengagement  of  calorie.  But  since  the  tem- 
perature of  the  lun^fs  is  not  higher  than  that  of  other  internal  organs,  and 
arterial  very  little  if  at  all  warmer  than  venous  blood,  it  follows  that  the 
greater  part  of  the  caloric,  instead  of  becoming  free,  must  in  some  way  or 
other  be  rendered  insensible.  Accordingly,  on  comparing  the  specific  calorie 
of  arterial  and  venous  blood.  Dr.  Crawford  found  the  capacity  of  the  former 
to  exceed  that  of  the  latter  in  the  ratio  of  1030  to  893.  He,  therefore,  in. 
fcrred  tlmt  the  dark  blood  witlun  the  veins,  at  the  moment  of  bein^  arterial- 
ized,  acquires  an  increase  of  insensible  caloric ;  and  that  white  circulating 
through  the  body,  and  gradually  resuming  the  venous  character,  it  sufiers  a 
diminution  of  capacity,  and  evolves  a  proportional  degree  of  heat 

Unfortunately  for  the  hypothesis  of  Crawford,  one  of  the  lead'mg  &cts  oo 
which  it  is  founded  has  been  called  in  question ;  Dr.  Davy  maintaining,  on 
the  authority  of  his  own  experiments,  that  there  is  little  or  no  difference  be- 
tween the  capacity  of  venous  and  arterial  blood.  (Philos.  Trans,  for  1814) 
If  this  be  true,  the  hypothesis  itself  necessarily  falls  to  the  ground.  One 
part  of  the  doctrine  of  Grawford  may,  however,  in  a  modified  form,  be  ap- 
plied to  the  theory  of  respiration  advocated  l>y  Dr.  Edwards.  For  if  oxygen 
be  absorbed  by  the  blood  in  its  passage  through  the  lungs,  and  carbonic  scad, 
ready  formed,  be  emitted  in  return,  it  follows  that  this  ^as  must  be  generated 
during  tlie  course  of  the  circulation ;  and  it  may  be  mferrcd  that  the  beat 
developed  in  consequence  of  tliis  chemical  change  is  at  once  communicated 
to  the  adjacent  organs.  In  this  way  the  question  concerning  the  capacity  of 
the  blood  for  caloric  may  be  entirely  disregarded. 

While  some  physiologists  have  been  disposed  to  refer  the  source  of  animal 
heat  entirely  to  the  alternate  changes  of  venous  to  arterial,  and  of  arterial  to 
vendbs  blocxl,  others  have  denied  its  agency  altogether,  ascribing  the  evolu- 
tion of  caloric  solely  to  the  influence  of  the  nervous  system.  The  chief 
foundation  for  this  opinion  is  in  tlie  experiments  of  Mr.  Brodie,  who  inflated 
the  lungs  of  animals  recently  killed  by  narcotic  poisons  or  division  of  the 
spinal  marrow.  (Phil.  Trans,  for  1811  and  1812.)  In  an  animal  so  treated, 
the  blood  continued  to  circulate,  oxygen  gas  disappeared,  carbonic  acid  was 
evolved,  and  the  usual  changes  of  colour  took  place  with  regularity ;  but 
notwithstanding  the  concurrence  of  all  these  circumstances,  the  temperature 
iell  with  equal  if  not  greater  rapidity  than  in  another  animal  killed  at  the 
same  time,  but  in  which  artificial  respiration  was  not  performed. 

Were  these  experiments  rigidly  exact,  they  would  lead  to  the  opinion  that 
no  caloric  is  evolved  by  the  mere  process  of  arterialization.  This  inference, 
however,  cannot  be  admitted  for  two  reasons :— first,  because  other  physiolo- 
gists, in  repeating  the  experiments  of  Brodie,  have  found  that  the  process  of 
cooling  is  retard^  by  artificial  respiration ;  and,  seeondlr,  because  it  iis  di^ 
ficult  to  conceive  why  the  formation  of  cartwnic  acid,  which  uniformly  ^rrm 
rise  to  increase  of  temperature  in  other  cases,  should  not  be  attended  witiiia 
the  animal  body  with  a  similar  efieot  It  may  hence  be  inferred,  that  this 
IS  one  of  the  sooroes  of  aaiiial  heat.    It  it  certain,  however  ^tfaai  the  baat 
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of  animalB  cannot  be  maintained  by  the  sole  prooesa  of  arterialization.  Con- 
aiatently  with  this  fact,  the.  researcheB  of  Dulong  and  Despretz  agree  in  prov- 
ing, in  opposition  to  the  results  obtained  b)r  Lavoisier  and  Crawford,  that  a 
healthy  animal  imparts  to  surrounding  bodies  a  quantity  of  heat  considera- 
bly greater  than  can  be  accounted  Tot  by  the  combustion  of  the  carbon 
thrown  off  during  the  same  interval  fi'om  the  lungs  in  the  form  of  carbonic 
acid.  (An.  de  Ch.  et  de  Ph.  xxvi.) 

Though  the  influence  of  the  nervous  system  over  the  developement  of 
animal  heat  is  no  longer  doubtful,  physiologists  are  not  agreed  as  to  the 
mode  by  wViich  it  operates.  Its  action  may  either  be  direct  or  indirect ;  that 
is,  the  nerves  may  possess  some  specific  power  of  generating  heat,  or  they 
may  excite  certain  operations  by  which  the  same  effect  is  occasioned.  It  is 
far  from  improbable,  that  the  nerves  act  more  by  the  latter  than  the  former 
mode ;  that  the  infinite  number  of  chemical  phenomena  going  on  in  the  mi- 
nute arterial  branches  during  the  processes  of  secretion  and  nutrition,  pro- 
cesses which  are  entirely  dependent  on  the  nervous  system,  are  attended 
with  disengagement  of  caloric.  This  view  has,  at  least,  been  ably  defended 
by  Dr.  Williams  in  an  essay  published  in  the  Medlco-Chir.  Trans,  of  Edin- 
burgh. (Vol.  ii.) 


SECTION  II. 

SECRETED  FLUIDS  SUBSERVIENT  TO  DIGESTION. 
Saliva. 

The  saliva  is  a  slightly  viscid  liquor,  secreted  by  the  salivary  glands. 
When  mixed  with  distilled  water,  a  flaky  matter  subsides,  which  is  mucus, 
derived  apparently  from  the  lining  membrane  of  the  mouth.  The  clear  so- 
lution,  when  exposed  to  the  agency  of  galvanism,  yields  a  coagulum,  and  is 
hence  inferred  by  Mr.  Brande  to  contain  albumen ;  but  the  quantity  of  this 
principle  is  so  very  small  that  its  presence  cannot  be  demonstrated  by  any 
other  reagent  The  greater  part  of  the  animal  matter  remaining  in  the 
liquid  is  peculiar  to  the  saliva,  and  may  be  termed  salivary  matter.  It  is 
soluble  in  water,  insoluble  in  alcohol,  and,  when  freed  from  the  accompany- 
ing salts,  is  not  precipitated  by  subacetate  of  lead,  corrosive  sublimate,  or 
infusion  of  gall-nuts.  The  saliva  likewise  contains  a  small  quantity  of  ani- 
mal  matter,  which  is  soluble  both  in  alcohol  and  water,  and  which  is  sup- 
posed by  Ticdemann  and  Gmelin  to  be  osmazome. 

The  solid  contents  of  the  saliva,  according  to  Bcrzelius,  do  not  exceed 
seven  in  1000  parts,  the  rest  being  water.  From  the  analysis  of  Tiedemann 
and  Ghnelin,  the  chief  saline  constituent  is  chloride  of  potassium ;  but  seve- 
ral other  salts,  such  as  the  sulphate,  phosphate,  acetate,  and  carbonate  of 
potassa,  are  likewise  present  in  small  quantity.  The  saliva  of  the  human 
subject,  according  to  the  same  authority,  contams  very  little  soda.  The  pro- 
perty which  the  saliva  possesses  of  striking  a  red  colour  with  a  persalt  of 
iron  is  owing  to  sulpho-cvanuret  of  potassium.  This  salt  exists  also  in  the 
saliva  of  the  sheep ;  but  it  has  not  been  found  in  that  of  the  dog.  The  sa- 
liva of  the  sheep  contains  so  much  carbonate  of  soda,  that  it  effervesces 
with  acids. 

The  only  known  use  of  the  saliva  is  to  form  a  soft  pulpy  mass  with  the 
food  during  mastication,  so  as  to  redtice  it  into  a  state  fit  for  being  swal- 
lowed with  facility,  and  for  being  more  readily  acted  on  by  the  juices  of  the 
stomach. 

Concretions  are  sometimes  found  in  the  salivary  glands  and  dttcts.  A  stonef 
ctmtained  in  the  salivary  ghmd  of  an  ass -was  found  by  MvCftventoa  to  con-» 
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UuD  91.6  parts  of  carbonate  of  lime,  4.8  of  phoephate  of  lime,,  and  3.^  of  ani. 
mal  matter.  A  salivary  concretion  of  a  horse  was  found  by  M.  HeDry,  Jqd. 
to  consist  of  carbonate  of  lime  85.52,  carbonate  ot  roagneua  7.56,  phosphate 
of  lime  4.40,  and  2.48  of  animal  matter.  Carbonate  of  lime  is  the  chief  in- 
gredient of  salivary  concretions. 

Pancreatic  Juice, 

This  fluid  is  commonly  supposed  to  be  analogous  to  the  saliva,  hot  it  ap- 
pears from  the  analys  is  of  Ticdemann  snd  Gmelin  that  it  is  essentiallj  dif- 
ferent The  chief  animal  matters  are  albumen,  and  a  substance  like  cord ; 
but  it  also  contains  a  small  quantity  of  salivary  matter  and  osmazome.  li 
reddens  litmus  paper,  owing  to  the  presence  of  free  acid,  which  is  supposed 
to  be  the  acetic.  Its  salts  aro  nearly  the  same  as  those  contained  in  the  sa- 
liva, except  that  sulphocyanic  acid  is  wanting.  The  uses  of  this  fluid  are 
entirely  unknown. 

Gastric  Juice* 

The  gastric  juice,  collected  from  the  stomach  of  an  animal  killed  while 
fasting,  is  a  transparent  fluid  which  has  a  saline  taste,  and  has  neither  an 
acid  nor  alkaline  reaction.  During  the  process  of  digestion,  cm  the  contrary, 
it  is  found  to  be  distinctly  acid.  Thus  free  hydrochloric  acid  was  detected 
under  these  circumstances  bv  Dr.  Prout  in  the  stomach  of  the  rabbit,  hare, 
horse,  calf,  and  dog  (Phil.  Trans.  1824) ;  and  he  has  discovered  the  same 
acid  in  the  sour  matter  ejected  from  the  stomach  of  persons  labouring  under 
indigestion,  a  fact  which  has  since  been  confirmed  by  Mr.  Children.  Tiede^ 
mann  and  Gmelin  observed  that  the  secretion  of  acid  commences  as  soon  as 
the  stomach  receives  the  stimulus  of  food  or  anj  foreign  body.  This  effect 
is  occasioned,  for  example,  by  the  presence  of  flint  stones  or  other  indigesti- 
ble matters ;  but  it  is  produced  in  a  still  greater  degree  by  substances  of  a 
stimulating  nature.  According  to  their  observation  the  acidity  is  owing  to 
the  secretion  of  free  hydrochloric  and  acetic  acids. 

The  gastric  juice  coagulates  milk,  apparently  in  consequence  of  the  acid 
secreted  during  difrestion.  According  to  the  experiments  of  Spailanzani  and 
Stevens  it  is  highly  antiseptic,  not  only  preventing  putrefaction,  but  render- 
ing meat  fresh  after  it  is  tainted.  But  of  all  the  properties  of  the  gastric 
juice,  its  solvent  virtue  is  the  most  remarkable,  being  that  on  which  depends 
the  first  stage  of  the  process  of  digestion.  When  tlio  food  is  introduced  into 
the  stomach,  it  is  there  intimately  mixed  .with  the  gastric  juice,  by  the 
agency  of  which  it  is  dissolved,  and  converted  into  a  semifluid  matter  called 
^ymt.  That  this  change  is  really  owing  to  Uie  solvent  power  of  the  gastric 
juice  fully  appears  from  the  researches  of  Spailanzani,  Reaumur,  and  Stevens. 
In  the  experiments  of  Dr.  Stevens,  described  in  his  Inaugural  Dissertation, 
the  common  articles  of  food  were  enclosed  in  hollow  silver  spheres  perfi»> 
rated  with  holes,  and  after  remaining  for  some  time  within  the  stomach, 
completely  protected  from  pressure  and  trituration,  the  alimentary  sub- 
stances were  found  to  have  been  entirely  dissolved.  A  similar  efiect  takes 
place  when  nutritious  matters,  out  of  the  body,  are  mixed  with  the  gastric 
fluid,  and  the  mixture  is  exposed  to  a  temperature  of  100^.  So  great,  in- 
deed, is  the  solvent  power  of  this  fluid,  that  it  has  been  known  to  dissolve 
the  coals  of  the  stomach  itself;  at  least  the  corrosions  of  this  organ  some- 
times witnessed  in  persons  who  have  died  suddenly  while  fiisting,  and  in 
good  health,  were  ascribed  by  the  celebrated  physiologist,  John  Hunter,  to 
Uiis  cause.  That  the  agent  here  assigned  is  adequate  to  produce  such  an 
eflfect,  has  been  fully  proved  bv  my  colleague.  Dr.  Carswell.  (Eklin.  Med. 
and  Surg:.  Journal,  October,  1830.)  Rabbits  were  killed  by  a  blow  on  the 
head  during  digestion,  and  then  suspended  for  some  hours  by  the  hinder 
legs.  The  most  dependent  parts  of  the  stomach,  to  which  thle  fluids  had 
gravitated,  were  invariably  more  or  less  dissolved:  in  womo  cases  the  tez- 
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tnrot'Were  thin,  white,  soft,  and  pnlpjr;  uid  in  othen,  eompleta  perforation* 
existed,  and  the  contiguous  viscera  were  attacked.  The  Uood  in  the  vessels 
of  the  corroded  part  was  black  and  more  or  less  coagulated,  an  effect  analo- 
gous to  that  produced  by  an  add.  The  corroding  fluid,  as  during  healthy 
digestion,  was  strongly  acid ;  and  this  acid  liquor,  taken  from  the  stomach 
of  one  rabbit  and  introduced  into  that  of  another  previously  killed,  produced 
corrosion. 

Great  diversity  of  opinion  has  prevailed  respecting  the  cause  of  the  sot- 
vent  property  of  the  gastric  fluid.  It  was  formerly  ascribed  to  some  specific 
power,  and  was  thought  to  be  inexplicable  on  any  known  chemical  princi- 
ples ;  but  the  more  precise  observation  of  recent  experimentalists  has  re- 
moved  one  great  part  of  the  mystery.  Tiedomann  and  Gmelin  directly 
ascribe  the  solvent  action  of  the  gastric  juice  to  the  acid  which  it  contains  ^ 
they  found  healthy  digestion  to  be  invariably  attended  with  the  secretion  of 
hydrochloric  and  acetic  acids,  and  ascertained  that  these  acids,  at  the  tem- 
perature of  the  body,  are  capable  of  dissolving  all  the  digestible  substances 
employed  as  food.  Similar  remarks  on  the  invariable  connexion  between 
the  acidity  and  solvent  power  of  the  gastric  fluids  have  been  made  by  Dr.. 
Carswell,  who  informs  me  of  the  additional  decisive  fact,  that  on  neutralixinff 
the  gastric  juice  with  magnesia,  its  solvent  property  was  destroyed.  It- 
would  tl^os  seem  that  the  stimulus  of  food  causes  the  neutral  salts  of  the 
blood  circulating  in  the  stomach  to  be  decomposed,  either  hy  a  purely  vital 
wocess,  or,  as  Dr.  Front  suggests,  by  a  galvanic  operation  (Bridgewater 
Treatise) ;  that  the  alkali  remains  in  the  blm,  causing  the  alkalinity  of  that 
Uqttid ;  and  that  the  acids,  passing  into  the  stomach,  mssolve  the  food. 

Bik. 

The  bile  is  a  yellow  or  greenish-yellow  coloured  fluid,  of  a  peculiar  sick' 
^ng  odour,  and  of  a  taste  at  first  sweet  and  then  bitter,  but  exoecdmgly 
nauseous.  Its  consistence  is  variable,  being  sometimes  limpid,  but  more 
commonly  viscid  and  ropy.  It  is  rather  denser  than  water,  and  may  bo 
mixed  with  that  liquid  in  every  proportion.  It  contains  a  minute  quantity  of 
free  soda,  and  is,  therefore,  slightly  alkaline ;  but  owing  to  the  colour  of  the 
bile  itself,  its  action  on  test  paper  is  scarcely  visible. 

Of  the  chemists  who  have  of  late  years  investigated  the  composition  of  the 
bile,  Thenard,  Beraelius,  Tiedemann,  and  Gmeiin  deserve  particular  men. 
tion.  In  an  elaborate  essay  published  in  the  Mtmoires  d'Areueil^  vol.  i. 
Thenard  endeavoured  to  show  that  the  bile  of  the  ox  consists  of  three  dis. 
tinot  animal  principles,  a  yellow  colouring  matter,  a  species  of  rosin,  and  a 
peculiar  substance,  to  which,  froqi  its  sweetish  bitter  taste,  he  applied  the 
name  of  piermnel.  According  to  his  analysis,  800  parts  of  bile  consist  of 
water  700  parts,  resin  15,  picromel  69,  yellow  matter  about  4,  soda  4,  phos- 
phate of  soda  2,  muriates  of  soda  and  potassa  3.5,  sulphate  of  soda  0.8,  phos- 
phate of  lime  and  perhaps  magnesia  li2,  and  a  trace  of  oxide  of  iron.  He 
supposed  the  resin  to  be  combined  with  the  picromel  and  soda,  and  ascribes  , 
its  solubility  in  water  to  this  cause. 

Berzelius  takes  a  totally  different  view  of  the  constitution  of  the  bile.  Ho 
denies  that  this  fluid  contains  any  resinous  principle,  and  regards  the  yel- 
low matter,  resin,  and  picromel  of  Thenard,  as  one  and  the  same  substance, 
to  which  he  applies  the  name  of  bUiary  matter,  (Medico-Chir.  Trans,  iii.) 
Tiedemann  and  Gmelin,  however,  in  their  recent  work  on  Digestion,  admit 
the  existence  of  pfbromel  and  resin  as  the  chief  constituents  of  bile;  although 
it  appears  from  their  experiments  that  the  substance  described  by  Thenard 
as  j^cromel  was  not  pure,  but  contained  a  portion  of  resin.  According  to 
the  analysis  of  tlicse  chemists,  the  bile  of  the  ox  is  a  very  complex  fluid, 
consisting  of  the  following  ingredients :— water  to  the  extent  of  91.5  per 
cent.;  a  volatile  odoriferous  principle;  cholesterinc ;  resin;  asparagin;  pi* 
cromel ;  yellow  colouring  matter ;  a  peculiar  azotixed  substance  soluble  in 
water  and  alcohol;  a  substance  w^-  hot  aloohol,but  insoltw 
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ble  in  water,  BUppoted  to*  be  gluten  ^  ouaumame;  a  principle  which  emits  a 
orinons  odour  when  lieated ;  a  substance  analogous  to  albumen  or  caseous 
matter;  and  macus.  The  salts  of  the  bik  are  the  margarate,  oleate,  acetate, 
cAoIole,  bicarbonate,  phosphate,  sulphate,  and  hjdrochlorate  of  soda,  together 
with  a  little  phosphate  of  lime.  The  ciufUe  is  a  peculiar  animal  add,  which 
orfstallizes  in  needles,  reddens  litmus  paper,,  and  is  distmguished  from 
analogous  compounds  by  having  a  sweet  taste. 

The  flaky  precipitate  which  is  occasioned  by  adding  acids  to  bOe  from  the 
ox,  consists  of  several  substances.  At  first  the  caseous  and  colooring  mat- 
ten,  along  with  mucus,  are  thrown  down ;  and,  afterwards,  the  maigaric 
aeid  and  a  compound  of  picromel  and  resin  with  the  acid  employed  are  pre- 
cipitated.  Whon  acetate  of  lead  is  mixed  with  this  fluid,  a  white  precipU 
taie  falls,  which  consists  of  oxide  of  lead  combined  with  the  phosphoric,  soU 
phuric,  and  several  other  acids,  together  with  a  small  quantity. of  the 
compound  of  picromel  and  resin.  On  adding  subacetate  of  lead  to  the  clear 
liquid,  a  copious  precipitate  ensues,  consisting  chiefly  of  picromel,  resin,  and 
oxide  of  lead.  If  this  compound  be  suspended  in  water,  through  which  a 
current  of  hydrosulphuric  acid  gas  is  transmitted,  sulphuret  of  lead  and  the 
resin  subside,  while  the  picromel  remains  in  solution.  By  collecting  and 
drying  the  precipitate,  and  di^sting  it  in  alcohol,  the  resin  m  dissolved,  and 
tnav  be  obtained  by  evaporation.  The  aqueous  solution,  when  evaporated, 
yields  tlie  picromel  of  Thenard ;  but  according  to  Tiedemann  and  Gmelin, 
it  still  contains  a  portion  of  resin.  The  chief  difficulty,  indeed,  of  preparing 
pure  picromel  arises  from  its  tendency  to  dissolve  the  resin;  and  the  only 
mode  of  separation  is  by  throwing  them  down  repeatedly  by  means  of  sub- 
acetate  of  lead.  By  this  process  the  affinity  of  the  picromel  and  resin  for 
each  other  is  gradually  lessened,  until  at  length  the  separation  is  rendered 
complete. 

Pure  pieromel  occurs  in  opaque,  rounded,  crystalline  particles,  is  soluble 
in  water  and  alcohd,  but  is  insoluble  in  ether.  Its  taste  is  sweet  witl^ont 
any  bitterness ;  but  it  cannot  be  regarded  as  a  species  of  sugar,  because  a 
large  quantity  of  nitrogen  enters  into  its  composition.  Its  aqueous  solution 
is  not  precipitated  by  acids,  nor  by  acetate  and  subacetate  of  lead.  When 
digested  with  the  resin  of  bile,  a  portion  of  the  latter  is  dissolved,  and  a 
solution  is  obtained,  which  has  both  a  bitter  and  sweet  taste,  and  yields  a 
precipitate  with  subacetate  of  lead  and  the  stronger  acids.  This  is  the  com- 
pound which  causes  the  peculiar  taste  of  the  bile. 

The  bile  of  the  human  subject  has  not  been  studied  so  minutely  as  that  of 
the  ox.  According  to  Thenard  it  consists,  besides  salts,  of  water,  qolouring 
matter,  albumen,  and  a  species  of  resin.  Chevallier  has  since  detected  picro- 
mel, and  Chevreul  cholesterine,  in  human  bile ;  and  both  these  discoveries 
have  been  confirmed  by  the  observations  of  Tiedemann  and  Gmelin. 

The  derangement  which  takes  place  in  the  system  when  the  secretion  of 
bile  or  its  passage  into  the  intestines  \a  arrested,  is  a  sufficient  indication  of 
the  importance  of  this  fluid.  It  acts  as  a  stimulus  to  the  intestinal  canal 
generally,  and  produces  on  the  diymc  some  peculiar  change^  which  is  essen- 
tial  to  its  conversion  into  chyle. 

Biliary  ConcretiofiSi 

The  concretions  which  are  Bometimes*formed  in  the  human  gall.blfidder 
have  been  particularly  examined  by  Fourcroy,  Thenard,  and  ChevreuL  Four- 
croy  found  that  they  consist  chiefly  of  a  peculiar  fatty  niltter,  rqsembling 
spermaceti,  which  he  included  under  the  name  ofadipoeire  (page  600) ;  and 
the  experiments  of  Thenard  tended  to  confirm  this  view.  According  to 
Chevreul,  however,  biliary  concretions  in  general  are  composed  of  the  ycuow 
colouring  matter  of  the  bile  and  cholsterine,  the  latter  predominating,  and 
being  sometimes  in  a  state  of  purity;  and  I  have  had  frequent  opportunities 
of  saiis^inff  myself  of  the  accuracy  of  this  observation.  These  substances 
^y  easily  be  separated  from  each  other  by  boiling  alcohol,  which  diasdvea 
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the  cholesleriiie,  and  leaves  the  colouring  matter;  or  by  digestion  in  dilute 
potaasa,  in  which  the  colouring  matter  is  dissolved,  while  the  cholesterine  is 
insoluble. 

Gall-stones  sometimes  contain  a  portion  of  inspissated  bile ;  and  in  some 
rare  instances  the  cholesterine  is  entirely  wanting. 

The  concretions  found  in  the  gall-bladder  of  the  oz  consist  almost  entirely 
of  the  yellow  biliary  colouring  matter,  which,  from  the  beauty  and  perma- 
nence of  its  tint,  is  much  valued  by  painters.  This  substance  is  readily  dis- 
tinguished  by  its  yellow  or  brown  colour,  by  insolubility  in  water  and  alco- 
hol, and  by  being  readily  dissolved  by  a  solution  of  potassa.  The  solution 
has  at  first  a  yellowish.brown  colour,  which  gradually  acquires  a  green 
tint,  and  is  precipitated  in  green  flocks  by  hydrochloric  acid.  According  to 
the  observations  of  Tiedemann  and  Gmelin,  the  colouring  matter  is  influ- 
enced by  the  presence  of  oxygen  gas.  The  yellowish  precipitate,  occasioned 
by  adding  hydrochloric  acid  to  bile,  absorbs  oxygen  by  exposure  to  the  air,  and 
its  colour  changes  to  green.  The  action  of  nitric  acid  is  still  more  remark- 
able. By  successive  additions  of  this  acid,  the  tint  of  the  colouring  matter 
may  be  converted  into  green,  blue,  violet,  and  red,  in  the  course  of  a  few 
seconds. 

Eryikrogen, — This  substance  was  discovered  in  1821  by  M.  Bizio  of  Venice 
in  a  peculiar  fluid,  quite  diflcrent  from  bile,  wliich  was  found  in  the  gall- 
bladder of  a  i)erson  who  had  died  of  jaundice.  It  is  of  a  green  colour,  trans- 
parent, tasteless,  and  of  the  odour  of  putrid  fish.  It  is  unctuous  to  the  touch, 
may  be  scratched  or  cut  with  facility,  and  has  a  specific  gravity  of  1.57. 
It  docs  not  aficct  the  colour  of  litmus  or  turmeric  paper.  At  110^  it  fuses, 
having  the  appearance  of  oil,  and  crystallizes  when  slowly  cooled ;  and  at 
122^  it  rises  in  the  form  of  vapour.  It  is  insoluble  in  water  and  ether,  but 
is  dissolved  readily  by  hot  alcohol ;  and  the  solution,  by  partial  evaporation 
and  cooling,  yields  crystals  in  the  form  of  rhomboidol  parallelopipcdons. 

When  crythrogen  is  put  into  nitric  acid  of  the  temperature  of  about  120 
or  140^  its  green  tint  disappears,  eflervescence,  owing  to  the  escape  of  oxy- 
gen gas,  ensues,  and  the  solution  acquires  a  deep  purple  colour.  A  similar 
phenomenon  takes  place,  with  disengagement  of  hydrogen  ^s,  when  crythro- 
gen is  digested  in  a  solution  of  ammonia ;  and  when  volatilized  in  the  open 
air,  it  yields  a  purple-coloured  vapour.  M .  Bizio  is  of  opinion  that  the  crythro- 
gen, under  all  tliese  circumstances,  unites  with  nitrogen,  and  that  the  pro- 
duct is  identical  with  the  colouring  matter  of  the  hlood.  The  production  of 
the  red  compound  is  characteristic  of  erythrogen,  and  suggested  the  name 
by  which  this  substance  is  designated.  (E^t;Ggor,  ruber).  (Journal  of  Science, 
vol.  xvi.) 

Ery throgen  has  not  been  discovered  either  in  bile  or  in  any  of  the  animal 
fluids. 


SECTION  III. 

CHYLE,  MILK,  AND  EGGS. 

Chyle. — ^Tbv  fluid  absorbed  by  the  lacteal  vessels  from  the  smaU  intes- 
tines during  the  process  of  digestion  ts  known  by  the  name  of  chyle.  Its 
appearance  varies  in  different  animals ;  but  as  collected  from  the  thoracic 
duct  of  a  mammiferous  animal  three  or  four  hours  afler  a  meal,  it  is  a  white 
o]NU}uc  fluid  like  milk,  having  a  sweetish  and  slightly  saline  taste.  In  a  few 
minutes  after  removal  from  the  duct  it  becomes  solid,  and  in  the  course  of 
twenty-four  hours  separates  into  a  firm  coasrulum,  and  a  limpid  liquid,  which 
may  be  called  the  serum  of  the  chyle.  The  coagulum  is  an  opaque  white 
snbstance,  of  a  slightly  pink  hue*  msohiUe  in  water,  bvt  sokible  eaiily  in 


the  alkaliea  and  alkaline  carbonates.  Vaaqadin*  renrda  it  aa  fibrin  in  an 
imperfect  state,  or  as  intermediate  between  that  principle  and  albumen ;  b«t 
Mr.  firandet  oonaidera  it  more  doselj  allied  to  the  caseous  matter  of  milk 
than  to  fibrin. 

The  serum  of  chyle  is  rendered  turbid  by  beat,  and  a  few  flakes  of  alba- 
men  are  deposited ;  but  when  boiled  after  being  mixed  with  acetic  acid,  a 
copious  precipitation  ensues.  To  this  substance,  which  thus  differs  slightly 
fit>m  albumen,  Dr.  Prout  has  applied  the  name  of  ineiinent  albumen.  The 
same  chemist  has  made  a  comparative  analysis  of  the  chyle  of  two  dogs,  one 
of  which  was  fed  on  animal  and  the  other  on  vegetable  substances,  and  the 
result  of  his  inquiry  is  as  follows : — (Annals  of  rhilos.  voL  xiiL  p.  25.) 

Vegetable  Animal 

Food.  Food. 

Water 93.6  89^ 

Fibrin 0.6  0.8 

Incipient  albumen  ?          .            .                        .4.6  4.7 

Albumen  with  a  little  red  colouring  matter               0.4  46 

Sugar  of  milk  ?    .            .            .            .            a  trace  — 

Oily  matters         .            .            r           .           a  trace  a  trace 

Saline  matters      .....      0.8  0.7 

100.0     «     100.0 


Milk, — ^This  well-known  fluid,  secreted  by  the  females  of  the  clai 
malia  for  the  nourishment  of  their  young,  consists  of  three  distinct  parts, 
the  cream,  curd,  and  whey,  into  which  by  repose  it  spontaneously  separatea 
The  cream,  which  collects  upon  its  surface,  is  an  unctuous  yellowish-white 
opaque  fluid,  of  agreeable  flavour.  According  to  Berzelius  100  parts  of 
cream,  of  specific  gravity  1.0244,  consist  of  butter  4.5,  caseous  matter  3A 
and  whey  92.  By  agitation,  as  in  the  process  of  churning,  the  better  as- 
sumes the  solid  form,  and  is  thus  obtaineid  in  a  separate  state.  During  the 
operation  there  is  an  increase  of  temperature  amounting  to  about  three  or 
four  degrees,  oxygen  gas  is  absorbed,  and  an  acid  is  generated ;  but  the  ab- 
sorption of  oxygen  cannot  be  an  essential  part  of  the  process,  since  butter 
may  be  obtain^  by  churning,  even  when  atmospheric  air  is  entirely  ex. 
eluded. 

After  the  cream  has  separated  spontaneously,  the  milk  soon  becomes  sour, 
and  gradually  separates  into  a  solid  coagulum  called  curd,  and  a  limpid  fluid 
which  is  whey.  This  coagulation  is  occasioned  by  free  acetic  acid,  and  it 
may  be  produced  at  pleasure  either  by  adding  a  free  acid,  or  by  means  of 
the  fluid  known  by  the  name  of  rennet,  which  is  made  by  infusing  tlie  inner 
coat  of  a  calPs  stomach  in  hot  water.  When  an  acid  is  employed,  the  curd 
is  found  to  contain  some  of  it  in  combination,  and  may,  therefore,  be  re* 
garded  as  an  insoluble  compound  of  an  acid  with  the  caseous  matter  of  milk. 
The  action  of  rennet  requires  further  examination :  it  confessedly  acts  by 
means  of  the  gastric  fluid  which  it  contains,  and  hence  its  coagulating  power, 
consistently  With  the  facts  stated  in  the  Ust  section,  is  referable  to  the  aci- 
dity of  that  juice. 

The  curd  of  skim  milk,  made  by  means  of  rennet«  and  separated  from 
the  whey  by  washing  with  water,  is  generally  considered  to  be  eaaeout  mat- 
ter, or  the  basis  of  cheese  in  a  state  of  purity.  In  this  state  it  is  a  white, 
inaipid^  inodorous  substance,  insoluble  in  water,  but  readily  soluble  in  the 
alkalies,  specially  in  ammonia.  By  alcohol  it  is  converted,  like  albumen 
and  fibrin,  into  an  adipocirous  substance  of  a  fetid  odour ;  and,  like  the 
•ame  substance,  it  may  be  dissohred  by  a  sufficient  quantity  of  acetic  acid. 


•  An.  de  Ch.  voL  xxxi. 
tPhiloa.  Trans,  lor  1819; 
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firtoonnot  maintains  that  caaeum,  in  ita  coagulated  itate,  is  alwaya  com- 
bined with  some  foreiffn  Bubstance,  generally  an  earthy  salt  or  an  acid«  on 
which  its  insolubility  Spends;  and  that  when  pure,  it  is  soluble  both  in  hot 
and  cold  water,  is  not  coagulated  either  by  heat  or  air,  and  when  concen- 
trated becomes  viscid  like  mucilage,  being  so  highly  adhesive  that  it  may 
be  usefully  employed  as  a  cement  Soluble  caseum  may  he  obtained  from 
curd,  spontaneously  formed  in  milk  as  it  becomes  sour,  m  which  state  it  is 
combined  with  acetic  acid,  by  washing  the  curd,  and  digesting  it  with 
water,  to  which  so  much  carbonate  of  potassa  is  added  as  is  sufficient  to 
unite  with  the  acetic  acid.  Acetate  of  potassa  is  generated  with  disengage- 
ment of  carbonic  acid,  and  the  caseum  is  dissohed.  In  order  to  separate  it 
from  the  accompanying  acetate,  the  solution,  after  separating  the  cream 
which  collects  on  its  surface  by  repose,  is  mixed  with  a  little  siuphuric  acid, 
and  the  precipitated  sulphate  of  caseum,  carefully  washed,  is  dissolved  in 
water  by  means  of  the  smallest  possible  quantity  of  carbonate  of  potassa. 
If  alcohol  Is  then  freely  employed,  the  caseum  itself  is  thrown  down ;  but  if 
the  solution  is  mixed  with  about  its  own  volume  of  alcohol,  a  deposite  of 
sulphate  of  potassa  with  some  curd  and  cream  takes  place,  and  the  filtered 
liquor  contains  caseum  in  a  state  of  great  purity. 

Caseum,  as  thus  prepared,  still  contains  a  little  potassa ;  but  Braconnot 
considers  its  solubility  as  not  dependent  on  the  presence  of  the  alkali. 
When  evaporated  to  dryness  it  forms  a  diaphanous  mass  which  strongly  re- 
sembles gum-arabic,  may  be  long  preserved  without  change,  and  still  retains 
its  solubuity  in  water.  It  has  an  acid  reaction,  and  combines  readily  with 
the  alkalies,  forming  very  soluble  compounds.  With  other  metallic  oxides, 
as  well  as  with  tlicir  salts,  it  forms  sparingly  soluble  compounds.  Its  affi- 
nity for  acids  is  equally  marked,  and  it  is  precipitated  by  all  the  mineral 
acids,  except  the  phosphoric.  Braconnot  conceives  that  soluble  caseum  may 
be  advantageously  employed  in  a  commercial  point  of  view.  Its  adhesive- 
ness fits  it  as. a  cement  for  glass,  porcelain,  wood,  and  paper.  Its  solution, 
flavoured  with  sugar  and  aromatics,  may  be  serviceable  to  convalescents  as 
an  article  of  food.  It  may  be  taken  in  its  dry  state  in  long  voyages,  form- 
ing together  with  water,  butter,  and  sugar,  an  excellent  substitute  for  milk. 
(An.  de  Ch.  et  de  Ph.  xUiiTSa?.) 

Caseum  is  commonly  considered  to  have  a  close  resemblance  to  animal 
albumen,  and  the  analogy  is  supported  by  its  being  coagulated  by  acids.  In 
other  respects,  if  the  remarks  of  Braconnot  prove  correct,  it  resembles  gum 
rather  than  slbumeo.  It  diffisrs  from  both,  however,  in  the  nature  of  the 
spontaneous  changes  to  which  it  is  subject ;  for  when  kept  in  a  moist  state, 
it  undergoes  a  species  of  fermentation  precisely  analogous  to  that  expe- 
rienced by  gluten  under  the  same  circumstances  (page  568).  Tlie  accuracy 
of  the  remarks  made  by  Proust  on  this  subject  has  been  questioned  by  Bra- 
connot (Brewster's  Journal,  viii.  369).  The  latter  states  that,  in  his  experi- 
ments, the  curd  from  spontaneouslv  coagulated  skim  milk,  covered  with 
water,  and  kept  at  a  temperature  of  about  75^,  underwent  complete  putre- 
fiiction  in  the  space'  of  a  month.  The  soluble  parts  were  then  filtered,  and 
by  evaporation  yielded  a  product  of  a  very  fetid  odour,  acetate  of  ammonia, 
and  acetic  acid.  The  residue,  after  being  reduced  to  the  consistence  of 
syrup,  concreted  on  cooling  into  a  granulated  reddish  mass  like  honey,  but 
of  a  saline  bitter  taste,  and  was  separated  by  the  action  of  alcohol  into  two 
parts,  one  soluble  and  the  other  insoluble.  The  former  is  the  caseate  of 
ammonia  of  Proust,  and  the  latter  is  his  caseous  oxide. 

In  order  to  obtain  caseous  oxide  quite  pure,  it  must  be  washed  carefully 
with  alcohol,  treated  with  animal  charcoal,  and  dissolved  rei)eatedly  In  boil- 
ing water,  fi>om  which  it  is  separated  by  evaporation.  In  this  state  it  is  a 
beautiful  white  powder,  inodorous,  and  of  a  slightly  bitter  taste.  It  is 
heavier  than  water,  and  soluble  in  14  parts  of  that  fluid  at  12^.  On  allow- 
ing the  solution  to  evaporate  spontaneously,  it  crystallizes  either  in  the  form 
of  elecfant  dendritic  ramifications,  or  in  rings  composed  of  delicate  acicular 
crystuB  of  a  silky  lustre. 
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GueooB  oxide  u  almort  entirely  insolable  even  in  boifingr  bIcqIioL  Its 
•queoitt  solution  yields  a  white  flaky  precipitate  with  inftision  of  gall-niits^ 
solable  in  excess  of  the  precipitant ;  and  snbacetate  of  lead  likewise  throws 
down  a  white  precipitate.  The  crystals,  if  suddenly  heated,  volatilize  with- 
out chang'e ;  bat  if  the  heat  is  gradually  raised,  decomposition  ensues,  and 
a  large  quantity  of  carbonate  and  hydrosulphate  of  ammonia  is  generated. 
When  s^ongly  heated  in  open  yessels  it  takes  fire,  and  boms  with  flame 
without  residue. 

The  composition  of  caseous  oxide  has  not  been  determined,  hot  f^om  the 
facility  with  which  "•  aqueous  solution  putrefies,  Braconnot  regards  it  as  a 
highly  azotized  anir  al  principle.  It  contains  sulphur  also.  He  beIieT«8  it 
to  M  a  product  of  the  putrefaction  of  all  animal  substances,  and  proposes  for 
it  the  name  of  apoaepedine,  from  ato  and  vn^ttmf^  result  of  putrefaction,  as 
more  appropriate  than  caseous  oxide. 

Braconnot  denies  the  existence  of  caseic  acid.  Proust's  caseate  of  am- 
monia  consists  of  various  substances,  such  as  free  acetic  acid,  aposepedine, 
animal  matter,  resin,  several  salts,  and  a  yellow  pungent  oil,  which  is  the 
chief  cause  of  the  pungency  of  old  cheese. 

From  750  parts  of  curd  completely  putrefied  were  obtained  36  of  dry 
matter  insoluble  in  water.  These  consisted  of  14.92  parts  of  margarate  of 
lime,  3.57  of  margaric  acid,  and  18.51  of  oleic  acid,  retaining  margaric  acid 
and  a  brown  animal  matter. 

According  to  the  analysis  of  Gay-Lussac  and  Tbenard,  100  parts  of  the 
caseous  matter  are  eomposed  of  carbon  59.781,  hydrogen  7.4^1>,  oxjgoi 
11.409,  and  nitrogen  21.381.  It  yields  by  incineration  a  white  ash  amount- 
ing to  6.5  per  cent  of  its  weight,  the  greater  part  of  which  is  phosphate  of 
lime,  a  circumstance  whicli  renders  caseous  matter  an  article  of  food  pecu- 
liarly proper  for  yoang  animals. 

Milk  carefully  deprived  of  its  cream  has  a  specific  gravity  of  about  1.033; 
and  1000  parts  of  it,  according  to  Bcrzclius,  are  thus  constituted : — ^witer 
928.75,  caseous  matter  with  a  trace  of  butter  28;  sugar  of  milk  35;  muriate 
and  phosphate  of  potassa  1.95;  lactioacid,  acetate  of  potassa,  and  a  trace 
of*  lactate  of  iron  6,  and  earthy  phosphates  0.3r  Subtracting  the  caseous 
matter,  the  remaining  substances  constitute  whey. 

Eggs. — ^The  composition  of  the  recent  egg  and  the  changes  which  it  un- 
dergoes during  the  process  of  incubation  have  been  ably  investigated  by  Dr. 
Prout  (Phil.  Trans,  for  1822).  New-laid  eggs  aro  rather  heavier  than 
water ;  but  they  become  lighter  afler  a  time,  in  consequence  of  water  evapo- 
rating through  the  pores  of  tiie  shell,  and  air  being  substituted  for  it  An 
egg  of  ordinary  size  yields  to  boiling  water  about  three-tenths  of  a  grain  of 
sahne  matter,  consisting  of  the  sulphates,  carbonates,  and  phosphates  of 
linye  and  magnesia,  together  with  animal  matter  and  a  little  free  alkali. 

Of  an  egg  which  weighs  1000  grains,  the  shell  constitutes  106.9,  the 
white  604.2,  and  the  yelk  288.9  grains.  The  shell  contains  about  two  per 
cent  of  animal  matter,  one  per  cent,  of  the  phosphates  of  lime  and  mag- 
nesia, and  the  residue  is  carbonate  of  lime  with  a  little  carbonate  of  mag- 
nesia. 

When  the  yelk  of  a  hard-boiled  egg  is  repeatedly  digested  in  alcohol  of 
specific  gravity  0.807,  until  that  fluid  comes  off  colourless,  there  remains  a 
white  pulverulent  residuum,  possussed  of  many  of  the  properties  of  albumen, 
but  distinguished  from  that  principle  by  containing  a  large  quantity  of 
phosphorus  in  some  unknown  state  of  combination.  The  alcoholic  solution 
is  of  a  deep  yellow  colour,  and  on  cooling  depositee  crystals  of  a  sebaceous 
matter,  and  a  portion  of  yellow  semi-fluid  oil.  On  distilling  off  the  alcohol, 
the  oil  is  lefl  in  a  separate  state.  When  the  yelk  is  dried  and  burned,  the 
phoephorus  is  converted  into  phosphoric  acid,  which,  melting  into  a  glass 
upon  the  surface  of  the  charcoal,  protects  it  from  complete  combustion. 
In  the  white  of  the  egg^  which  consists  chiefly  of  albumen,  sulphur  is 
present 

The  obvious  use  of  the  phosphorus  contained  in  the  ydk  is  to  supply 
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phosphoric  acid  for  forming  the  bones  of  the  chick ;  but  Dr.  Prout  was  un. 
able  to  discoTer  any  source  of  the  lime  with  which  that  acid  unites  to  form 
the  earthy  part  of  bone.  It  cannot  be  discovered  in  the  soft  parts  of  the 
egg ;  and  hitherto  no  vascular  connexion  has  been  traced  between  the  chick 
and  its  shell. 


SECTION  IV. 


LIQUIDS  OF  SEROUS  AND  MUCOUS  SURFACES,  &c. 

The  suHaoe  of  the  cellular  membrane  is  moistened  with  a  peculiar  limpid 
transparent  fluid  called  lymph,  which  is  in  very  small  quantity  during  liealtb, 
but  collects  abundantly  in  some  dropsical  affections.  Mr.  Brande  collected 
it  from  the  thoracic  dact  of  an  animal  which  had  been  kept  without  food  for 
twenty  .four  hours.  Its  chief  constituent  is  water,  besides  which  it  contains 
muriate  of  soda-  and  albumen,  the  latter  being  in  such  minute  quantity  that 
it  is  coagulated  only  by  the  action  of  galvanism.  Lymph  does  not  affect  the 
colour  of  test-paper ;  but  when  evaporated  to  dryness,  the  residue  gives  a 
green  tint  to  the  syrup  of  violets. 

The  fluid  secreted  by  serous  membranes  in  general,  such  as  the  pericar-. 
dium,  pleura,  and  peritoneum,  is  very  similar  to  lymph.  According  to  Dr. 
Bostock,  100  parts  of  the  liquid  of  the  pericardium  consist  of  water  92  parts, 
albumen  5.5,  mucus  2,  and  muriate  of  soda  0.5.  The  serous  fluid  exhaled 
within  the  ventricles  of  the  brain  in  hydroeephaluB  intemus  is  composed,  in 
1000  parts,  of  water  988.3,  albumen  L66,  muriate  of  potassa  and  soda  7.09, 
lactate  of  soda  and  its  animal  matter  2.32,  soda  0.28,  and  animal  matter  so- 
luble only  in  water,  with  a  trace  of  phosphates,  0.35.  (Berzelius,  in  Medico- 
Chir.  Trans,  vol.  iii.  p.  252.)  ' 

The  liquor  of  the  amnioo,  or  the  fluid  contained  in  the  membrane  which 
surrounds  the /of  us  in  utero,  differs  in  different  animals.  That  of  the  hu- 
man  female  was  found  by  Vauquelin  and  Buniva  to  contain  a  small  quantity 
of  albamen,  soda,  muriate  of  soda,  phosphate  and  carbonate  of  lime,  and  a 
matter  like  curd  which  gives  it  a  milky  appearance.  That  of  the  cow  was 
said  by  the  same  chemists  to  contain  a  peculiar  acid,  which  has  since  been 
recognized  as  belonging  to  the  allantois  (page  596).  Dr.  Proot  found  some 
suffar  of  milk  in  the  amnios  of  a  woman.  (An.  of  Phil.  v.  417.) 

Humours  of  the  Eye. — The  aqueous  and  vitreous  humours  of  the  eye  con- 
tain rather  more  than  80  per  cent  of  water.  The  other  constituents  are  a 
small  quantity  of  albumen,  muriate  and  acetate  of  soda,  pure  soda,  though 
scarcely  sufficient  to  affect  the  colour  of  test'paper,  and  animal  matter  solu- 
ble only  in  water,  but  which  is  not  gelatin.  (Berzelius.)  The  crystalline  lens, 
besides  the  usual  salts,  contains  36  per  cent  of  a  peculiar  animal  matter, 
very  analogous  to  albumen  if  not  identical  with  it  In  cold  water  it  is  so- 
luble, but  is  coagulated  by  boiling.  The  coagulum,  according  to  Berzelius, 
has  all  the  properties  of  the  colouring  matter  of  the  blood  excepting  its 
colour. 

The  tears  are  limpid  and  of  a  saline  taste,  dissolve  freely  in  water,  and, 
owing  to  the  presence  of  free  soda,  communicate  a  green  tint  to  the  blue  in- 
fusion  of  violets.  Their  chief  salts  are  chloride  of  sodium  and  phosphate  of 
soda.  According  to  Fonrcroy  and  Vauquelin  the  animal  matter  of  the  tears 
is  mucus ;  but  it  is  more  probably  cither  albumen,  or  some  analogous  prin- 
ciple.   Its  precise  nature  has  not  however  been  satisfactorily  determined. 

MuatS4 — ^The  term  mucus  has  been  employed  in  very  different  significa- 
tions.  Dr.  Bostock  applies  it  to  a  peculiar  animal  matter  which  is  soluble 
both  in  hot  and  cold  water,  b  not  precipitated  by  corrosive  sublimate  or  so- 
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lution  of  tannin,  is  not  capable  of  forming  a  jellj,  and  which  yields  a  precis 
pitate  with  subacetate  of  lead.  The  existence  of  this  principle  has  not,  how- 
ever,  been  fully  established ;  for  the  presence  of  muriatic  and  phosphoric 
acids,  the  latter  of  which  is  frequently  contained  in  animal  fluids,  and  the 
former  scarcely  ever  absent,  sufficiently  accounts  for  the  precipitates  coca* 
sioned  in  them  by  the  salts  of  lead  or  silver,  fiut  even  supposing  the  opinioo 
of  Dr.  Bostock  to  be  correct,  it  would  be  advisable  to  eive  some  new  name 
to  his  principle,  and  apply  the  term  mucu$  solely  to  the  fluid  secreted  by 
mucous  surfaces. 

The  properties  of  mucus  vary  somewhat  according  to  the  source  fiiooi 
which  it  is  derived ;  but  its  leading  characters  are  in  all  cases  the  same, 
and  are  best  exemplified  in  mucus  from  the  nostrils.  Nasal  mucus,  accords 
ing  to  Benelius,  has  the  following  properties.  Immersed  in  water,  it  im- 
bibes so  much  of  that  fluid  as  to  become  transparent,  with  the  exception  of 
a  few  particles  which  remain  opaque.  When  dried  on  blotting-paper,  it 
loses  its  transparency,  but  again  acquires  it  when  moistened..  It  is  not  co- 
agulated or  rendered  horny  by  being  boiled  in  water ;  but  as  soon  as  the 
ebullition  has  ceased,  it  collects  unchanged  at  the  bottom  of  the  vesaeL  It 
is  dissolved  by  dilute  sulphuric  acid.  Nitric  acid  at  first  coagulates  it ;  but 
by  continued  digestion,  the  mucus  ^adually  soflens  and  is  finally  dissolved, 
forming  a  clear  yellow  liquid.  Acetic  acid  hardens  mucus,  and  does  not  dis- 
solve it  even  at  a  boiling  temperature.  Pure  potassa  at  first  renders  it  more 
viscid,  but  afterwards  dissolves  it  By  tannic  acid  mucus  is  coagulated,  both 
when  sofiened  by  the  absorption  of  water,  and  when  dissolved  either  in  an 
acid  or  an  alkali. 

Pu». — Purulent  matter  is  the  fluid  secreted  by  an  inflamed  and  ulcerated 
sur&ce.  Its  properties  vary  according  to  the  nature  of  the  sore  from  which 
it  is  discharged.  The  purulent  matter  formed  by  an  ill-conditioned  ulcer  is 
a  thin,  transparent,  acrid,  fetid  ichor ;  whereas  a  healing  sore  in  a  soond 
constitution  yields  a  yellowish-white  coloured  liquid,  of  the  consistence  of 
cream,  which  is  described  as  bland,  opaque,  and  inodorous.  This  is  termed 
healthy  pus,  and  is  possessed  of  the  following  properties.  Though  it  ap- 
pears homogeneous  to  the  naked  eye,  when  examined  with  the  microscope 
It  is  found  to  consist  of  minute  globules  floating  in  a  transparent  liquid.  Its 
specific  gravity  is  about  1.03.  It  is  insoluble  m  water,  and  it  is  thickened, 
but  not  dissolved,  by  alcohol  When  recent,  it  does  not  afiect  the  colour  of 
test-paper ;  but  by  exposure  to  the  air  it  becomes  acid.  The  dilute^  adds 
have  little  cfiect  upon  it ;  but  strong  sulphuric,  nitric,  and  muriatic'  acids 
dissolve  it,  and  the  pus  is  thrown  down  by  dilution  with  water.  Anuoonia 
reduces  it  to  a  transparent  jelly,  and  gradually  dissolves  a  considerable  por- 
tion of  it.  With  the  fixed  alkalies  it  forms  a  whitish  ropy  fluid,  whidi  is 
decomposed  by  water. 

The  composition  of  pus  has  not  been  ascertained  with  precision ;  but  its 
characteristic  ingredient  is  more  cloeelj^  allied  to  albumen  than  the  other 
animal  principles. 

Several  attempts  have  been  made  to  discover  a  chemical  test  for  distin- 
guishing  pus  from  mucus.  When  these  fluids  are  in  their  natural  state,  the 
appearance  of  each  is  so  characteristic  that  the  distinction  cannot  be  at- 
tended with  any  difficulty ;  but,  on  the  contrary,  when  a  mucous  surface  is 
inflamed,  its  secretion  beicomes  opaque,  and,  as  sometimes  happens  in  some 
pulmonary  diseases,  acquires  more  or  less  of  the  aspect  of  pus.  Mr.  Charles 
Darwin,  who  examined  this  subject,  pointed  out  three  |rrounds  of  distinc- 
tion between  them.  1.  When  the  solution  of  these  Lquids  in  sulphuric 
acid  is  diluted,  the  pus  subsides  to  the  bottom,  and  the  mucus  remains  sus- 
pended in  the  water.  2.  When  pus  and  catarrhal  mucus  are  diffused  through 
water,  the  former  sinks,  and  the  latter  floats.  3.  Pus  is  precipitated  from 
its  solution  in  potassa  by  water,  while  the  solution  of  mucus  is  not  decom- 
posed by  similar  treatment  Dr.  Thomson,  in  his  System  of  Chemistry,  has 
given  the  following  test  on  the  authority  of  Grosmeyer.  The  substanee  to 
be  examined,  after  being  triturated  with  its  own  weight  of  water,  is  mixed 
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with  an  equal  quantity  of  a  saturated  solution  of  carbonate  of  potasso.  If  it 
contain  pus,  a  transparent  jelly  forms  in  a  few  hours ;  but  this  does  not  hap- 
pen if  mucus  only  is  present  Dr.  Young,  in  his  work  on  Consumptiire 
Diseases,  has  given  a  very  elegant  character  for  distinguishing  pus,  founded 
on  its  optical  properties.  But  the  practical  utility  of  tests  of  any  kind  is 
rendered  very  questionable  by  the  fact  that  inflamed  mucous  membranes 
may  secrete  genuine  pus  without  breach  of  surface,  and  that  Ihe  natural 
passes  into  purulent  secretion  by  insensible  shades. 

StoetU, — ^Watery  vapour  is  continually  passing  oflT  by  the  skin  in  the  form 
of  insensible  perspiration ;  but  when  the  external  heat  is  considerable,  or 
violent  bodily  exercise  is  taken,  drops  of  flaid  collect  upon  the  surface,  and 
constitute  what  is  called  sweat  This  fluid  consists  chiefly  of  water ;  but  it 
contains  some  muriate  of  soda  and  free  acetic  acid,  in  consequence  of  which 
it  has  a  saline  taste  and  an  acid  reaction. 


SECTION  V. 

URINE  AND  URINARY  CONCRETIONS. 
Urine, 

The  urine  differs  from  most  of  the  animal  fluids  which  have  been  de- 
scribed by  not  serving  an^  ulterior  purpose  in  the  animal  economy.  It  is 
merely  an  excretion  designed  for  ejecting  from  the  system  substances, 
whicl^  by  their  accumulation  within  the  body^  would  speedily  prove  fatal  to 
health  and  life.  The  sole  office  of  the  kidneys,  indeed,  appears  to  consist  is 
separating  from  the  blood  the  superfluous  matters  that  are  not  required  or 
adapted  lor  nutrition,  or  which  have  already  formed  part  of  the  body,  and 
been  removed  by  absorption.  The  substances  which  in  particular  pass  off 
by  this  organ  ore  nitrogen,  in  the  form  of  highly  azotized  products,  and 
various  saline  and  earthy  compounds.  This  sufficiently  accounts  for  the 
great  diversity  of  difibrent  substances  contained  in  urine. 

The  quantity  of  the  urine  is  affected  by  various  causes,  especially  by  the 
nature  and  quantify  of  the  liquids  received  into  the  stomach ;  but  on  an  ave- 
rage, a  healthy  person  voids  between  thirty  and  forty  ounces  daily.  The 
quality  of  this  fluid  is  likewise  influenced  by  the  same  circumstances,  being 
Bometimes  in  a  very  dilute  state,  and  at  others  highly  concentrated.  The 
nrine  voided  in  the  morning  by  a  person  who  has  fed  heartily,  and  taken  no 
more  fluids  than  is  sufficient  for  satisfying  thirst,  may  be  regarded  as  afford- 
ingthe  best  specimen  of  natural  healthy  urine. 

The  urine  in  this  state  is  a  transparent  limpid  fluid  of  an  amber  colour, 
having  a  saline  taste,  and  while  warm  emitting  an  odour  which  is  slijghtly 
aromatic,  and  not  at  all  disagreeable.  The  average  sp.  gr.  of  the  urine  of 
fifty  healthy  men,  observed  by  the  late  Dr.  Gregory  in  autumn  at  mid-day, 
is  1.02246.  It  gives  a  red  tint  to  litmus  paper,  a  circumstance  which  incu- 
cates  the  presence  either  of  a  free  acid  or  of  a  supersalt  Though  at  first 
quite  transparent,  an  insoluble  matter  is  deposited  on  standing;  so  that  urine, 
▼oided  at  night,  is  (bund  to  have  a  light  cloud  floating  in  it  by  the  following 
morning.  This  substance  consists  in  part  of  mucus  from  the  urinary  pas. 
•ages,  and  partly  of  snperurate  of  ammonia,  which  is  much  more  soluble  in 
warm  than  in  cold  water. 

The  nrine  is  very  prone  to  spontaneous  decomposition.  When  kept  for 
two  or  three  days  it  acquires  a  strong  urinous  smell ;  and  as  the  putrefaction 
proceeds,  the  disagreeable  odour  increases,  until  at  length  it  becomes  exceed* 
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inglj  offeniive.  Aa  aoon  as  these  changes  commenoe,  the  arine  oeueB  to 
bare  an  acid  reaction,  and  the  earthy  phosphates  are  deposited.  In  a  Bhort 
time,  a  free  alkali  makes  its  appearance,  and  a  large  quantity  of  carbooaie 
of  ammonia  is  gradaaJly  venerated.  Similar  changes  may  be  prcxluoed  in 
recent  urine  by  continual  boiling.  In  both  cases  the  phenomena  are  owing' 
to  the  decomposition  of  urea,  which  is  almost  entirely  resolved  into  carbo> 
nate  of  ammonia. 

The  composition  of  the  urine  has  been  studied  by  several  chemists,  but 
the  most  recent  and  elaborate  analysis  of  this  fluid  is  by  Bentelius.  Ac- 
cording to  the  researches  of  this  indefatigable  chemist,  1000  parts  of  urine 
are  composed  of 


Water 

Urea 

Uric  acid    ...... 

Free  lactic  acid,  lactate  of  ammonia,  and  animal  matter 

not  separable  from  them 
Mucus  of  the  bladder        .... 

Sulphate  of  potassa  .... 

Sulphate  of  soda  .... 

Phosphate  of  soda  .... 

Phosphate  of  ammonia      .... 

Muriate  of  soda  .... 

Muriate  of  ammonia  .... 

Earthy  matters,  with  a  trace  of  fluate  of  lime 
Siliceous  earth        ..... 


933.00 

30.10 

1.00 


17.14 
0.33 
3.71 
3.16 
3.94 
1.65 
4.45 
1.50 
1.00 
0.03 


Besides  the  ingredients  included  in  the  preceding  Ibt,  the  urine  contains 
several  other  substances  in  small  quantity.  From  the  property  this  fluid 
possesses  of  blackening  stiver  vessels  in  which  it  is  evaporated,  owing  to  the 
formation  of  sulphuret  of  silver,  Proust  inferred  the  presence  of  unoxidized 
sulphur ;  and  Dr.  Prout,  from  the  odour  of  phosphuretted  hydrogen,  which, 
he  thinks  he  has  ncroeived  m  putrefying  urine,  suspects  that  phosphorus  ii 
likewise  present  The  urine  also  contains  a  peculiar  yellow  colouring  mat. 
ter  which  has  not  hitherto  been  obtained  in  a  separate  state.  From  the  pre- 
cipitate occasioned  in  urine  by  the  infusion  of  gall-nuts,  the  presence  of 
gelatin  has  been  inferred ;  but  this  effect  appears  owing  to  the  presence  not 
of  gelatin  but  of  a  small  portion  of  albumen. 

According  to  Scheelc,  the  urine  of  infants  sometimes  contains  benzoic 
acid,  a  compound  which,  when  present,  may  be  easily  procured  by  evapora- 
ting  the  urine  nearly  to  the  consistence  of  syrup,  and  adding  hydrochloric 
acid.  Tlie  precipitate,  consisting  of  uric  and  benzoic  acids,  is  digested  m 
alcohol,  which  dissolves  the  benzoic  acid. 

Notwithstanding  the  high  authority  of  Bcrzelius,  it  is  very  doubtful  if  any 
free  acid  be  present  in  healthy  urine.  Dr.  Prout,  with  every  appearance  of 
reason,  maintains  tliat  the  acidity  of  recent  urine  is  occasioned  by  super- 
salts,  and  not  by  uncombined  acid.  He  is  of  opinion  that  the  acid  reaction 
is  chiefly,  if  not  wholly,  to  be  ascribed  to  the  superphosphate  of  lime  and 
superurate  of  ammonia,  salts  which  he  finds  may  co-exist  in  a  liquid  without 
mutual  decomposition.  A  very  strong  argument,  which  to  me  indeed  ap- 
pears conclusive,  in  favour  of  this  view,  is  derived  from  the  fact,  that  on 
adding  hydrochloric  acid  to  recent  urine,  minute  crystals  of  uric  acid  are 
gradually  deposited,  as  always  happens  when  this  acid  subsides  slowly  from 
a  state  of  solution ;  but,  on  the  contrary,  if  no  free  acid  is  added,  an  amor- 
phous sediment,  which  Dr.  Prout  regards  as  superurate  of  ammonia  is 
obtained. 

Such  is  the  general  view  of  the  composition  of  human  urine  in  iti  natural 
healthy  state.  But  this  fluid  is  subject  to  a  great  varie^  of  morbid  condi- 
tions,  which  arise  either  fVom  the  deficiency  or  excess  of  certain  principles 
which  it  ou^ht  to  contain,  or  from  the  presence  of  others  wholly  foreign  to 
its  composition.    As  the  study  of  these  affections  affords  an  interesting  six- 
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ample  of  the  application  of  chemistry  to  pathology  and  the  practice  of  me- 
dicine, I  shall  briefly  mention  some  of  the  most  important  morbid  states  of 
this  fluid,  referring  for  more  ample  details  to  the  excellent  treatise  of  Dr. 
Prout* 

Of  the  sabstances  which,  though  naturally  wanting,  are  sometimes  con. 
tained  in  the  urine,  the  most  remarkable  is  sugar,,  which  is  secreted  by  the 
kidneys  in  diabetes  (page  592).  Diabetic  urine  has  a  sweet  taste,  and  yields 
a  syrup  by  evaporation,  is  almost  always  of  a  pale  straw  colour,  and  in  gene- 
ral  has  a  greater  specific  gravity  than  ordinary  urine.  A  specimen  of  dia- 
betic urine,  the  sp.  gr.  of  which  was  1.03626,  was  ibund  by  Mr.  Kane  to 
contain  in  1000  parts,  913  of  water,  60  of  sugar,  6.5  of  urea,  and  20  of  salts 
(Dublin  Journal  of  Science,  i.  20).  Owin^  to  the  large  quantity  of  sugar 
and  the  dilute  state  of  the  urea,  diabetic  urme  has  little  tendency  to  putrefy, 
and  is  susceptible  of  undergoing  the  vinous  fermentation. 

The  acidifying  process  which  is  constantly  going  forward  in  the  kidneys, 
as  evinced  by  the  formation  of  sulphuric,  phosphoric,  and  uric  acids,  some- 
times proceeds  to  a  morbid  extent,  in  consequence  of  which  two  acids,  the 
oxalic  and  nitric,  are  generated,  neither  of  which  exists  in  healthy  urine. 
The  former,  by  uniting  with  lime,  gives  rise  to  one  of  the  worst  kinds  of 
urinary  concretions ;  and  the  latter,  in  the  opinion  of  Dr.  Prout,  loads  to  the 
production  of  purpurate  of  ammonia,  by  reacting  on  uric  acid. 

In  severe  cases  of  jaundice,  the  bile  passes  from  the  blood  into  the  kidneys, 
and  communicates  a  yellow  colour  to  the  urine.  The  most  delicate  test  of 
its  presence  is  hydrochloric  acid,  which  causes  a  green  tint 

Though  albumen  is  contained  in  very  minute  quantity  in  healthy  urine, 
in  some  diseases  it  is  present  in  large  proportion.  According  to  Dr.  Black- 
all  it  is  characteristic  of  certain  kinds  of  dropsy,  accompanied  with  an  in- 
flammatory diathesis,  as  in  that  which  supervenes  in  scarlet  fever ;  and  Dr. 
Prout  has  described  two  cases  of  albumfnous  urine,  in  which,,  without  any 
febrile  symptoms,  albumen  existed  in  such  quantity  that  spontaneous  coagu- 
lation took  place  within  the  bladder.  Dr.  Bright,  in  his  Medical  Reports, 
has  shown  tliat  dropsical  eflfusions  with  albuminous  urine  are  often  associated 
with  disease  of  the  kidney,  and  his  observations  have  been  confirmed  by  the 
experience  of  Dr.  Christison  and  the  late  Dr.  Gregory  (Edin.  Med.  and  Surg. 
Journal  for  Oct  1829,  Oct  1831,  and  Jan.  1832).  In  this  affection  the  urine 
is  scanty,  and  its  sp.  gravity,  from  deficient  quantity  of  saline  matter  and 
urea,  is  lower  than  natural,  being  in  the  average  of  50  cases  1.01318,  and  is 
rarely  so  high  as  1.02 :  this  is  so  constant,  that  scanty  albuminous  urine  of 
a  low  sp.  ^rravity  was  considered  by  Dr.  Gregory  as  nearly  a  sure  indication 
of  renal  disease.  The  albumen  is  readily  detected  by  the  coagulating  effect 
of  heat  or  by  ferrocyanuret  of  potassium  (page  589),  the  urine  if  not  acid, 
which  it  frequently  is,  being  always  previously  acidulated  by  acetic  acid^  In 
the  blood  of  patients  suffering  under  renal  disease  with  albuminous  urine. 
Dr.  Bbstock  detected  a  crystulihe  substance  resembling  urea,.and  Dr.  Chris- 
tison, pursuing  the  inquiry,  obtained  urea  with  all  its  characteristic  pro- 
perties. 

^  Uirea  is  secreted  less  abundantly  than  usual  during  inflammatory  affec-- 
tions  of  the  liver,  whether  acute  or  chronic,  in  the  renal  disease  just  men- 
tioned, and  during  the  hysteric  paroxysm,  in  which  latter  affection  the  saline 
ingredfents  of  the  urine  are  secreted  in  unusual  quantity.  Urea  is  said  to 
be  wanting  in  diabetic  urine,  an  error  caused  by  the  presence  of  sugar  dimi- 
nishing the  tendency  of  nitrate  of  urea  to  crystallize.  Dr.  Henry  has  shown 
that  urearwhen  mixed  with  a  considerable  proportion  of  sugar,,  cannot  be 
discovered  by  the  usual  test  of  nitric  acid;  and,  consequently,  though  present 
in  diabetic  urine,  if  may  easily  be  overlooked.  He  has  succeeded  in  detect- 
ing it  in  such  cases  by  distillation,  urea  being  the  only  known  animal  prin- 
ciple which  is  converted  into  carbonate  of  ammonia  at  a  boiling  temperature. 

*  Inquiry  into  the  Nature  and  Treatment  of  Gravel,  Calculus,  &c. 
53* 
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Mr.  Kane  has  lacceoded  in  ■eparating  the  nitrate  of  orea  in  crysCaLi  by  eia- 
ploying  as  tlie  teat  nitric  acid  diluted  with  an  equal  weight  of  water,  and 
plunging  the  maas  into  a  freezing  mixture  of  salt  and  ice.  He  has  tfavs 
been  able  to  prove  that  diabetic  patients  void  in  the  course  of  24  houEs  as 
much  urea  as  healthy  persons. 

The  mode  by  which  Dr.  Prout  estimates  the  proportion  of  this  principle 
is  by  putting  the  urine  into  a  watch-glass^  and  carefully  adding  to  it  nearly 
an  equal  quantity  of  nitric  acid,  in  such  a  manner  that  the  acid  may  <»llBCt 
at  the  bottom.  If  spontaneous  crystallization  ensue,  an  excess  of  urea  is 
indicated;  and  the  degree  of  excess  may  be  inferred  approximately  by 
marking  the  time  which  elapses  before  tlie  effect  takes  place.  Undiluted 
healthy  urine  yields  crystals  only  after  an  interval  of  half  an  hour;  bai  the 
nitrate  crystallizes  within  that  interval  when  the  urea  is  in  excess. 

An  unusually  abundant  secretion  of  uric  acid  is  a  circumstance  by  no 
means  uncommon.  In  some  instances  this  acid  makes  its  appearance  in  a 
free  state:  but  happily  it  generally  occurs  in  combination  with  an  alkali, 
especially  with  soda  or  ammonia.  As  the  urates  arc  much  more  soluble  in 
warm  than  in  cold  water,  the  urine  in  which  they  abound  is  quite  dear  at 
the  moment  of  being  voided,  but  deposites  a  copious  sediment  in  c^oc^g. 
The  undue  secretion  of  these  salts,  if  temporary,  occasions  scarcely  any  in- 
convenience, and  arises  from  such  slight  causes,  that  it  frequently  takes 
place  without  being  noticed.  This  affection  is  generally  produced  by  errors 
in  diet,  whether  as  to  quantity  or  quality,  and  by  all  causes  which  intermpt 
the  digestive  progress  in  any  of  its  stages,  or  render  it  imperfect.  Dr. 
Prout  specifics  unfermented  heavy  bread,  and  hard  boiled  puddings  or 
dumplings,  as  in  particular  disposing  to  the  formation  of  the  urates.  These 
sediments  have  commonly  a  yellowish  tint,  which  is  communicated  by  the 
coIourin|f  matter  of  the  urine;  or  when  they  are  deposited  in  fevers,  forming 
the  lateritious  sediment,  they  arc  red,  in  consequence  of  the  colouring  mat- 
ter of  the  urine  being  then  more  abundant  In  fevers  of  an  irritable  nature, 
as  in  hectic,  the  sediment  has  often  a  pink  colour,  and  is  considered  by 
Prout  to  consist  of  urate  of  ammonia  coloured  by  purpurate  of  ammonia; 
but  Messrs.  Brett  and  Bird  have  examined  several  pink  sediments,  in  all  of 
which  tlic  colouring  ingredient  was  a  substance  soluble  in  alcohol  and  not 
purpuric  acid.   (Medical  Gazette,  August  23, 1834.) 

So  long  as  uric  acid  remains  in  combination  with  a  base,  it  ne^r  yields  a 
crystalline  dcposite ;  but  when  this  acid  is  in  excess  and  in  a  free  state,  its 
very  sparing  solubility  causes  it  to  separate  in  minute  crystals,  even  within 
the  bladder,  giving  rise  to  two  of  the  most  distressing  complaints  to  which 
human  nature  is  subject, — to  gravel  when  the  crystals  arc  detached  from 
one  another,  and  when  agglutinated  by  animal  matter  into  concrete  masses, 
to  the  disease  called  the  atone.  These  diseases  may  arise  cither  from  uric 
acid  being  directly  secreted  by  the  kidneys,  or,  as  Dr.  Prout  suspects,  from 
the  formation  of  some  other  acid,  by  which  the  urate  of  ammonia  is  de- 
composed.  The  tendency  of  urine  to  contain  free  acid  occurs  most  frequent- 
ly  in  dyspeptic  persons  of  a  gouty  habit,  and  is  familiarly  known  by  the 
name  of  the  uric  or  lithic  acid  diathesis.  In  these  individuals  the  disposi- 
tion to  undue  acidity  of  the  urine  is  superadded  to  tliat  state  of  tlie  system 
which  leads  to  an  unusual  supply  of  tJie  urates. 

A  deficiency  of  acid  in  urine  is  not  less  injurious  than  its  excess.  As 
phosphate  of  lime  in  its  neutral  state  is  insoluble  in  water,  this  salt  cannot 
he  dissolved  in  urine  except  by  being  in  the  form  of  a  superphosphate. 
Hence  it  happens  that  healthy  urine  yields  a  precipitate,  when  it  is  neu- 
tralized by  an  alkali ;  and  if,  by  the  indiscriminate  employment  of  alkaline 
medicines,  or  from  any  other  cause,  the  urine,  while  yet  within  the  bladder, 
is  rendered  neutral,  the  earthpr  phosphates  are  necessarily  deposited,  and  an 
opportunity  afibrded  for  the  formation  of  a  stone. 
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Urinary  Concretions. 

The  first  step  towards  «  knowledge  of  urinanr  calculi  was  made  in  the 
year  1776  by  Scheele,  who  showed  tnat  many  of  the  concretions  formed  in 
the  bladder  consist  of  uric  or  lithic  acid.  The  subject  was  afterwards  sue- 
oeasfully  investigated  by  Wollaston  and  Pearson  m  this  country,  and  by 
Fourcroy  and  ^^uquelin  in  France ;  but  the  merit  of  havinj?  first  ascertain- 
ed the  composition  and  chemical  characters  of  most  of  the  species  of 
urinary  calculi  at  present  known,  belongs  to  Dr.  Wollaston.  (Phil.  Trans, 
for  1797.)  The  chemists  who  have  since  materially  contributed  to  advance 
our  knowledge  of  this  department  of  science,  are  Henry,  Brande,  Prout,  and 
the  late  Dr.  Marcet,  to  whose  **  Essay  on  the  Chemical  History  and  Medical 
Treatment  of  Calculous  Disorders,"  1  may  refer  the  reader  who  is  desirous 
of  studying  this  important  subject. 

The  most  common  kinds  of  urinary  concretions  may  be  conveniently 
divided  into  six  species:  1.  The  uric  acid  calculus;  8.  The  bone-earth  cal- 
culus, principally  consisting  of  phosphate  of  lime;  3.  The  ammoniaoo- 
magnesian  phosphate ;  4.  The  fusible  calculus,  being  a  mixture  of  the  two 
preceding  species;  5.  The  mulberry  calculus,  composed  of  oxalate  of  lime; 
and,  lastly,  the  cystic  oxide  calculus.   (Marcet) 

1.  The  uric  acid  forms  a  hard  inodorous  concretion,  commonly  of  an  oval 
fi>rm,  of  a  brownish  or  fawn  colour,  and  smooth  surface.  These  calculi 
consist  of  layers  arranged  concentrically  around  a  central  nucleus,  the 
lamincB  being  distinguished  from  each  other  by  a  slight  difference  in  colour, 
and  sometimes  by  tlie  interposition  of  some  other  substance. 

This  species  is  readily  distinguished  by  the  following  characters.  It  is 
very  sparingly  soluble  in  water  and  muriatic  acid.  Digested  in  pure 
potassa  it  quickly  disappears,  and  on  adding  an  acid  to  the  solution,  the  uric 
acid  is  precipitated.  It  is  dissolved  with  effervescence  by  nitric  acid,  and 
the  solution  yields  purpurate  of  ammonia  when  evaporated.  Before  the 
blowpipe  it  becomes  black,  emits  a  peculiar  animal  odour,  and  is  gradu- 
ally consumed,  leaving  a  trace  of  white  ash,  which  has  an  alkaline  re- 
action. 

As  a  variety  of  this  species  may  be  mentioned  urate  of  ammonia,  a  rare 
kind  of  calculus  first  noticed  by  Fourcroy.  Brande  and  Marcet  expressed 
a  doubt  of  its  ever  forming  an  independent  concretion ;  but  its  existence,  as 
such,  has  been  establish^  by  Prout.  The  calculus  of  urate  of  ammonia 
has  the  sama  general  chemical  characters  as  that  composed  of  uric  acid, 
from  which  it  is  distinguished  by  its  solubility  in  boiling  water,  when  re- 
duced to  powder,  and  by  its  solution  in  potassa  being  attended  with  the  dis- 
engagement of  ammonia.  It  deflagrates  remarkaUy  before  the  blowpipe. 
(Medico-Chir.  Trans,  x.  389.) 

2.  The  bone-earth  calculus,  first  correctly  analyzed  by  Wollaston,  consists 
of  phosphate  of  lime.  The  surface  of  these  calculi  is  of  a  pale  brown  co- 
lour, and  quite  smooth  as  if  it  had  been  polished.  When  sawed  through 
the  middle,  they  are  found  to  be  laminated  in  a  very  regular  manner,  and 
the  layers  in  general  adhere  so  slightly  that  they  may  be  separated  with 
ease  into  concentric  crusts.  Dr.  Yellowly,  in  several  bone-earth  concretions, 
has  detected  small  quantities  of  carbonate  of  lime,  which  appears  to  have 
been  overlooked  by  others. 

This  calculus,  when  reduced  to  powder,  dissolves  with  facility  in  dilute 
nitric  or  muriatic  acid,  but  is  insoluble  in  potassa.  Before  the  blowpipe  it 
first  assumes  a  black  colour,  from  the  decomposition  of  a  little  animal  mat- 
ter, and  then  becomes  quite  white,  undergoing  no  further  change  unless  the 
heat  be  very  intense,  when  it  is  fused. 

3.  Phosphate  of  ammonia  and  magnesia  was  first  described  as  a  consti- 
tuent of  urinary  calculi  by  Wollaston.  It  rarely  exists  quite  alone,  because 
the  same  state  of  tlie  urine  which  leads  to  the  formation  of  this  species, 
favours  the  deposition  of  phosphate  of  lime ;  but  it  is  frequently  the  pre- 
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Tailing  ingredient    It  often  appears  in  the  form  of  minate  sparkline  dys- 
'  tals,  diffuwd  over  the  aurface  or  between  the  interatices  of  other  caTculoaa 
lamins. 

Calculi,  in  which  thia  aalt  prevaila,  are  generally  white,  and  leas  compact 
than  the  foregoing  speciea.  When  redaccd  to  powder  they  are  diaaolved  hj 
cold  acetic  acid,  and  atill  more  easily  by  the  atron^r  adds,  the  aalt  bein^ 
thrown  down  unchanged  by  ammonia.  Digested  m  pure  potaasa,  it  emits 
an  ammoniacal  odour,  but  it  is  not  dissolved.  Before  the  blowpipe,  a  ameO 
of  ammonia  is  given  out,  it  diminishes  in  size,  and  melts  into  a  white  pe&ii 
with  ratlier  more  faaility  than  phosphate  of  lime. 

4.  The  fusible  calculus,,  the  nature  of  which  waa  first  determined  by  WoL. 
laston,  is  a  mixture  of  the  two  preceding  apecies.  It  is  commonly  of  a 
white  colour,  and  ita  fracture  is  usually  ragged  and  uneven.  It  is  more 
friable  than-  any  of  the  other  kinds  of  caTcoTus,  separalea  easily  into  layers, 
and  leaves  a  white  dust  on  the  fingera.  Theae  eoncretiona  are  very  oom- 
moD,  and  sometimes  attain  a  large  size. 

The  fusible  calculus  is  characterized  by  the  facility  with  which  it  melts 
into  a  pearly  globule^  which  is  sometimes  quite  transparent  When  reduced 
to  powder,  and  pot  into  cdd  acetic  acid,  the  phosphate  of  ammonia  and 
magnesia  is  dissolved^  and  the  phosphate  of  lime,,  almost  the  whole  of  which 
is  left,  dissolves  readily  in  hydrochloric  acid. 

5.  The  mulberry  calculus,  so  named  from  its  resemblance  to  the  fruit  of 
the  mulberry,  was  first  proved  to  consist  of  oxalate  of  lime  by  WollasUm. 
This  concrelion  is  sufficiently  characterised  by  its  dark-coloured  tuberco. 
lated  surface,  and  bv  being  very  bard  and  compact;  but  it  may  also  be  dia- 
tinguishcd  chemically  by  uie  following  properties.  Heated  before  the  bkiw- 
pipe,  the  oxalic  acid  is  decomposed,  and  pure  lime  remains,  which  gives  a 
strong  brown  stain  to  moistened  turmeric  paper.  It  is  insoluble  in  the 
alkalies ;  bat  by  digestion  in  carbonate  of  potassa,  it  is  decomposed,  and  the 
insoluble  carbonate  of  lime  ia  left.  When  reduced  to  powder  and  digested 
in  hydrochloric  or  nitric  acid,  a  perfect  solution  is  effected.  It  is  not  dia- 
solved  by  acetic  acid,  a  circumstance  which  distinguishes  it  from  the  am. 
moniaco-magnostan  phosphate;  and  it  is  distinguished  from  phosphate  of 
lime  by  being  insoluble  in  phosphoric  acid. 

fi.  The  cystic  oxide  was  described  by  its  discoverer  Wollaston  in  the 
Philosophical  Transactions  for  1810.  This  concretion  is  not  laminated,  hot 
appears  as  one  uniform  mass,  confusedly  crystallized  through  its  whole  aub. 
atance,  having  somewhat  the  appearance  of  the  ammoniaoo-magneaian  phos- 
I^te,  though  more  compact  Before  the  blowpipe  it  emits  a  peculiarly  fetid 
soiell,  quite  distinct  from  that  of  uric  aeid,  and  is  consumed.  It  is  charae- 
teria^  by  the  great  variety  of  reagents  in  which  it  is  soluble.  It  is  dissolved 
abundantly  by  the  hydroohloric,  nitric,  aulphurie,  and  oxalic  acida ;  by  po- 
tassa, soda,  ammonia,  and  lime-water ;  and  even  by  the  neutral  carbonatea 
of  aoda  and  potassa.  It  is  insoluUe  m  water,  alcohol,  bicarbonate  of  am- 
monia, and  in  the  tartaric,  citric,  and  acetic  acids.^ 

From  the  similarity  which  this  substance  beara  to  certain  oxides  in 
uniting  both  with  acids  and  alkalies.  Dr.  Wollaston  termed  it  an  oxide,  and 
gave  it  the  name  of  eysHct  on  the-  supposition  of  its  being  peouliar  to  the 
bladder.     Dr.  Maroet,  bowever,.ha8  found  it  in  the  kidney. 

Cystic  oxide  is  a  rare  species  of  calculus.  In  this  country  seven  speci- 
mens only  have  been  found ; — two  by  Dr.  Wollaston,  two  by  Dr.  Henry, and 
tliree  by  Dr.  Marcet :  Professor  Stromeyer  has  met  with  two  instances  of 
it  in  one  family,  and  in  one  of  the  cases,  the  cystic  oxide  was  alao  detected 
in  the  urine.  M.  Lassaigne  has  likewise  founch  it  in- a  atone  taken  from  the 
bladder  of  a  dog.  From  the  analysis  of  this  chemist,  KM)  parts  of  cystic 
oxide  are  composed  of  carbon  36i2,  hydrogen  12.8,  oxygen  17,  and  nitro- 
gen 34. 

Dr.  Prout  found  the  urine,  during  the  formation  of  cystic  oxide  calcuhia, 
to  have  a  density  varying  from  1.0S)  to  1.023,  to  be  rather  abundant,  faintly 
acid,  of  a  yellowish-greeu  colour  and  peouliar  odaur,  and  to  contain  very 
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little  uric  acid  and  urea.  A  greaBY'looking  film  of  cystic  oxide  collected  on 
its  surface,  and  a  copious  i>ale  precipitate  was  thrown  down  by  bicarbonate  of 
ammonia,  consisting  of  cystic  oxide  and  the  amraoniaco-magnesian  phos- 
phate. The  cystic  oxide  was  also  precipitated  by  acetic  acid.  Dr.  Venables 
nas  examined  tlie  urine  in  a  similar  state,  and  made  similar  remarks. 
(Edin.  Med.  and  Surg.  Journal,  Oct  1830.) 

It  is  remarkable  that  cystic  oxide  ief  never  accompanied  with  the  matter 
of  any  other  concretion ;  whereas  the  other  species  are  frequently  met  vrith 
in  the  same  stone.  They  are  sometimes  so  intimately  mixed  that  they  can 
be  separated  from  one  another  only  by  chemical  analysis,  forming  what  is 
called  a  compound  calculus ;  but  more  frequently  the  concretion  consists  of 
two  or  more  different  species  arranged  in  distinct  alternate  layers.  This  is 
termed  the  aitemating  calculus. 

Besides  the  calculi  just  mentioned,  a  few  other  species  have  been  noticed. 
Two  were  described  by  Dr,  Marcet  under  the  names  of  xantkic  oMe  and 
Jibrinou9  calculus,  both  of  which  are  exceedingly  rare.  Xanthic  oxide  is  of 
a  reddish  or  yellow  colour,  is  soluble  both  in  acids  and  alkalies,  and  its  so- 
lution in  nitric  acid,  when  evaporated,  assumes  a  bright  lemon-yellow  tint, 
a  property  to  which  it  owes  its  name,  and  by  which  it  is  characterized, 
(^fltvdte  yeUow,)  The  fibrinous  calculus  derives  its  name  from  fibrin,  to 
which  its  properties  are  closely  analogous.  The  third  species  consists  chiefly 
of  carbonate  of  lime,  and  is  likewise  of  rare  occurrence.  It  is  probable  that 
in  some  very  uncommon  cases,  silica  forms  the  principal  ingredient  of  a 
stone ;  at  lesst  siliceous  matter  was  found  by  Dr.  Venables  to  be  voided  in 
one  if  not  in  two  cases  of  gravel.  (Journal  of  Science,  N.  S.  vi.  234.)  He 
has  since  met  with  it  in  other  cases. 

From  the  solubility  of  urinary  concretions  in  chemical  menstrua,  hopes 
were  once  entertained  that  reagents  might  be  introduced  into  the  urine 
through  the  medium  of  the  blood,  or  be  at  once  injected  into  the  bladder,  so 
as  to  dissolve  urinary  calculi,  and  thus  supersede  the  necessity  of  a  painful 
and  dangerous  operation.  It  has  been  foand,  however,  that,  for  this  pur- 
pose, it  would  be  necessary  to  employ  acid  or  alkaline  solutions  of  greater 
strength  than  may  safely  be  introduoMl  into  the  bladder;  and  consequently  all 
attempts  of  the  kind  have  been  abandoned.  The  last  suggestion  of  this  na- 
ture was  made  by  Prcvost  and  Dumas,  who  proposed  to  disunite  the  elements 
of  calculi  by  means  of  galvanism.  This  agent,  however,  though  it  may  pro- 
duce this  effect  out  of  Uie  body,  will  scarcely,  I  conceive,  be  found  admissi-^ 
bio  in  practice. 


SECTION  VI. 


SOLID  PARTS  OF  ANIMALS. 

Bonei  consist  of  earthy  salti  and  animal  matter  intimately  blended,  the 
former  of  which  are  designed  for  giving  solidity  and  hardness,  and  the  lat- 
ter for  agglutinating  the  earthy  particles.  The  animal  substances  are  chiefly 
cartilage,  gelatin,  and  a  peculiar  fatty  matter  called  marrow.  On  reducing 
bones  to  powder,  and  digesting  them  in  water,  the  fat  rises  and  swims  upon 
its  surface,  while  the  gchiin  is  dissolved.  By  digesting  bones  in  dilute  hy- 
drochloric acid,  the  earthy  salts  are  dissolved,  and  a  flexible  mass  remains 
which  retains  the  original  figure  of  the  bone,  and  consists  of  gelatin  and  car- 
tilage :  the  former  is  by  fiir  the  most  abundant,  since  nearly  the  whole  may 
be  dissolved  in  boiling  water,  and  yields  a  solution  possessed  of  all  the  pro- 
perties of  gelatin.    T%e  residual  cartilage  appears  identical  with  coagulated 
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albamen.    The  animal  matter  of  bones  is  formed  before  the  earthj  matter, 
and  constitutes  the  nidus  in  which  the  latter  is  deposited. 

When  bones  are  heated  in  close  vessels,  a  large  quantity  of  carbonate  <jf 
ammonia,  some  fetid  empyreumatic  oil,  and  the  usual  inflammable  gases 
pass  over  into  the  recipient ;  while  a  mixture  of  charcoal  and  earthj  matter, 
called  animal  charcoaL  remains  in  the  retort  I^  on  the  contrary,  they  are 
heated  to  redness  in  an  open  fire,  the  charcoal  is  consumed,  and  a  pare  while 
friable  earth  is  the  sole  residue. 

According  to  the  analysis  of  Berzel2us,100  parts  of  dry  human  bones  con- 
sist of  animal  matters  33.3,  phosphate  of  lime  51.04,  carbonate  of  lime  113, 
fiuate  of  lime  2,  phosphate  of  magnesia  1.16,  and  soda,  muriate  of  soda,  and 
water  li2.  Mr.  Hatcbett  found,  also,  a  small  quantity  of  sulphate  of  Ume; 
and  Fourcroy  and  Vauquelin  discovered  traces  of  luumina,  silica,  and  the 
oxides  of  iron  and  manganese. 

Teeth  arc  composed  of  the  same  materials  as  bone ;  but  the  enamel  dis- 
solves completeljr  in  dilute  nitric  acid,  and,  therefore,  is  free  from  cartihige: 
From  the  analvsb  of  Mr.  Pepys,  the  enamel  contains  78  per  cent  of  phos- 
phate  and  6  of  carbonate  of  lime,  the  residue  being  probably  gelatin.  The 
composition  of  ivory  is  similar  to  that  of  the  bony  matter  of  teeth  in  general. 

The  shells  of  eggs  and  the  covering  of  crustaceous  animals,  such  as  lob- 
sters, crabs,  and  the  starfish,  consist  of  carbonate  and  a  litUe  phosphate  of 
lime  and  animal  matter.  Tlie  shells  of  oysters,  muscles,  and  other  mollas- 
oous  animals  consist  almost  entirely  of  carbonate  of  lime  and  animal  mat- 
ter, and  the  composition  of  pearl  and  mother  of  pearl  is  similar. 

Horn  differs  from  bone  in  containing  only  a  trace  of  earth.  It  consists 
chiefly  of  gelatin  and  a  cartilaginous  substance  like  coagulated  albamea. 
The  composition  of  the  nails  and  hoofs  of  animals  is  similiu-  to  that  of  horn; 
and  the  cuticle  belongs  to  the  same  class  of  substances. 

TeruUmt  appear  to  be  composed  almost  entirely  of  gelatin ;  for  they  sre 
soluble  in  boiling  water,  and  the  solution  yields  an  abundant  jelly  on  oool* 
ing.  The  composition  of  Uie  true  skin  is  nearly  the  same  as  that  of  Mr- 
dons.  Membranes  and  ligraments  are  composed  chiefly  of  gelatin,  but 
they  also  contain  some  subirtance  which  is  insoluble  in  water,  and  i^  similar 
to  coagulated  albumen. 

According  to  the  analysis  of  Vauquelin,  the  principal  ingredient  of  hair 
is  a  peculiar  animal  substance,  insoluble  in  water  at  212^  F.  but  which  may 
be  dissolved  in  that  liquid  by  means  of  Fapin*s  digester,  and  is  soluble  in 
a  solution  of  potassa.  Besides  this  substance  hair  contains  oil,  sulphur, 
silica,  iron,  manganese,  and  carbonate  and  phosphate  of  lime.  The  colotir 
of  the  liair  depends  on  that  of  its  oil ;  and  the  effect  of  metallic  solotioas, 
such  as  nitrate  of  oxide  of  silver,  in  staining  the  hair,  is  owing  to  the  pie- 
aenoe  of  sulphur. 

The  composition  of  wool  and  feathers  appears  analogous  to  that  of  hair. 
The  quill  part  of  the  feather  was  found  by  Mr.  Hatcheit  to  consist  of  co- 
agulated albumen. 

Silk  is  covered  with  a  peculiar  varnish  which  is  soluble  ia  boiling  water 
and  in  alkaline  solutions,  and  amounts  to  about  23  per  cent  of  the  raw  ma- 
teriaL  By  digestion  in  alcohol*  it  is  also  deprived  of  a  portion  of  wax.  The 
remaining  fibrous  structure  has  been  examined  in  a  very  imperfect  manner. 
By  the  action  of  nitric  acid  it  is  converted  into  carbazoUc  acid. 

The  flesli  of  animals,  or  mu»eU^  consists  essentially  of  fibrin*;  but  hide- 
nendently  of  this  principle,  it  contains  several  other  ingredients,  such  as  al- 
bnmen,  gelatin,  a  peculiar  extractive  matter  called  otmaxomtt  fat,  and  saltSt 
substances  which  are  chiefly  derived  from  the  blood,  vessels,  and-  ceUidar 
membrane,  dispersed  through  the  muscles.  On  macerating  flesh,  cut  into 
small  fragments,  in  suecessive  portions  of  eold  water,  the  albumen,  osroa- 
some,  and  salts  are  dissolved ;  and  on  boiling  the  solution,  the  albumen  is 
coagulated.  From  the  remaining  liquid,  the  osmazome  may  be  procured  in 
a  separate  state  by  evaporating  to  the  consistence  of  an  extract^  and  treating 
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it  with  cold  alcohol.  By  the  action  of  boiling^  water,  the  gelatin  of  the  mufl- 
'  cle  is  dissolved,  the  fat  melts  and  rises  to  the  sur&ce  of  the  water,  and  pure 
fibrin  remains. 

The  characteristic  odour  and  taste  of  soup  are  owinf|r  to  the  osmazome. 
This  substance  is  of  a  yellowish-brown  colour,  And  is  distingubhed  from  the 
other  animal  principles  by  solubility  in  water  and  alcohol,  whether  cold  or  at 
a  boiling  temperature,  and  b^  not  forming  a  jelly  when  its  solution  is  con- 
centrated by  evaporation.  Like  gelatin  and  albumen  it  yields  a  precipitate 
with  infusion  of  gall-nuts. 

Tlie  substance  of  the  brain,  nerves,  and  spinal  marrow  differs  from  that  of 
all  other  animal  textures.  The  most  elaborate  analysis  of  cerebral  matter  b 
by  Vauquelin,  who  found  that  100  parts  of  it  consbt  of  water  80,  albumen  7, 
white  fatty  matter  4.53,  red  fatty  matter  0.7,  osmazome  1.12,  phosphorus  1.5, 
and  acids,  salts,  and  sulphur  5.15.  (Annab  of  Phil,  i.) 

M.  Couerbe  has  discovered  in  the  brain  a  large  quantity  of  cholesterine. 
He  also  states  that  the  brain  of  persons  of  sound  intellect  usually  contains 
from  3  to  2}  per  cent,  of  phosphorus :  in  the  brain  of  idiots  the  phosphorus 
b  about  1  or  1||  per  cent,  and  in  maniacs  it  amounts  to  3,  4,  and  4^  per  cent. 

The  presence  of  albumen  accounts  for  the  partial  solubility  of  the  brain 
in  cold  water,  and  for  the  solution  being  coagulated  by  heat,  acids,  alcohol, 
and  by  the  metallic  salts  which  coagulate  other  albuminous  fluids.  By  act- 
ing upon  cerebral  matter  with  boiliug  alcohol,  the  fatty  principles  and  osma- 
zome are  dbsolved,  and  the  solution  in  cooling  deposites  the  white  fatty 
matter  in  tbe  form  of  crystalline  pbtes.  On  expelling  the  alcohol  by  evapo- 
ration, and  treating  the  residue  with  cold  alcohol,  the  osmazome  is  taken  up, 
and  a  fixed  oil  remains  of  a  reddish-brown  colour,  and  an  odour  like  that  of 
the  brain  itself,  though  much  stronger.  These  two  species  of  fat  differ  little 
from  each  other,  and  both  yield  phosphoric  add  When  deflagrated  with  nitre. 


SECTION  VII. 

PUTREFACTION. 

When  dead  animal  matter  is  exposed  to  air,  moisture,  and  a  moderate 
temperature,  it  speedily  runs  into  putrefaction,  during  which  every  trace  of 
its  original  texture  disappears,  and  products  of  a  very  ofienslve  nature  are 
generated.  The  most  tavonrable  temperature  b  from  60^^  to  80^  or  90^^  F. 
fielow  50^  the  process  takes  place  tardily,  and  at  32^  it  is  wholly  arrested; — 
a  fact,  which  b  clearly  evinced  by  the  circumstance  that  the  bodies  of  ani- 
mals, which  have  been  buried  in  snow  or  ice,  are  found  unchanged  after  a 
long  series  of  years.  The  necessity  of  a  certain  degree  of  mobture  b  shown 
by  the  focility  with  which  the  most  perishable  substances  may  be  preserved 
when  quite  dry.  The  preservation  of  smoked  meat  is  chiefly  owing  to  thb 
cause ;  and,  for  a  like  reason,  animab  buried  in  the  dry  sand  of  Arabb  and 
Egypt  have  remained  for  years  without  change. 

It  is  probable  that  when  mobture  and  warmth  concur,  putrefoction  in 
animal  matter  which  has  not  been  heated  to  212^  will  take  place  indepen- 
dently of  atmospheric  influence.  But  when  animal  matter  has  been  boiled, 
and  IS  then,  without  subsequent  exposure,  completely  protected  from  air,  it 
may  be  preserved  for  years,  even  though  moist  and  in  a  tismperature  favour- 
able  to  putrefaction.  The  practice  of  preserving  every  kind  of  food,  both 
animal  and  vegetable,  now  a  subject  of  extensive  commercial  enterprise,  ad 
fords  ample  demonstration  of  this  statement.  The  mode  generally  adopted 
b  the  following.  Into  a  tin  vessel  b  pbced  any  kind  (^fcwd,  such  as  joints 
of  meat,  fish,  game,  and  vegetables,  dressed  for  the  table ;  and  into  the  inter- 
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■tioet  ifl  poured  «  rich  gravy,  core  being  taken  to  have  the  vessel  completely 
falL  A  tin  cover,  with  a  small  aperture,  is  then  careftUly  fixed  by  solder ; 
and  while  the  wh<ke  vessel  is  perfectly  fbll,  and  at  the  temperature  of  212P, 
the  remaining  aperture  is  closed.  As  the  ingredients  within  cool  and  con. 
tract,  a  vacuum  is  formed  if  the  operation  has  been  skilfully  conducted,  and 
the  sides  of  the  vessel  are  in  consequence  slightly  pressed  in  by  the  weight 
of  the  atmosphere.  In  this  state  the  vessel  may  be  sent  to  tropical  climates 
without  fear  oT  putre&ction ;  and  the  most  deUcate  food  of  one  country  be 
thus  eaten  in  its  original  perfection,  in  a  distant  region,  many  montlis  or 
even  years  afier  its  preparation. 

For  reasons  formerly  mentioned,  animal  matters  oomraonly  undergo  pu- 
trefaction more  rapidly  thsn  those  which  are  derived  from  the  vegetable 
kingdom  (page  494) ;  but  they  are  not  all  equally  disposed  to  putrefy.  The 
acid  and  fiitty  principles  are  less  liable  to  this  change  than  urea,  fibrin,  and 
other  analogous  substances.  The  chief  products  to  which  their  dissolution 
gives  rise  are  water,  ammonia,  carbonic  acid,  and  sulphuretted,  phosphuret- 
ted,  and  carburetted  hydrogen  gases. 


PART    IV. 

ANALYTICAL  CHEMISTRY, 


Tbb  object  of  this  Foarth  Part  of  the  volume  is  to  serve  as  a  ^ide  to 
those  who  purpose  merely  to  skim  the  surface  of  analytical  chemistry.  To 
render  it  a  complete  manual  was  never  intended :  to  do  so  would  be  foreign 
to  the  plan  of  these  Elements,  and  would  encroach  on  space  which  is  devoted 
to  another  purpose.  This  part  is,  therefore,  left  without  addition ;  and  this 
is  done  the  more  willingly,  because  I  hope  at  some  future  period  to  embody 
the  results  of  my  own  experience  in  analytical  chemistry  in  a  separate  vo- 
lume. To  those  who  are  much  occupied  in  the  laboratory  I  would  recom- 
mend the  following  works : — ^The  Analytical  Chemistry  of  Rose,  either  in 
the  original  German  or  the  translation  by  Griffith,  for  processes  of  analysis; 
— FarMiay*8  work  on  Chemical  Manipulation  for  the  delicate  operations  of 
research ;— «nd  Reid*s  Elements  of  Practical  Chemistry  for  experiments  of 
demonstration.  The  few  following  directions  are  thrown  into  three  sec- 
tions, which  treat  of  the  analysis  of  mixed  gases,  of  minerals,  and  of  mine- 
ral waters. 


SECTION  I. 

ANALYSIS  OF  MIXED  GASES. 

Analy$i$  of  Air  or  of  Oa^eous  Mixiuret  containing  Oxygen,— 0£  the  various 
processes  by  which  oxygen  gas  may  be  withdrawn  from  gaseous  mixtures, 
and  its  quantity  determined,  none  are  so  convenient  and  precise  as  the  me- 
thod by  means  of  hydrogen  gas.    In  performing  this  analysis,  a  portion  of 
atmospheric  air  is  careraUy  measured  in  a  graduated  tube,  and  mixed  with 
a  quantity  of  hydrogen  gas  which  is  rather  more  than  sufficient  for  uniting 
with  all  the  oxygen  present  The  mixture  is  then  introduced 
into  a  strong  glass  tube.  A,  called  Volta's  eudiometer,  shown 
in  the  annexed  wood-cut,  and  an  electric  spark  is  passed 
through  it  by  means  of  the  conducting  wires  B,  B,  fixed  into 
the  tube.    The  aperture  is  closed  by  the  thumb  at  the  mo- 
ment of  detonation,  in  order  to  prevent  any  of  the  mixture 
from  escaping.    The  total  diminution  in  volume,  divided  by 
three,  indicates  the  quantity  of  oxygen  originally  contained 
in  the  mixture.    This  operation  may  be  performed  in  a 
trough  either  of  water  or  mercury. 

Instead  of  electricity,  spongy  platinum  may  be  employed  for  causing  the 
union  of  oxygen  and  hydrogen  gases ;  and  while  its  indications  are  very 
precise,  it  has  the  advantage  of  producing  the  effect  gradually  and  withoot  ^ 

detonation.    The  moat  convenient  mode  of  employing  it  with  this  intentioa 
is  the  following.    A  mixture  of  spongy  platinum  and  pipe-clay,  in  the  pro-  | 

portion  of  about  three  parts  of  the  former  to  one  of  the  latter,  is  m«de  mto  I 

a  paste  with  water,  and  then  rolled  between  the  fingers  into  a  globular  form.  j 
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Ill  order  to  preaerve  the  upooff  teztare  of  the  platinuiD,  a  little  hydrodilo- 
rmte  of  ammonia  u  mixed  with  the  paste;  and  when  the  ball  haa  become 
dry,  it  is  cautiooalj  iffnited  at  the  flame  of  a  apirit-lamp.  The  aal  ammo- 
mac,  eacapinr  from  all  pafts  of  the  maaa^vea  it  a  degree  of  porosity  which 
ia  peculiarly  Bi?ourabIe  toita  actioD,  The  ball,  thna  prepared,  afaoold  be 
protected  from  duat,  and  be  heated  to  redneaa  joat  before  hang  need.  To 
inaure  accuracy,  the  hydrogen  employed  ahoold  be  kept  over  mercnzy  ftr  a 
few  houra  in  contact  with  a  platinum  ball  and  a  piece  of  canatic  poCa— 
The  firat  deprives  it  of  traces  of  oxygen  which  it  commonly  confaina,  and 
the  aecond  of  moiatore  and  hydroeulphuric  acid.  The  analysis  most  be  per- 
formed  in  a  mercurial  trough.  The  time  required  for  completely  remoyin^ 
the  oxygen  depends  on  the  diameter  of  the  tube.  If  the  mixture  b  contsined 
in  a  very  narrow  tube^  Uie  diminytion  does  not  arrive  at  ita  full  extapt  in  leaa 
than  twenty  minutea  or  half  an  hour;  while  in  a  veaael  of  an  indi  in  diame- 
ter, the  effect  is  complete  in  the  course  of  five  minutea. 

Mode  of  determining  the  Quantity  of  Nitrogen  in  OaeeouM  Jllixtairea.-— 
Aa  atmospheric  air,  which  has  been  deprived  of  moisture  and  carbonic  acid, 
consists  of  oxygen  and  nitrogen  only,  the  proix)rtion  of  the  latter  is  of 
course  known  as  soon  aa  that  of  the  former  is  determined.  The  only 
method,  indeed,  by  which  chemists  are  enabled  to  estimate  the  quantity  of 
this  gas,  is  by  withdrawing  the  other  gaseous  substances  with  which  it  is 
mixed. 

Mode  of  determining  the  Quantity  of  Carbonic  Acid  in  Oa$etnu  Mixtwrt9. 
— When  carbonic  acid  is  the  only  acid  gas  which  is  present,  as  in  analyzing 
atmospheric  air,  in  the  ultimate  analysis  of  organic  compounds,  and  in  most 
other  analogous  researches,  the  process  for  determining  its  quantity  is  ex- 
ceedingly simple ;  for  it  consists  merely  in  absorbing  that  gaa  by  lime-wato' 
or  a  solution  of  caustic  potassa.  This  is  easily  done  in  the  courae  of  a  few 
minutes  in  an  ordinary  graduated  tube;  or  it  may  be  efiected 
almost  instantaneously  by  agitating  the  gaseous  mixture  with 
the  alkaline  aolution  in  Hopes^s  eudiometer.  This  apparatna,  aa 
repreaented  in  the  figure,  is  formed  of  two  parts  :---of  the  bot- 
tle A,  capable  of  containing  about  twenty  drachms  of  fluid,  and 
fbrnished  with  a  well  ground  stopper  c ;  and  of  the  tube  a,  of 
the  capacity  of  one  cubic  inch,  divided  into  100  equal  parte, 
and  accurately  fitted  by  grinding  to  the  neck  of  the  bottle. 
The  tube,  full  of  gaa,  ia  fixed  into  the  bottle  previously  filled 
with  lime-water,  and  ita  contenta  are  briaUy  agitated.  The 
atopper  c  is  then  withdrawn  under  water,  when  a  portion  of 
liquid  rushes  into  the  tube,  supplying  the  place  of  the  gaa 
which  has  disappeared;  and  the  process  as  afterwards  repeated, 
as  long  as  any  abaorption  ensues.  •    CC 

The  eudiometer  of^Dr.  Hope  was  originally  deaigued  for  ana- 
lyzing air  or  other  similar  mixtures,  the  bottle  being  fflled  with  a  aoliiticm 
of  hydrosttlphuret  of  potaaaa  or  lime,  or  some  liquid  capable  of 
absorbing  oxygen.  To  the  employment  of  this  apparatus  it  haa 
been  objected,  that  the  absorption  is  rendered  slow  by  the  par- 
tial vacuum  which  is  continually  taking  place  within  it,  an  in- 
convenience particularly  felt  towards  Uie  close  of  the  process, 
in  consequence  of  the  eudiometric  liquor  being  diluted  by  the 
admisaion  of  water.  To  remedy  this  defect,  Dr.  Henry  haa 
sabatituted  a  bottle  of  elastio  gum  for  that  of  glaaa,  as  in  the 
annexed  wood-cut,  by  which  contrivance  no  vacuum  can  occur. 
Ftota  the  improved  method  of  analyzing  air,  however,  thia 
inatrument  ia  now  rarely  employed  in  endiometry ;  but  it  may 
be  used  with  advantage  for  absorbing  carbonic  aoid  or  aimi- 
lar  gases,  and  ia  particularly  uaefiil  for  the  purpose  of  demon- 
Btration. 


\^.B 


ANALYSIS  OF  MINERALS.  639 

Mode  ofanalyMing  BRxiuret  of  Hydrogen  and  oiher  Inflammable  €fa$eo^-~ 
When  hydrogen  is  mixed  with  nitrogen,  oxygen,  or  atmoepberic  air,  its 
quantity  is  easily  ascertained  by  causing  it  to  combine  with  oxygen  either 
by  means  of  platinum  or  the  electric  spark.  I^  instead  of  hydrogen,  any 
other  combustible  substance,  such  as  carbonic  oxide,  light  carburetted  hy- 
drogen, or  defiant  gas,  be  mixed  with  nitrogen,  the  analysis  is  easily  effect* 
ed  by  adding  a  sufficient  quantity  of  oxy^n,  and  detonating  the  mixture  by 
electricity.  The  diminution  in  volume  mdicates  the  quantity  of  hydrogen 
contained  in  the  ^s,  and  from  the  carbonic  acid,  which  may  then  be  re- 
moved by  an  alkali,  the  quantity  of  carbon  is  inferred. 

An  elegant  mode  of  converting  carbonic  oxide  into  carbonic  acid  gas, 
suggested  by  Dr.  Henry,  is  to  mix  it  with  rather  more  than  its  own  volume 
of  nitrous  oxide  gas,  and  fire  the  mixture  by  the  electric  spark.  The  two 
gases  mutually  decompose  each  other,  and  give  rise  to  nitrogen  and  car- 
bonic acid  gases.  For  each  measure  of  carbonic  oxide  one  of  carbonic  acid 
is  produced,  one  measure  of  nitrous  oxide  is  decomposed,  and  one  of  nitro- 
gen evolved.  Bv  emplo3ring  a  slight  excess  of  pure  carbonic  oxide,  the 
composition  of  nitrous  oxide  may  be  ascertained.  The  mixed  gases  occupy 
the  same  space  after  deflagration  as  before  it ;  and  the  carbonic  acid  oras 
occupies  the  same  space  as  the  nitrous  oxide  which  had  been  present  (An- 
nals of  Philosophy,  xxiv.  301.) 

When  defiant  gas  is  mixed  with  other  inflammable  gases,  its  quantity  is 
easily  determined  by  an  elegant  and  simple  process  proposed  by  Dr.  Henry 
(page  249).  It  consists  in  mixing  100  measures,  or  any  convenient  quantity 
of  the  gaseous  mixture,  with  an  equal  volume  of  chlorine  in  a  vessel  cover- 
ed with  a  piece  of  cloth  or  paper,  so  as  to  protect  it  from  light  y  and  after 
an  interval  of  about  ten  minutes,  the  excess  of  chlorine  is  removed  by  a 
solution  of  lime  or  potassa.  The  loss  experienced  by  the  gas  to  be  analyzed*' 
indicates  the  exact  quantity  of  olefiant  gas  which  it  had  contained# 

This  method  is  not  correct  when  the  vapours  of  the  dense  hydrocarburets 
are  present.  Thus  when  oil  gas  is  mixed  with  chlorine,  the  diminution  in 
volume  arises  fi-om  the  removal  of  the  combustible  vapours  as  well  as  of 
olefiant  gas ;  for  the  former  are  equally  disposed  as  the  latter  to  unite  with 
chlorine. 

In  mixtures  of  hydrogen,  carburetted  hydrogen,  and  carbonic  oxide,  the 
analytic  process  is  exceedingly  difficult  and  complicated,  and  requires  all 
the  resources  of  the  most  refined  chemical  knowledge,  and  all  the  address  of 
an  experienced  analyst.  The  most  recent  information  on  this  subject  will 
be  found  in  Dr.  Henry's  Essay  in  the  Philosophical  Transactions  for  1824. 


SECTION  IL 


ANALYSIS  OF  MINERALS. 

As  the  very  extensive  nature  of  this  department  of  analytical  chemistry 
renders  a  selection  necessary,  I  shall  confine  my  remarks  solely  to  the  ana^ 
lysis  of  those  earthy  minerals  with  which  the  beginner  usually  commences 
his  labours.  The  most  common  constituents  of  these  compounds  are  silica, 
alumina,  iron,  manganese,  lime,  magnesia,  potassa,  soda,  and  carbonic  and 
sulphuric  acids ;  and  I  shall,  therefore,  endeavour  to  give  short  directions 
for  determining  the  quantity  of  each  of  these  substances. 

In  attempting  to  separate  two  or  more  fixed  principles  from  each  other, 
the  first  object  of  the  analytical  chemist  is  to  bring  them  into  a  state  of 
■dution.  If  they  are  soluble  in  water,  this  fluid  is  preferred  to  every  other 
menstruam ;  bat  if  not,  an  acid  or  any  convenient  advent  may  be  employed. 
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In  many  instances,  however,  the  substance  to  be  analyzed  resists  the  actksi 
eren  of  the  acids,  and  in  that  case  the  following  method  is  adopted : — ^llie 
compound  is  first  cruriied  by  means  of  a  hammer  or  steel  mortar,  and  is 
afterwards  reduced  to  an  impalpable  powder  in  a  mortar  of  agate :  it  is 
then  intimatelf  mixed  with  three,  four,  or  more  times  its  weight  of  poUass, 
soda,  baryta,  or  their  carbonates;  and,  lastly,  the  mixture  is  exposed  in  a 
crucible  of  silver  or  platinum  to  a  strong  heat  During  the  operatkn,  the 
alkali  combines  with  one  or  more  of  the  constituents  of  the  mineral;  and, 
consequently,  its  elements  being  disunited,  it  no  longer  resists  the  actioo  of 
the  acids. 

Analyna  of  Marhle  or  Carbonate  of  Lime. — ^This  analysis  is  easOy  made 
by  exposing  a  known  quantity  of  marble  for  about  half  an  hoar  to  a  &!& 
white  heat,  by  which  means  the  carbonic  acid  gas  is  entirely  expelled,  so 
that  by  the  loss  in  weight,  the  quantity  of  each  ingredient,  supposing  the 
marble  to  have  been  pure,  is  at  once  determined.  In  order  to  ascertain  thai 
the  whole  loss  is  owing  to  the  escape  of  carbonic  acid,  the  quantity  of  this 
^as  may  be  determined  by  a  comparative  analysis.  Into  a  small  flask  cod- 
taining  hydrochloric  acid  diluted  with  two  or  three  parts  of  water,  a  known 
quantity  of  marble  is  gradually  added,  the  flask  being  inclined  to  one  aide 
in  order  to  prevent  the  fluid  from  being  flung  out  of  the  vessel  during  the 
effervescence.  The  diminution  in  weight  experienced  by  the  flask  and  its 
contents,  indicates  the  quantity  of  carbonic  acid  which  has  been  expelled. 

Should  the  carbonate  suffer  a  gre^ieF  loss  in  the  fire  than  when  deoom. 
posed  by  an  acid,  it  will  most  probably  bo  found  to  contain  water.  Hiis 
may  be  ascertained  by  heating  a  piece  of  it  to  redness  in  a  glass  tube,  the 
sides  of  which  will  be  bedewed  with  moisture,  if  water  is  present.  Its 
quantity  may  be  determined  by  cauniog  the  watery  vapour  to  pass  tbroi^h 
a  weighed  tube  filled  with  fragments  of  the  chloride  of  calcium,  by  which 
the  moisture  is  abnorbed. 

Separation  of  lAme  and  Magnena, — ^The  more  common  kinds  of  carbonate 
of  lime  frequently  contain  traces  of  siliceous  and  aluminous  earths,  in  con- 
sequence of  which  they  are  not  completely  dissolved  in  dilute  hydrochknc 
acid.    A  very  frequent  source  of  impurity  is  carbonate  of  magnesia,  which 
is  often  present  in  such  quantity  that  it  forms  a  peculiar  compound  oaBed 
iiia|7iestan  limeetone.    The  analysis  of  this  substance,  so  fkr  as  respects 
carbonic  acid,  is  the  same  as  that  of  marble.    The  separation  of  the  two 
earths  may  be  conveniently  effected  in  the  following  manner.    The  solotioa 
of  the  mineral  in  muriatic  acid  is  evaporated  to  perfect  dryness  in  a  flst 
dish  or  cajfeule  of  porcelain,  and  afler  redissolving  the  residuum  in  a  mode- 
rate quantity  of  distilled  water,  a  solution  of  oxalate  of  ammonia  is  added 
as  long  as  a  precipitate  ensues.    The  oxalate  of  lime  is  then  allowed  to  eub- 
side,  collected  on  a  filter,  converted  into  quicklime  by  a  white  heat,  and 
weighed ;  or  the  oxalate  may  be  decomposed  by  a  red  heat,  and  after  moist* 
enin^  the  resulting  carbonate  with  a  strong  solution  of  carbonate  of  ammo- 
nia, m  order  to  supply  any  particles  of  quicklime  with  carbonic  acid,   it 
should  be  dried,  heated  to  low  redness,  and  regarded  as  pure  carbonate  td 
lime.    To  the  filtered  liquid,  containing  the  magnesia,  a  mixture  of  pore 
ammonia  and  phosphate  of  soda  is  added,  when  the  magnesia  in  the  form 
of  the  ammoniaco-phosphate  is  precipitated.    Of  this  precipitate,  heated  to 
redness,  100  parts,  according  to  Stromeyer,  correspond  to  37  of  pure  mag- 


The  precipitation  of  magnesia  by  means  of  phosphoric  acid  and  am- 
monia,  though  extremely  accurate  when  properly  performed,  requires  several 
precautions.  The  liquid  should  be  cold,  and  either  neutral  or  alkaline. 
The  precipitate  is  dissolved  with  great  ease  by  most  of  the  acids;- and 
Stromeyer  has  remarked  that  some  of  it  is  held  in  solution  by  carbonic 
acid  whether  free  or  in  union  with  an  alkali.  The  absence  of  carbonie  acid 
should,  therefore,  always  be  insured,  prior  to  the  precipitation,  by  heating 
the  solution  to  219^,  acidulating  at  the  same  time  by  hydrochloric  aoid, 
should  an  alkaline  carbonate  be  present    Benelim  has  also  observed^tliat 
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in  wubing  the  ammoniaco-magnettan  phoaphate  on  a  fiRer,  a  portion  of  the 
,  aalt  ia  dissolved  as  soon  as  the  saline  matter  of  the  solution  is  nearly  all 
removed ;  that  is  iq  say,  it  is  dissolved  bjr  pure  water.  Hence  the  edulcora- 
Uon  should  be  completed  by  water,  which  is  rendered  slightly  saline  by 
hydrochlorate  of  ammonia. 

Earthy  Stdohate9.-^Tbe  most  abundant  of  the  earthy  sulphates  is  that  of 
lime,  the  analysis  of  whieh  is  easily  efteeted.  By  boiling  it  for  fifleeo  or 
twenty  minutes  witli  a  solution  of  twice  its  weight  of  carbonate  of  soda, 
double  decomposition  ensues ;  and  the  carbonate  of  lime,  afler  being  col- 
lected on  a  filter  and  washed  with  hot  water,  is  either  heated  to  low  r^nese 
to  expel  the  water,  and  weighed,  or  a(  once  reduced  to  quicklime  bv  a 
white  heat  Of  the  dry  car£)natc,50  parts  correspond  to  28  of  lime.  I'he 
alkaline  solution  is  acidulated  with  hydrochloric  acid,  and  the  sulphuric 
acid  thrown  down  by  chloride  of  barium.  From  the  sulphate  of  baryta,  col- 
lected and  dried  at  a  red  heat,  the  quantity  of  acid  may  easily  be  estimated. 

The  method  of  analyzing  the  sulphate  of  strontia  and  baryta  is  some- 
what different.  As  these  salts  are  difficult  of  decomposition  in  the  moist 
way,  the  ibllowing  process  is  adopted.  The  sulphate,  in  fine  powder,  is 
mixed  with  three  times  its  weight  of  carbonate  of  soda,  and  the  mixture  is 
heated  to  redness  io  a  platinum  crucible  for  the  space  of  an  hour.  Tlie 
ignited  mass  is  then  digested  in  hot  water,  and  the  insoluble  earthy  carbo- 
nate collected  on  a  filter.  The  other  parts  of  the  process  are  the  same  aa 
the  foregoing. 

Mode  of  analyzing  Compounds  of  Silica^  Alumina,  and- Iron, — Minerals^ 
thus  constituted,  are  decomposed  by  an  olkaline  carbonate  at  a  red  heat,  in 
the  same  manner  as  sulphate  of  baryta.  The  mixture  is  aflerwards  digested 
in  dilute  hydrochloric  acid,  by  which  means  all  the  ingredients  of  the  mine- 
ral, if  the  decomposition  is  complele,  are  dissolved.  The  solution  is  next 
evaporated  to  dryness,  the  heat  being  carefully  regulated  towards  the  close 
of  the  process,  in  order  to  prevent  any  of  the  chloride  of  iron,  the  volatility 
of  which  is  considerable,  from  being  dissipated  in  vapour.  By  this  opera- 
tion, the  silica,  though  previously  held  in  solution  by  the  acid,  is  entirely 
deprived  of  its  solubility ;  so  that  on  digesting  the  dry  mass  in  water 
ocidulated  wiih  hydrochloric  acid,  the  alumina  and  iron  are  taken  up,  and 
the  silica  is  left  in  a  state  of  purity.  The  siliceous  earth,  after  subsiding,  is 
collected  on  a  filter,  carefully  edulcorated,  heated  to  redness,  and  weighed. 

To  the  clear  liquid,  containing  peroxide  of  iron  and  alumina,  a  solution 
of  pure  potassa  is  added  in  moderate  excess ;  so  as  not  only  to  throw  down 
those  oxides,  but  to  dissolve  the  alumina.  The  peroxide  of  iron  is  then  col- 
lected  on  a  filter,  edulcorated  carefully  until  the  washings  cease  to  have  an 
alkaline  reaction,  and  is  well  dried  on  a  sand-bath.  Of  this  hydrated  per<» 
oxide,  49  parts  contain  40  of  anhydrous  peroxide  of  iron.  But  the  most  ac- 
curate mode  of  determining  its  quantity  is  by  expelling  the  water  by  a  red 
heaU  This  operation,  however,  should  be  done  with  csre ;  since  any  ad- 
hering particles  of  paper,  or  other  combustible  matter,  would  bring  the  iron 
into  the  slate  of  black  oxide,  a  change  whioh  is  known  to  have  occurred  by 
tlie  iron  being  attracted  by  a  magnet 

To  procure  the  alumina,  the  liquid  in  which  it  is  dissolved  is  boiled  with* 
hydrochlorate  of  ammonia,  when  chloride  of  potassium  is  formed,  the  vo- 
latile alkali  is  dissipated  in  vapour,  and  the  alumina  subsides.  As  soon  atf 
the  solution  is  thus  rendered  neutral,  the  hydrous  alumina  is  collected  on  a 
filter,  dr-ied  by  exposure  to  a  white  heat,  and  quickly  weighed  after  removal 
from  the  fire.  > 

Separalion  ofjronand  Manganeoe, — A  compound  of  these  metals  or  their 
oxides  may  be  dissolved  in  hydrochloric  acid.  If  the  iron  is  in  a  large  pro- 
portion compared  with  the  mangane8e,Hhe  following  process  mav  be  adopted- 
with  advanUge.  To  the  cold  solution  considerably  diluted  with  water,  andr 
acidulated  with  hydrochloric  acid,  carbonate  of  soda  is  gradually  added,  and 
the  liquid  is  briskly  stirred  with  a  glass  rod  during  the  efferveseoce,  in  order 
that  it  may  beoome  highly  cbargeo  with  oarbonio  acid^  By  nentralLtiDf' the 
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•ohitioii  in  this  manner,  it  at  length  attaioi  a  point  at^wbich  the  perosid^  flf 
iron  is  eotirelj  deposited,  leaving  the  Uqoid  colourlen ;  while  the  inaiig;n. 
neee,  by  aid  of  the  free  carbonic  acid,  is  kept  in  solution.  The  iron,  aflar 
■obsiding,  is  collected  on  a  6Iter,  and  its  quantity  determined  in  the  nsval 
manner.  The  filtered  liquid  is  then  boiled  with  an  excess  of  carbonaie  ef 
soda;  and  the  precipitated  carbonate  of  manganese  is  collected,  heated  to 
ilill  redness  in  an  open  crucible,,  by  which  it  u  converted  into  the  red  oxide, 
and  weighed.  I'his  method  is  one  of  some  delicacy ;  but  in  sktUul  hands 
it  affords  a  very  accurate  result  It  may  also  be  employed  for  separatuig^ 
iron  fi'om  magnesia  and  lime  as  well  as  from  manganese. 

But  if  the  proportion  of  iron  is  small  compared  with  that  of  manganeee, 
the  best  mode  of  separating  it  is  by  succinate  of  ammonia  or  loda,  prepared 
by  neutralising  a  solution  of  succinic  acid  with  either  of  those  alkalies. 
That  this  process  should  succeed,  it  is  necessary  that  the  iron  be  wholly  in 
the  state  of  peroxide,  that  the  solution  be  exactly  neutral,  which  may  eaaily 
be  insured  by  the  cautious  use  of  ammonia,  and  that  the  reddisb-brown 
coloured  suocinate  of  peroxide  of  iron  be  washed  with  cold  water..  Of  this 
succinate,  well  dried  at  a  temperature  of  212^,  90  parts  correspond  to  40  of 
the  peroxide.  From  the  filtered  liquid  the  manganese  may  be  precipitated 
at  a  boiling  temperature  by  carbonate  of  soda,  and  its  quantity  detennined 
in  the  way  above  menibned.  The  benzoate  may  be  substituted  for  succinate 
of  ammonia  in  the  preceding  process. 

It  may  be  stated  as  a  general  rule,  that  whenever  it  is  intended  to  preci. 
pitate  iron  bv  means  of  the  alkalies,  the  succinates,  or  benzoates,  it  is  es. 
septiai  that  this  metal  be  in  the  maximum  of  oxidation.  It  is  easily  brought 
into  this  state  by  digestion  with  a  little  nitric  acid. 

SmraiUm  cf  MBn^an€9e  from.  Lime  and  Magnesia. — If  the  quantity  of 
the  former  be  proportionally  small,  it  is  precipitated  as  a  sulphuret  by  hy. 
drosttlpbate  of  ammonia  or  sulphuret  of  potassium.  The  sulphuret  is  thai 
dissolved  in  hydrochloric  acid,  and  the  manganese  thrown  down  as  nsol 
by  means  of  an  alkali.  But  if  the  manganese  be  the  chief  ingredient, 
the  best  method  is  to  precipitate  it  at  once,  together  with  the  two  earths, 
by  a  fixed  alkaline  carbonate  at  a  boiling  temperature.  The  precipi- 
tate, after  being  exposed  to  a  low  red  heat  and  weighed,  is  put  into  cokl 
water  acidulated  with  a  drop  or  two  of  nitric  acid,  when  the  lime  and  mag. 
nesia  will  be  slowljr  dissolved  with  effervescence.  Should  a  trace  of  the 
manganese  be  likewise  taken  up,  it  may  easily  be  thrown  down  by  hydro- 
sulphate  of  ammonia. 

Stromeyer  has  recommended  a  very  elegant  and  still  better  process  for  re^ 
moving  small  quantities  of  manganese  from  lime  and  magnesia.  The  solo> 
tion  is  acidulated  with  nitric  or  hydrochloric  acid,  bicarbonate  of  soda  is  gra- 
dually  added  in  very  slight  excess,  stirring  aAcr  each  addition,  that  the  liquid 
may  be  charged  with  carbonic  acid,  and  a  solution  of  chlorine,  or  a  current 
of  the  gas,  is  introduced.  The  protoxide  of  manganese  is  converted  by  the 
chlorine  into  the  insoluble  hydrated  peroxide,  while  any  traces  of  lime  or 
magnesia,  which  might  otherwise  fall,  are  retained  in  solution  by  means  of 
carbonic  acid.  A  solution  of  chloride  of  soda  or  lime  is  in  fact  our  most 
delicate  test  for  small  quantities  of  manganese. 

Mode  of  analyzing  an  Earthy  Mineral  containing  Silica^  Iron,  Alumina^ 
Manganese,  Lime,  and  Magnesia^ — ^The  mineral,  reduced  to  fine  powder,  is 
ignited  with  three  or  four  times  its  weight  of  carbonate  of  potassa  or  soda, 
the  mass  is  taken  up  in  dilute  hydrochloric  acid,  and  the  silica  separated  in 
the  way  already  described.  To  the  solution,  thus  freed  from  silica  and  dnly 
acidulated,  carbonate  of  soda,  or  still  better  the  bicarbcmatc,  is  gradually 
added,  so  as  to  charge  the  liquid  with  carbonic  acid,  as  in  the  analysis  of 
iron  and  manganese.  In  this  manner  the  iron  and  alumina  are  alone  pre- 
eipitated,  sub^noes  which  may  be  separated  from  each  other  by  means  of 
pure  potassa  (page  641).  The  manganese,  lime,  and  magnesia  may  then  be 
determined  by  the  processes  above  described. 

AnaUfois  of  Minerals  eoniaining  a  Fixed  ilOoZi^When  the  ofcject  is  to 
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determioe  the  quantity  of  fixed  alkali,  aneh  as  potassa  or  aoda,  il  is  of  coorse 
necessary  to  abstain  fh>m  the  employment  of  these  reageuts  in  the  analysis 
itse^;  and  the  beginner  will  do  well  to  devote  his  attention  to  the  alkaline 
ingredients  only.  On  this  supposition,  be  will  proceed  in  the  following  man* 
ner.  The  mineral  is  reduced  to  a  very  fine  powder,  mixed  intimately  with 
six  times  its  weight  of  artificial  carbonate  of  baryta,  and  exposed  for  an  hour 
to  a  white  heat.  The  ignited  mass  is  dissohred  in  dilute  hydrochloric  acid, 
and  the  solution  evaporated  to  perfect  dryness.  The  soluble  parts  are  taken 
up  in  hot  water;  an  excess  of  carbonate  of  ammonia  is  added ;  and  the  in- 
soluble matters,  consisting  of  silica,  carbonate  of  baryta,  and  all  the  consti- 
toents  of  the  mineral,  excepting  Ihe  fixed  alkali,  are  collected  on  a  filter. 
The  clear  solution  is  evaporated  to  dryness  in  a  porcelain  capsule,  and  the 
dry  mass  is  heated  to  redness  in  a  crucible  of  platinum,  in  order  to  expel  the 
salts  of  ammonia.    The  residue  is  chloride  of  potassium  or  sodium. 

In  this  analysis,  it  generally  happens  that  traces  of  manganese,  and  some- 
times  of  iron,  escape  precipitation  in  the  first  part  of  the  process ;  and,  in 
that  case,  they  should  be  thrown  down  by  hydrosulpliate  of  ammonia.  If 
neither  hine  nor  magnesia  is  present,  the  alumina,  iron,  and  manganese  may 
be  separated  by  pure  ammonia,  and  the  baryta  subsequently  removed  by  the 
carbonate  of  that  alkali.  By  this  method  the  carbonate  of  baryta  is  reco- 
vered in  a  pure  state,  and  may  be  reserved  for  another  analysis.  The  baryta 
may  also  be  thrown  down  as  a  sulphate  by  sulphuric  acid,  in  which  case  the 
soda  or  potassa  is  procured  in  combination  with  that  acid ;  but  this  mode  is 
objectionable,  because  the  sulphate  of  baryta  is  very  apt  to  retain  small 
quantities  of  sulphate  of  potassa. 

The  analysis  is  attended  with  considerable  inconvenience  when  magnesia 
happens  to  be  present;  because  this  earth  is  not  completely  precipitated  either 
by  ammonia  or  its  carbonate,  and,  therefore,  some  of  it  remains  with  the 
fixed  alkali.  The  best  mode  with  which  I  am  acquainted,  is  to  precipitate 
the  magnesia  by  phosphate  of  ammonia ;  subsequently  separating  from  the 
filtered  solution  the  excess  of  phosphoric  acid  by  aoKtate  of  lead,  and  that  of 
lead  by  faydrosulphoric  acid.  The  acetate  of  the  alkali  is  then  brought  to> 
dryness,  ignited,  and  by  the  addition  of  sulphate  of  ammonia  converted  into 
a  sulphate. 

In  the  preceding  account,  several  operations  have  been  alluded  to,  which,  ^ 
from  their  importance,  deserve  more  particular  mention.  The  process  of 
filtering,  for  example,  is  one  on  which  the  success  of  analysis 
materially  depends.  Filtration  is  effected  by  means  of  a  glass  ^jij^p 
funnel  U,  into  which  a  filter  C,  of  nearly  the  same  size  and  form,  yf  ^ 
made  of  white  bibulous  paper,  is  inserted.  For  researches  of  de- 
licacy,  the  filter,  before  being  used,  is  macerated  ibr  a  day  or  two 
in  water  acidulated  with  nitric  acid,  in  order  to  dissolve  lime  and 
other  subtitances  contained  in  common  paper,  and  it  is  afierwards 
washed  with  hot  water  till  every  trace  of  acid  is  removed.  It  is 
next  dried  at  212<^,  or  any  fixed  temperature  insufficient  to  de- 
compose it,  and  then  carefully  weighed,  the  weight  being  marked  upon  it 
with  a  pencil.  As  dry  paper  absorbs  hygrometric  moisture  rapidly  from  the 
atmosphere,  tlie  filter,  while  being  weighed,  should  be  inclosed  in  a  light  box 
made  for  the  purpose.  When  a  precipitate  is  collected  on  a  filter,  it  is  wash^ 
ed  with  pure  water  until  every  trace  of  the  original  liquid  is  removed.  It  is 
subsequently  dried  and  weighed  as  before,  and  the  weight  of  the  paper  sub- 
tracted from  the  combined  weight  of  the  filter  and  precipitate.  The  trouble 
of  weighing  the  filter  n^ay  sometimes  be  dispensed  with.  Some  substances, 
such  as  silica,  alumina,  and  lime,  which  are  not  decomposed  when  heated 
with  combustible  matter,  may  be  put  into  a  erucible  while  vet  contained  in 
the  filter,  the  paper  being  set  on  fire  before  it  is  placed  in  the  furnace.  In 
these  instances,  the  ash  from  the  paper,  the  average  weight  of  which  is  de- 
termined by  previous  experiments,  must  be  subtracted  from  the  weight  of 
the  heated  mass. 

The  tests  commonly  employed  in  ascertaming  the  acidity  or  attrtllftKy  of 
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liqaids  are  litmui  and  turmeric  paper.  The  Ibrmer  it  made  b/  digeating  lii- 
mus,  reduced  to  a  fine  powder,  in  a  amallquantitj  of  water,  and  paintiiig 
with  it  white  paper  which  ia  firee  from  alum.  Turmeric  paper  is  made  in  a 
aimilar  manner ;  but  the  moat  convenient  teat  of  alkalinity  ia  litmus  paper 
veddened  by  a  dilute  acid. 


SECTION  III. 

ANALYSIS  OF  MINERAL  WATERS. 

Rain  water  collected  in  dean  vessels  in  the  country,  or  freshly  fallen  i 
when  melted,  affords  the  purest  kind  of  water  which  cau  be  procured  with- 
out having  recourse  to  distillation.  The  water  obtained  from  theee  sources, 
however,  is  not  absolutely  pure,  but  contains  a  portion  of  carbonic  acid  and 
air,  absorbed  from  the  atmosj^ere.  It  is  remarkable  tliat  this  air  is  very 
rich  in  oxygen.  That  procured  from  snow  water  by  boiling  woa  found  by 
Gay.Lussac  and  Humboldt  to  contain  34.8,  and  that  from  rain  water  32  per 
cent  of  oxygen  gas.  From  the  powerfully  solvent  properties  of  water,  this 
fluid  no  sooner  reaches  the  ground  and  -percolates  through  the  soil,  than  it 
dissolves  somo  of  the  substances  which  it  meets  with  in  its  passage.  Under 
common  circumstances  it  takes  up  so  small  a  quantity  of  foreign  matter,  thai 
its  sensible  properties  are  not  materially  affected ;  and  in  this  state  it  gives 
nse  to  9pringt  toe2i,  and  river  water.  Sometimes,  on  the  contrary,  it  be- 
comes BO  strongly  impregnated  with  saline  and  other  substances,  that  it  ac 
quires  a  peculiar  flavour,  And  is  thus  rendered  unfit  for  domestic  uses.  It  is 
then  known  by  the  name  of  mineral  water. 

The  composition  of  spring  water  is  dependent  on  the  nature  of  the  soil 
through  which  it  flows.  If  it  has  filtered  through  primitive  strata,  such  as 
quartz  rock,  granite,  and  the  like,  it  is  in  general  very  pure ;  but  if  it  meets 
with  limestone  or  gypsum  in  its  passage,  a  portion  of  Uiese  salts  is  dissolved, 
and  communicates  the  property  called  kardne99.  Hard  water  is  character, 
iaed  by  decomposing  soap,  the  lime  of  the  former  yielding  an  insoluble  com- 
pound with  the  margaric  and  oleic  acid  of  the  latter.  If  this  defect  is  owing 
to  the  presence  of  carbonate  of  iirae,  it  is  easily  remedied  by  boiling,  when 
free  carbonic- acid  is  expelled,  and  the  insoluble  carbonate  of  lime  subsides. 
If  sulphate  of  lime  is  present,  the  addition  of  a  little  carbonate  of  scxla,  by 
precipitating  the  lime,  converts  the  hard  into  sofl  water.  Besides  these  in- 
gredients, the  clilorides  of  calcium  -and  sodium  are  frequently  contained  in 
spring  water. 

Spring  water,  in  consequence  of  its  saline  impregnation,  is  frequently  unfit 
for  chemical  purposes,  and  on  these  occasions  distilled  water  is  employed. 
Distillation  may  be  performed  on  a  small  scale  by  means  of  a  retort,  in  the 
body  of  which  water  is  made  to  boil,  while  the  condensed  vapour  is  received 
in  a  glass  flask,  called  a  recipient,  which  is  adapted  to  its  beak  or  open  ex- 
tremity.  This  process  is  more  conveniently  conducted,  however,  by  means 
of  a  stlN. 

The  different  kinds  o^  mineral  water  may  be  conveniently  arranged  for 
the  purpose  of  description  in  the  six  divisions  of  actc/v^otis,  alkaline,  cialybe- 
ale,  wlphuretled,  9aline,  and  st/teeeus  springs. 

1.  AeiduUms  springs,  of  whioh  those  of  Seltzer,  Spa,  Pyrmont,  and  Carls- 
bad  are  the  most  celebrated, -commonly  owe  their  acidky  to  the  presence  of 
f>ee  carbonic  acid,  in  consequence  of  the  escape  of  which  they  sparkle  when 
poured  from  one  vessel  into  another.  Such  carbonated  waters  communicate 
a  red-tint  to  litmus  paper  before,  but  not  aAer  being  boiled,  and  the  redness 
disappears  on  exposure  to  the  air.  Mixed  with  a  sufficient  quantity  of  lime- 
valer,  they  booome  turbid*  from  the  deposition  of  carbonate  of  Ume.    They 
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fiwiaentl/  oontiin  the  carbonates  of  lime,  magnesia,  and  protoxide  of  iron, 
in  consequence  of  the  facility  with  which  these  salts  are  dissolved  by  water 
charged  with  carbonic  acid. 

The  best  mode  of  determining  the  quantity  of  carbonic  acid  is 
by  heating  a  portion  of  the  water  in  a  flask,  as  in  the  annexed 
figure,  and  receiving  the  carbonic  acid,  by  means  of  a  bent  tube, 
in  a  graduated  jar  nlled  with  mercury. 

2.  Alkaline  waier%  are  such  as  contain  a  free  or  carbonated 
alkali,  and,  consequently,  either  in  tlicir  natural  state  or  when 
concentrated  by  evaporation,  possess  an  alkaline  reaction. 

These  springs  are  rare.  The  best  instance  I  have  met  with  is 
in  water  collected  at  tbe  Furnas,  St  Michaers,  Azores,  and  sent  to  the  Royal 
Society  of  Edinburgh  by  Lord  Napier.  These  springs  contain  carbonate  of 
soda  and  carbonic  acid,  and  are  almost  entirely  free  from  earthy  substances. 
Of  five  different  kinds  of  these  waters  which  I  examined,  the  greater  part 
also  contained  protoxide  of  iron,  hydrosulphuric  acid,  and  chloride  of  sodium. 

3.  Chalybeate  waters  are  characterized  by  a  strong  styptic,  inky  taste,  and 
by  striking  a  black  colour  with  the  infusion  of  gall-nuts.  The  iron  is  some- 
times  combined  with  hydrochloric  or  sulphuric  acid ;  but  most  frequently  it 
is  in  the  form  of  protocarbonate,  held  in  solution  by  free  carbonic  acid.  On 
exposure  to  the  air,  the  protoxide  is  oxidized,  and  the  hydrated  peroxide  sub- 
sides, causing  the  ochreous  deposite  so  commonly  observed  in  the  vicinity  of 
cbalyt)e&te  springs. 

To  ascertain  the  quantity  of  iron  contained  in  a  mineral  water,  a  known 
weight  of  it  is  concentrated  by  evaporation,  and  the  iron  is  brought  to  the 
state  of  peroxide  by  means  of  nitric  acid.  The  peroxide  is  then  precipi- 
tated by  an  alkali  and  weighed ;  and  if  lime  and  magnesia  are  present,  it 
may  be  separated  from  those  earths  by  the  process  described  in  the  last 
section. 

Chalybeate  waters  are  by  no  means  uncommon ;  but  the  most  noted  in 
Britain  are  those  of  Tun  bridge,  Cheltenham,  and  Brighton.  The  Bath 
water  also  contains  a  small  quantity  of  iron. 

4.  Sulphuretted  toatera,  of  which  the  springs  of  Aiz-la-Chapelle,  Harrow* 
gate,  and  Moffat  afford  examples,  contain  hydrosulphuric  acid,  and  are  easily 
recognized  by  their  odour,  and  by  ceasing  a  brown  precipitate  with  a  salt  of 
lead  or  silver.  The  gas  is  resdily  expelled  by  boiling,  and  its  quantity  may 
be  inferred  by  transmitting  it  through  a  solution  of  acetate  of  oxide  of  lead, 
and  weighing  the  sulphuret  which  is  gencrnted. 

5.  Those  mineral  springs  are  called  ealine,  the  character  of  which  is 
caused  by  saline  compounds.  The  salts  which  are  most  frequently  con- 
tained in  these  waters  are  the  sulphates  and  carbonates  of  lime,  magnesia, 
and  soda,  and  the  chlorides  of  calcium,  magnesium,  and  sodium.  Potassa 
sometimes  exists  in  them,  and  Berzelius  has  found  lithia  in  the  spring  of 
Garlsbad.  It  has  lately  been  discovered  that  the  presence  of  hydriodic  acid 
in  small  quantity  is  not  unfrequent.*  As  examples  of  saline  water  may  be 
enumerated  the  springs  of  Epsom,  Cheltenham,  Bath,  Bristol,  Bareges,  Bux- 
ton, Pitcaithly,  and  Toeplitz. 

The  first  object  in  examining  a  saline  spring  is  to  determine  the  nature  of 
its  ingredients.  Hydrochloric  acid  is  detected  by  nitrate  of  oxide  of  silver, 
and  sulphuric  acid  by  chloride  of  barium ;  and  if  an  alkaline  carbonate  bo 
present,  the  precipitate  occasioned  by  either  of  these  tests  will  contain  a  car- 
bonate  of  oxide  of  silver  or  baryta.  The  presence  of  lime  and  magnesia  may 
be  discovered,  the  former  by  oxalate  of  ammonia,  and  the  latter  by  phos- 
phate of  ammonia.  Potassa  is  known  by  the  action  of  chloride  of  platinum 
(page  297).  To  detect  soda,  the  water  should  be  evaporated  to  dryness,  the 
deliquescent  salts  removed  by  alcohol,  and  the  matter  insoluble  in  that  men- 

*  The  salt  spring  at  Theodorshalle,  in  Germany,  contains  a  considerable 
quantity  of  brommc.    See  note,  page  233. — Ed. 


646  ahaltsis  or  miniral  watebs. 

•traum  taken  up  by  a  small  qaantity  of  water,  and  allowed  to  cr^atalliaa  by 
•pontaneoos  evaporation.  The  salt  of  soda  may  then  be  recognized  by  Uw 
rich  yellow  colour  which  it  communicates  to  flame  (page  302).  If  tho  pve- 
sence  of  bydriodic  acid  be  suspected,  the  solution  is  brought  to  dryness,  the 
soluble  parts  dissolved  in  two  or  tliree  drachms  of  a  cold  solution  of  starch, 
and  strong  sulphuric  acid  gradually  added  (page  229). 

Having  thus  ascertained  the  nature  of  the  saline  ingredients,  their  quan- 
tity may  be  determined  by  evaporating  a  pint  of  water  to  dryness,  heating 
to  low  redness,  and  weighing  the  residue.  In  order  to  make  an  exact  ana- 
lysis,  a  given  quantity  of  the  mineral  water  is  concentrated  in  an  evaporatiDj^ 
bssin  as  far  as  can  be  done  without  causing  either  precipitation  or  crystal- 
lization, and  the  reudual  liquid  b  divided  into  two  equal  parts.  From  ome 
portion  the  sulphuric  and  carbonic  acids  are  thrown  down  by  nitrate  of  ba- 
ryta, and  after  collecting  the  precipitate  on  a  filter,  the  hydrochloric  acid  is 
precipitated  by  nitrate  of  oxide  of  silver.  The  mixed  sulphate  and  carbo- 
nate is  exposed  to  a  low  red  heat,  and  weighed ;  and  the  latter  is  then  dis- 
solved by  dilute  hydrochloric  acid,  and  its  quantity  determined  by  weighing 
the  sulphate.  The  chloride  of  silver,  of  which  143.42  parte  correspond  to 
36.42  of  hydrochloric  acid,  is  fused  in  a  platinum  spoon  or  crucible,  in  order 
to  render  it  quite  free  from  moisture.  To  the  other  half  of  the  concentrated 
mineral  water,  oxalate  of  ammonia  is  added  for  the  purpose  of  precipiteting 
the  lime ;  and  the  magnesia  is  afterwards  thrown  down  as  the  ammoniaco- 
phospbate,  by  means  of  ammonia  and  phosphoric  acid.  Having  thus  deter- 
mined the  weight  of  each  of  the  fixed  ingrcdiente  excepting  Ujo  soda,  the 
loss  of  course  gives  the  quantity  of  that  alkali ;  or  it  may  be  procured  in  a 
separate  stete  by  the  process  described  in  the  foregoing  section. 

The  individual  constituents  of  the  water  being  known,  it  remains  to  de^ 
termine  the  sUte  in  which  they  were  ori^nally  combined.  In  a  mineni 
water  conUining  sulphuric  and  hydrochloric  acids,  lime,  and  soda,  it  is  ob- 
vious that  three  cases  are  possible.  The  liquid  may  conteia  sulphate  of  lime 
and  chloride  of  sodium,  or  chloride  of  calcium  and  sulphate  of  soda;  or  eac& 
acid  may  be  distributed  between  both  the  bases.  It  was  at  one  time  sup- 
posed that  the  lime  must  be  in  combination  with  sulphuric  acid,  because  the 
sulphate  of  that  earth  is  left  when  the  water  is  evaporated  to  dryness.  This, 
however,  by  no  means  follows.  In  whatever  stete  the  lime  may  exist  in  the 
original  spring,  gypsum  will  be  generated  as  soon  as  the  concentration 
reaches  that  degree  at  which  sulphate  of  lime  cannot  be  held  in  solutioD. 
The  late  Dr.  Murray,  who  treated  this  question  with  much  sagacity,  ob- 
serves that  some  mineral  waters,  which  contein  the  four  principles  above 
mentioned,  possess  higher  medicinal  virtues  than  can  be  justly  ascribed  to 
the  presence  of  sulphate  of  lime.  He  advances  the  opinion  that  alkaline 
bases  are  united  in  mineral  waters  with  those  acids  with  which  they  form 
the  most  soluble  compounds,  and  that  the  insoluble  salte  obteined  by  evapo- 
ration are  merely  producte.  He,  therefore,  proposes  to  arrange  the  sob- 
stences  determined  by  analysis  according  to  this  supposition.  (Edin.  PhiL 
Trans,  vii.)  To  tliis  practice  there  is  no  objection ;  but  it  b  probable  that 
each  acid  is  rather  distributed  between  several  bases  than  combined  excio- 
sively  with  either  (page  129). 

Sea- water  may  be  regarded  as  one  of  the  saline  mineral  waters.  Ite  teste 
is  disagreeably  bitter  and  saline,  and  ite  fixed  constituente  amount  to  about 
three  per  cent  Ite  specific  gravity  varies  from  k0269  to  1.0285;  and  it 
freezes  at  about  QS£^  F.  According  to  the  analvsis  of  Dr.  Murray,  10,000 
parte  of  water  from  the  Frith  of  Forth  contein  220.01  parte  of  common  salt, 
33.16  of  sulphate  of  soda,  42.08  of  muriate  of  magnesia,  and  7.84  of  muriate 
of  lime.  Wollaston  detected  potassa  in  sea- water,  which  likewise  conteins 
small  quantities  of  bydriodic  and  hydrobromic  acids. 

The  water  of  the  Dead  Sea  has  a  far  stronger  saline  impr^nation  than 
sea-water,  oonteining  one-fourth  of  ite  weight  of  solid  matter.  It  has  a  pe- 
enliarly  bitter,,  saline,  and  pungent  teste,  and  ite  specific  gravity  is  IJUl. 
According  to  the  analysis  of  Marcet,  100  parte  of  it  ar»  composed  of  nro- 
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riate  of  maffnesk  10iM6,  muriate  of  ioda  1036,  muriate  of  lime  3^  and 
sulphate  of  lime  0.054.  In  the  river  Jordan,  which  flows  into  the  Dead  Sea, 
Marcet  diaoovered  the  eame  principles  as  in  the  lake  itself. 

6.  SSlie€OU9  waten  are  very  rare,  and  in  those  hitherto  discovered,  the 
silica  appears  to  have  heen  dissolved  hy  means  of  soda.  The  most  remark- 
able of  these  are  the  boiling  springs  of  the  Geyser  and  Rykum  in  Iceland,  a 
gallon  of  which,  aocordin?  to  the  analjrsis  of  Black,  contains  the  following 
substances :  (Edinburgh  rhilos.  Trans.  iiL  95.) 


Geyser. 

Rykum 

Soda     . 

5.56 

3 

Alumina 

2.8 

059 

Silica     . 

.     31ii 

21.83 

Muriate  of  soda 

14.42 

16.96 

Sulphate  of  soda 

8.57 

7.53 

The  hot  springs  of  Pinnarkoon  and  Loorgootha  in  India  are  analogous  to 
the  foregoing.  A  gallon  of  the  water  yields  about  24  grains  of  solid  matter ; 
and  the  saline  contents,  sent  to  Dr.  Brewster  by  Mr.  P.  Breton,  I  found  to 
contain  21.5  per  cent  of  dlica,  19  of  chloride  of  sodium,  19  of  sulphate  of 
soda,  19  of  carbonate  of  soda,  pure  soda  5,  and  15.5  of  water.  (Edinburgh 
Joomal  of  Science,  No.  xvii.  p.  97.) 

It  is  remarkable  that  nitrogen  gas  very  generally  occurs  in  hot  springs.  It 
was  found  by  Longchamp  in  various  hot  springs  of  France,  and  a  similar 
observation  has  been  made  by  Dr.  Daubeny.  Its  probable  source  is  clearly 
referable  to  atmospheric  air  contained  in  water,  which  air  has  been  deprived 
of  its  oxygen  by  dxemical  changes  in  the  interior  of  the  earth. 
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TABLE 

SImnmg  the  CamjpoiUian  of  tevertd  of  the  Principal  Mineral  Watert. 
(From  Dr.  thnry*%  £lemento.) 

[N.  B.  The  tomperatare,  when  not  expressed,  is  to  be  understood  to  be 
490  or  50^  Fahrenheit] 

I.  Carbokatkd  Watkbs. 


SiLTZXE.    Bergmann. 

In  each  wine  pint 

Carbonic  add    .    .    .    .17  eab.  in. 


Specific  SfTETity  1.0027. 
Carbonate  of  eoda  .... 
-  of  magnesia    .    . 

■  of  lime  .    . 

Chloride  of  sodiam 


4gr. 

3 
17 

39 


Carlsbad.  (Temperature  165^  F.) 

Berzelios. 

In  a  wine  pint. 

Carbonic  acid    ....    5  cub.  in. 


In  1000  parts  by  weight. 
Sulphate  of  soda    .    .    S.58714  grs. 
Carbonate  of  soda  .    . 
Chloride  of  sodium 
Carbonate  of  lime  .    . 
Flaateofdo.     .    .    . 
Phosphate  of  do.    .    . 
Carbonate  of  strontta . 
of  magnesia 


Phosphate  of  alumina 
Caibonate  of  iron 


1.25200 
1.04893 
0.31219 
0.00331 
0.00019 
0.00097 
0.18221 
0.00034 
0.00424 


of  manganese,  a  trace 
Silica 0.07504 


5.46656 


Spa.    Bergmann. 

Specific  grsTity  1.0010. 

In  each  wioe  pint. 

Carbonic  acid  ....     13  cabi  in. 


Carbonate  of  soda'    .    . 

of  magnesia 

of  lime 


Chloride  of  sodium 
Oxide  of  iron  .    . 


4.5 
1-5 
Oil 
0.6 


a3 


Ptrmont.    Bergmann. 

Specific  gravity  1.0024. 

In  each  wine  pint. 

Carbonic  acid    ....  36  cob.  in. 


Carbonate  of  magnesia 
of  lime 


Sulphate  of  magnesia 
of  lime 


Chloride  of  sodium 
Oxide  of  iron     .    . 


10 
4.5 

5.5 
&5 
1.5 
0.6 

30.6 


««• 


PouGKs.    Hassenfratz. 
In  each  wine  pint. 
Carbonic  acid    ....  30  cab.  in. 


Carbonate  of  soda  .    . 

of  magnesia 

of  lime  .    . 


Chloride  of  sodium 
Oxide  of  iron  .  . 
Silica 


10  0TS. 

1.S 
12 
2J2 

O^ 


28L4 
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11.   SuiiPHURBTTlD   WaTBRS. 


Aix-LA-CBAnLLB.    Bergnunn. 

Temperature  143<^. 

In  etch  wine  ptot 

Sulphuretted  hydrogen  .  5^  cub.  in. 


Carbonate  of  soda . 
of  lime  . 


Muriate  of  soda 


12      gra. 
'4.75 
5 

21.75 


Cheltenham,  Sulphur  Spring. 

Brande  and  Parkes. 

Specific  gravity  1.0085. 

In  each  wine  pint. 

Carbonic  acid  .    .    .    .1.5  cub.  in. 

Sulphuretted  hydrogen  .  2.5 


Sulphate  of  soda     .    . 

of  magoesia . 

.  of  lime     .    . 


Muriate  of  soda 
Oxide  of  iron 


23.5  gra. 

5 

1.2 
35 

0.3 


Leamington,  Sulphur  Water. 

Scndamore. 

Specific  gravity  1.0042. 

Sulphuretted  hydrogen,  quantity  not 

ascertained. 

In  each  pint 
Muriate  of  soda     .    . 

^ of  lime     .    . 

-  of  magnesia 


Sulphate  of  soda 
Oxide  of  iron 


15      grs. 

7.96 

3.30 
11.60 
a  trace 


37.86 


MovFAT.    Garnet. 

Nitrogen 0.5  cub.  ia. 

Carbonic  acid ....    0.6 
Sulphuretted  hydrogen .    1.2 


Muriate  of 


45  grs. 


Harrowgate  Water. 

New  Well,  at  the  Crown  Inn, 

(West  Quart  Joum.  xv.  82.) 

Specific  gravity  1.01286  at  69°. 

One  wine  gallon  contains 

Sulphuretted  hydrogen    6.4   cub.  in. 

Carbonic  acid    .    .    .    5J25 

Azote 6.5 

Carburetted  hydrogen     4.65 


Also, 
Muriate  of  soda  .    . 

of  lime  .    . 

of  magnesia 


22.8 


fiicarbonate  of  soda 


735 
71.5 
43 
14.75 

864i25 


grs. 


Old  WtU. 
Sp.  gr.  1.01324  at  60°. 
Sulphuretted  hydrogen  14      cub.  in. 
Carbonic  acid  .    .    .      455 
Azotic  gas    ....       8 
Carburetted  hydrogen      4.15 


30.4 

.  752       grs. 
.      65.75 
.      29.2 
.      12.8 

859.75 


Also, 
Muriate  of  soda  .    . 

.  of  lime  .    . 

of  magnesia 


Bicarbonate  of  soda 


III.  Saline  Waters. 


SxiDUTZ.    Bergmann. 

Specific  gravity  1.0060, 

In  a  pint. 

Carbonate  of  magnesia 

•  of  lime 


9.5  grs. 
0.8 


Sulphate  of  magnesia . 
-^—  of  lime  .  . 
Muriate  of  magnesia  , 


180 
5 
45 

mi 


Cheltenham,  pure  saline. 
Parkes  and  Brande. 


In  each  pint. 

Sulphate  of  soda     .    . 

of  magnesia  . 

of  lime     .    • 


Moziste  of  soda 


15 
11 
4.5 

50 

las 


grs. 


S5 
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Lkuomoton,  nline.    Scudamore. 

Specific  gravity  1.0119. 

In  a  pint 

.  53.75  gra. 

.  28.64 

.  20.16 

.  7.83 


Muriate  of  soda    . 
^-^^  of  lime    .    , 
— —  of  raagnena 
of  Mda  .    . 


Sulphate 
Oxide  of  iron 


a  trace 


110^ 


LsAiiufQTON,  Lord  Aylesford's  Spring. 
Scudamore. 
Specific  gravity  1.0093. 
In  a  pint 
Muriate  of  soda    .    . 
— i^.-  of  lime     .    . 
of  magnesia 


Sulphate  of  soda 
Oxide  of  iron   . 


12i25  grs. 

28i24 

5.22 

32.96 

a  trace 


7a67 


Bristol.    Carrick. 

Temp.  74<5.    Sp.  gravity  1.00077. 

In  each  pint. 

Carbonic  acid      ...    3.5  cub.  in. 


Carbonate  of  lime  . 
Sulphate  of  soda  .  . 
— — -  of  lime  .  . 
Muriate  of  soda  .  . 
—  of  magnesia 


1.5  grs. 
1.5^ 
1.5 
0.5 

1 


Bath.    Phillips. 
Temp.  109©  to  117°.    Sp.  gr.  1.002. 

In  each  pint. 
Carbonic  acid       ...    1.2  cub.  in. 

Carbonate  of  lime    ...  0.8  grs. 

Sulphate  of  soda  ....  1.4 

of  lime  ....  9.3 

Muriate  of  soda   ....  3.4 

Silica 0.2 

Oxide  of  iron.    .    .-   .    .  a  trace 

111 


Bath.    Solid  contents. 
Scudamore. 


Muriate  of  lime  .  . 
— —  of  magnena 
Sulphate  of  lime  .  . 
-»—  of  soda  .    . 


Silica 

Oxide  of  iron   .... 
Loss,  partly  carb.  of  soda 


1.3    gTB. 

1.6 

9^ 

0^ 

0J2 

0.O1985 

0.58015 


14 

Mr.  Cuff  has  found  both  [ 

iodine  in  the  Bath  waters. 


BurroN.    Scudamore. 

Sp.  gr.  at  60O  1.0006.    Temp.  82©. 

In  a  wine  gallon. 

Carbonic  acid    ...    1.5    cob.  is. 
Nitrogen 4.64 


Muriate  of  magnesia 
of  soda .    . 


OMm. 
3.40 
0.60 
.  10.40 


Sulphate  of  lime 
Carbonate  of  lime 
Extractive  and  vegetable  i  a  rn 
matter  .  .  .  .  (  ""^ 
Loss 0.52 

15~ 
Or,  according  to  Dr.  Murray's  views. 


Sulphate  of  soda 
Muriate  of  lime 
— — ^—  of  soda  . 


.  of  mt 


ia|paesia 


Carbonate  of  hme 
Extract  and  loss 


0.63  grs. 
0.57 
1.80 
0.58 
10.40 
1.02 

15 


Matlock  Bath.    Scudamore. 
Temp.  680.    Sp.  gr.  1.0003. 

Free  carbonic  acid. 

Muriates  and  ^  magnesia,  lime,  aod 
sulphates  of  (  soda? 

in  very  minute  quantities  not  yet  as- 
certained. 


COMPOSITION  or  MINXRAL  WATERS. 


651 


IV.  Chalybeatb  Waters. 


TuNBRDxiB.    Scodamore. 

Specific  gravity  1.0007. 

iDvaehgalloii. 


Muriate  of  soda 
— ^— ^-  of  lime  .    . 
— —  of  magnesia 
Sulphate  of  lime 
Carbonate  of  lime  . 
Oxide  of  iron 


3.46  grs. 

0.39 

Oi29 

1.41 

OSil 

2.22 


Traces  of  manganese,  ve-  >  ^  ^^ 

getaUe  fibre, siUca,  &c.  J  "** 

Loss 0.13 

7.61 

Cbeltsnhah.   Brande  and  Parkes. 
Specific  gravity  1.0092. 
In  a  pint. 
Carbonic  acid  ....    2.5  cub.  in. 


Carbonate  of  soda  . 
Sulphate  of  soda  .  . 
■  of  magnesia 

of  lime  .    . 

Muriate  of  soda  .  . 
Oxide  of  iron  .    .    . 


0.5  grs. 
22.7 

6 

2ii 
41.3 

0.8 


73.8 


Brighton.    Marcet. 

Specific  gravity  1.00108. 

Carbonic  acid  gas     .    .    2||  cub.  in. 

Sulphate  of  iron 
of  lime 


Muriate  of  soda 
—  of  magnesia 
Silica    .    .    7.    . 
Loss 


1.80  grs. 

409 

1.53 

0.75 

%14 

0.19 


8.5 


Harrowoate,  Oddie*8  Chalybeate. 

Scudamore. 

Specific  gravity  1.0053. 

In  each  gallon. 


Muriate  of  soda    .    . 
— ^—  of  lime     .    . 

of  magnesia 

Sulphate  of  lime    .    . 
Carbonate  of  do.   .    . 

of  magnesia , 

Oxide  of  iron    .    .    . 
Residue,  chiefly  silica 


grs. 


344.46 


APPENDIX. 


I  AM  indebted  to  Mr.  Grabam  for  the  foUowing  iDterestiog  oommuiiicitioD 
on  oertain  hydrated  salts  and  peroxides,  and  on  phosphuretted  hydrogen. 

Various  classes  of  salts,  besides  the  arseniates  and  phosphates,  oootam 
water  which  is  essentia)  to  their  constitution,  of  which  the  sulphates  o*^™f- 
nesb,  and  the  protoxides  of  zinc,  manganese,  iron,  copper,  nickel,  and  oobah 
arc  examples.  These  salts  crystallize  from  their  aqueous  solution  either  wito 
seven  or  five  equivalents  of  water  (page  435),  one  of  which  is  in  a  state^ 
much  more  intimate  union  than  the  other  six  or  four.  Thus,  caystaliiM 
sulphate  of  oxide  of  zinc  loses  six  eq.  of  water  at  a  temperature  not  ^^^^^ 
ing  65^  when  pla<^  over  sulphuric  acid  in  vacuo,  but  retains  one  eq.  cf 
water  at  410°,  and  all  inferior  temperatures.  The  salt  may  be  viewed  as  a 
sulphate  of  oxide  of  zinc  i^id  water,  with  six  eq.  of  water  of  crystellizatiflo; 

a  constitution  which  may  be  expressed  as  follows,  HZnS-f-GH.  "niis  •ol- 
phaie  of  zinc  may  be  made  anhydrous,  but  when  moistened  always  regains 
one  eq.  of  water,  slaking  with  the  evolution  of  heat  This  last  eqnivaleot  of 
water  appears  to  discharge  a  basic  function  in  the  constitution  of  tiie  satt, 
and  aiTords  a  clue  to  the  msposition  of  this  sulphate  to  form  double  sulphates. 
Sulphate  of  oxide  of  zinc  combines  with  sulphate  of  potassa,  and  forms  a 
well-known  double  salt  (page  441),  in  which  the  basic  water  of  the  sulphate 
of  zinc  is  replaced  by  sulphate  of  potassa  without  any  farther  change.     The 

formula  of  the  double  sulphate  is  (KS)ZnS+6H.  In  the  double  salt,  the 
whole  six  eq.  of  water  are  retained  with  somewhat  greater  force  than  in  the 
simple  sulphate,  but  even  the  double  salt  becomes  anhydrous  bekyw  213^  in 
vacua 

The  sulphates  of  the  other  metallic  oxides  mentioned  are  quite  analogous 
to  sulphate  of  oxide  of  zinc  in  their  habitudes  with  water,  although  the  par- 
ticular temperature  at  which  they  part  with  their  water  of  crystdlization  is 
different  in  each.  The  analogy  holds  also  in  the  double  sulphates  of  those 
oxides. 

Of  hydrous  sulphate  of  lime  or  gypsum,  the  two  eq.  of  water  whi^  it 
contains  appear  to  be  essential,  and  are  retained  at  fil^r  At  a  temperature 
not  exceeding  270°,  this  salt  becomes  anhydrous,  but  retains  the  power  of 
recombining  with  two  eq.  of  water  or  setting.  The  salt  is  then  in  a  peculiar 
condition.  Heated  above  300°  the  salt  becomes  properly  sulphate  of  lime, 
and  has  lost  the  disposition  to  combine  with  water. 

Berzelius  found  the  peroxide  of  tin  formed  by  the  action  of  nitric  acid  on 
metallic  tin  to  difibr  in  certain  properties  from  the  same  compound  preeipi> 
tated  firom  a  persalt  of  tin  by  an  alkali,  and  distinguished  the  first  nnider  the 
name  of  the  nitric  acid  peroxide  of  tin.  Both  peroxides  combine  with  hydro- 
chloric  acid,  but  the  hydrochlorate  of  the  nitric  acid  peroxide  is  peculiar  in 
beinpr  insoluble  in  water  strongly  acidulated  with  hydrochloric  add.'  The 
precipitated  peroxide  of  tin  assumes  all  the  ]M«perties'of  the  other  modifioa. 
tion  when  kept  for  some  time  in  boiling  water,  or  even  when  strongly. jdried 
49ver  sulphuric  acid  in  vacuo  at  the  ordinary- temperature  .of  the  atmospliere.  • 
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The  two  inodi6catioii8  are  merely  di£Eerent  hydrates  of  the  peroxide  of  tin, 
but  it  19  difficult  to  afloertain  what  proportion  of  water  ia  essential  to  each. 
The  hydrates  combine  with  acids  and  form  two  sets  of  compounds ;  but  ab- 
solute peroxide  of  tin  itself  (which  is  obtained  by  heating  the  hydrated  per- 
oxide  to  redness)  has  no  disposition  to  combine  with  acids. 

Rose  has  shown  that  the  two  kinds  of  phosphuretted  hydrogen,  one  of 
which  is  spontaneously  inflammable  in  air,  and  the  other  not  so,  are  of  the 
same  composition  and  specific  gravity.  To  account  for  their  possessing  dif> 
fercnt  properties  recourse  is  had  to  the  doctrine  of  isomerism.  But  the  ob- 
senrations  of  Graham  indicate  tlie  existence  of  a  peculiar  principle  in  the 
spontaneously  inflammable  species,  which  principle  may  be  with^nwn,  and 
leaves  the  gas  not  spontaneously  inflammable. 

1.  The  peculiar  principle  is  withdrawn  by  charcoal,  which  has  been  heated 
to  redness  and  cooled  under  mercury,  in  the  proportion  of  l-50Qdth  part  of 
the  volume  of  tlie  gas,  with  a  contraction  of  not  more  than  1  per  cent,  the 
greater  part  of  which  is  due  to  tlie  absorption  of  a  portion  of  the  gas  itself 
by  the  charcoal.  Baked  clay  has  a  similar  eflect  upon  the  gas.  The  pecu- 
liar principle  appears  to  be  present  in  a  small,  almost  infinitesimal  propor- 
tion, and  cannot  be  separated  again  from  the  porous  absorbent  by  whidi  it 
has  been  taken  up. 

2.  The  vapours  of  essential  oils,  of  naphtha,  and  of  ether,  defiant  gas, 
and  the  other  carburets  of  hydrogen,  destroy  the  peculiar  principle  in  a  short 
time,  or  prevent  its  action. 

3.  Concentrated  phosphorous  and  phosphoric  acids  withdraw  the  peculiar 
principle;  so  does  arsenic  acid,  but  the  last  quickly  reacts  on  the  phosphu- 
retted hydrogen  itself.  A  little  air  destroys  the  inflammability  of  a  large 
quantity  of  gas,  probably  from  the  phosphoric  acid  which  is  produced. 

4.  A  most  minute  quantity  of  potassium  or  of  the  amalgam  of  potassium 
destroys  the  spontaneous  inflammability  without  occasioning  any  reduction 
of  volume  that  could  be  measured.    Caustic  potassa  has  not  this  cfiTect 

The  property  of  taking  fire  spontaneously  in  air  may  be  communicated  to 
phosphuretted  hydrogen,  which  does  not  possess  it,  by  a  very  slight  impreg- 
nation of  nitrous  acid  vapour.  The  quantity  of  nitrous  acid  vapour  should 
not  much  exceed  1  measure  to  1000  measures  of  the  gas :  when  the  propor- 
tion of  nitrous  acid  is  greater,  the  mixture  is  not  spontaneously  inflammable, 
but  becomes  ^o  on  diluting  it  with  phosphuretted  hydrogen.  The  gas  con- 
tinues spontaneously  inflammable  for  24  or  48  liours  over  water,  but  for  a 
shorter  period  when  kept  over  mercury.  Pore  nitric  oxide  impedes  the  oxi- 
dation of  phosphuretted  hydrogen,  and  cannot  be  substituted  for  the  nitrous 
acid.  The  addition  of  nitrous  acid  to  the  phosphuretted  hydrogen  may  be 
made  in  various  ways.  Commercial  sulphuric  acid,  diluted  with  three 
volumes  of  water  and  cooled,  contains  nitrous  acid,  which  it  imparts  to 
phosphuretted  hydrogen  agitated  in  a  phial  along  with  it.  Hence,  too,  the 
hydrogen  gas  evolved  at  the  beginning  of  the  action  of  sulphuric  acid  upon 
zinc,  often  suffices  for  making  phosphuretted  hydrogen  inflammable,  when 
added  to  the  extent  of  half  a  volume.  The  nitrous  acid  of  Dulong  may  be 
added  direetly  to  phosphuretted  hydrogen  over  mercury  by  passing  it  up  in 
a  glass  spherule.  The  most  convenient  process,  however,  is  to  impregnate 
hydrogen  gas  first  with  nitrous  acid.     For  that  purpose,  to  a  three-ounce 

Siial  add  a  drachm  of  nitric  acid  with  a  few  drops  of  the  nitrous  acid  of 
ulong.  Fill  up  the  phial  with  water,  and  make  use  of  it  as  a  receiver  to 
collect  hydrogen  gas.  The  addition  to  phosphuretted  hydrogen  of  ^th  or  ^th 
of  its  volume  of  this  nitrous  hydrogen,  does  not  disturb  the  transparency  of 
that  gas,  but  renders  it  highly  inflammable.  A  greater  proportion  of  the 
nitrous  hydrogen  is  generally  injurious. 

Now,  phosphurett^  hydrogen  made  inflammable  in  this  way  has  a  great 
analogy  to  the  gas  procured  at  first  in  a  spontaneously  inflammable  state  by 
the  common  processes.  The  fiictitious  gas  is  deprived  of  its  spontaneous 
inflammability  by  poroos  absorbents,  by  carboreta  of  hydrogen,  by  amalgam 
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of  poUMium,  bot  not  by  phospborie  add.    Neithto  ga  eon  be  k^pt ' 
mercury  for  a  Umg  period  without  loeing  its  ipontaaeooe  inflammahili^. 

It  aeems  probable,  from  the  action  of  potasaiuro  and  the  earborets  of 
hydrogen  on  the  ordinary  aponiuieoaBly  inflammable  gaa,  that  its  pecolinr 
principle  is  an  oxygenated  body.    It  cannot  be  nitrons  acid,  but  it  may  be  a 

compound  of  phosphorus  and  oxygen,  1^,  analogous  to  nitrous  acid.     In  all 

the  reactions  by  which  the  spontaneously  inflammable  pbosphuretted  hydro- 
gen is  produced,  we  have  the  formation  of  compounds  of  pbospboms   and 

oxygen,  such  as  hypophosphorous  and  phosphoric  acids.    The  compound  P 

is  hypothetic,  however,  and  has  not  been  formed  directly,  altfaou^  the  com. 
plete  analogy  between  pbosphuretted  hydrogen  and  ammonia  anords  a  pre- 
sumptive argument  of  its  possible  existence. 

Nitrous,  or  rather  hyponitrous,  acid  has  a  disposition  to  unite  with  other 
acids.  It  may,  therefore,  promote  the  oxidability  of  pbosphuretted  hydngai 
in  air,  by  uniting  with  the  resulting  acid  compound  of  phosphonin  and  oxy- 
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TABLE  I. 

TABLE  of  the  eia9tie  Force  of  Aqueouo  Vapour  at  difforetA  TVmperofuref , 
expresoed  in  fncheo  of  Mercury. 


Tkmp. 
Fahr. 

Force  of  Vapour. 

Temp. 

Fahr. 

Force  of  Vapour. 

Tkmp. 
Fahr. 

Force  of  Vapour. 

Dalton. 

Ure. 

Dalian. 

Ure. 

DaltoD. 

Ure. 

320 

0^0 

0.200 

790 

0.971 

1260 

3.89 

33 

0.207 

80 

1.00 

1.010 

127 

4.00 

34 

0.214 

81 

1.04 

128 

4.11 

35 

0.221 

82 

1.07 

129 

4.22 

36 

0.229 

83 

1.10 

130 

4.34 

4  366 

37 

0.237 

84 

1.14 

131 

4.47 

38 

0.245 

85 

1.17 

1.170 

132 

4.60 

39 

0.254 

86 

1.21 

133 

4.73 

40 

0.263 

0.250 

87 

1.24 

134 

4.86 

41 

0.273 

88 

1.28 

135 

5.00 

5.070 

42 

0.283 

89 

1.32 

136 

5.14 

43 

0.294 

90 

1.36 

1.360 

137 

5.29 

44 

0.305 

91 

1.40 

138 

5.44 

45 

0316 

92 

1.44 

139 

5.59 

46 

0.328 

93 

1.48 

140 

5-74 

5.770 

47 

0.339 

94 

1.53 

141 

5.90 

48 

0.351 

95 

1.58 

1.640 

142 

6.05 

49 

0.363 

96 

1.63 

143 

6.21 

50 

0.375 

0.360 

97 

1.68 

144 

6.37 

51 

0-388 

98 

1.74 

145 

6.53 

6.600 

52 

0.401 

99 

1.80 

146 

6.70 

53 

0.415 

100 

1.86 

1.860 

147 

6-87 

54 

0.429 

101 

1.92 

148 

7.05 

55 

0.443 

0.416 

102 

1.98 

149 

7-23 

56 

0458 

103 

2.04 

150 

7-42 

7.530 

57 

0-474 

104 

2.11 

151 

7.61 

58 

0-490 

105 

2.18 

2.100 

152 

7.81 

59 

0-507 

106 

2.25 

153 

8.01 

60 

0524 

0.516 

107 

2.32 

154 

8.20 

61 

0-542 

108 

2.39 

155 

8.40 

8.500 

62 

0560 

109 

2.46 

156 

8.60 

63 

0.578 

110 

2.53 

2.456 

157 

8.81 

64 

0-597 

111 

2.60 

158 

9.02 

65 

0616 

0.630 

112 

2.68 

159 

9.24 

66 

0-635 

113 

2.76 

160 

9.46 

9.600 

67 

0-655. 

114 

2.84 

161 

9.68 

68 

0-676 

115 

2.92 

2.820 

162 

9.91 

69 

0-698 

116 

3.00 

163 

10.15 

70 

0-721 

0.726 

117 

3.08 

164 

10.41 

71 

0.745 

118 

3.16 

165 

10.68 

10.800 

72 

0-770 

119 

3.25 

166 

10.96 

73 

0.796 

120 

3.33 

2.300 

167 

11.25 

74 

0.823 

121 

3.42 

168 

11.54 

75 

0-851 

0.860 

122 

3.50 

169 

11.83 

76 

a880 

123 

3.59 

170 

12.13 

12.050 

77 

0.910 

124 

3.69 

171 

12.43 

.  7B 

0.940 

125 

3.79 

3.830 

172 

12.73 
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Table  L  continued. 


Temp. 
Fahr. 

Force  of  Vapoar. 

T«MP. 

Fahr. 

I 

Force  of  Vapour. 

Temp. 

Fahr. 

Force  of  Vapour. 

DaltOD. 

Ure. 

Dalton 

Ure. 

Dalton. 

U/e. 

1730 

13.02 

1   2240 

37.53 

2750 

83.13 

93.480 

174 

13.32 

225 

38.20 

39.110 

276 

84.35 

175 

13  62 

13.550 

226 

3889 

40.100 

277 

85.47 

97.800 

176 

13.92 

227 

39.59 

278 

86.50 

177 

14.22 

228 

40.30 

279 

87.63 

101.600 

178 

14.52 

229 

41.02 

280 

88.75 

101.900 

179 

14.83 

230 

41.75 

43.100 

281 

89.87 

104.400 

180 

15.15 

15.160 

231 

42.49 

282 

90.99 

181 

15.50 

232 

43-24 

283 

92.11 

107.700 

182 

15.86 

233 

4400 

284 

93.23 

183 

16.23 

^4 

44-78 

46  800 

285 

94.35 

112.200 

184 

16.61 

235 

4558 

47.220 

286 

95,48 

185 

17.00 

16.900 

236 

46-39 

287 

96.64 

114.800 

186 

17.40 

237 

4720 

288 

97.80 

187 

17.80 

238 

4a02 

50.300 

289 

98.96 

118.300 

188 

18.20 

239 

48.84 

290 

100.12 

120.150 

189 

18.60 

240 

49-67 

51.700 

291 

101.28 

190 

19.00 

19.000 

241 

50.50 

292 

102.45 

123.100 

191 

19.42 

242 

51.34 

53.600 

293 

103.63 

192 

19.86 

243 

52.18 

294 

104.80 

126.700 

193 

20.32 

244 

53.03 

295 

105.97 

129.000 

194 

20.77 

245 

53.88 

56.340 

296 

107.14 

195 

21.22 

21.100 

246 

54.68 

297 

108.31 

133.900 

196 

21.68 

247 

55.54 

298 

109.48 

137.400 

197 

22.13 

248 

56.42 

60.400 

299 

110.64 

198 

22.69 

249 

57.31 

300 

111.81 

139.700 

199 

23.16 

250 

58.21 

61.900 

301 

112.98 

200 

23.64 

23.600 

251 

59.12 

63.500 

302 

114.15 

144.300 

201 

24.12 

252 

60.05 

303 

115.32 

147.700 

202 

24.61 

253 

61.00 

304 

116.50 

203 

25.10 

254 

61.92 

66.700 

305 

117.68 

150.560 

204 

25.61 

255 

62.85 

67.25 

306 

118.86 

154.400 

205 

26.13 

25.900 

256 

63.76 

307 

120.03 

206 

26.66 

257 

64  82 

69.800 

308 

121.20 

157.700 

207 

27.20 

258 

65.78 

309 

122.37 

208 

27.74 

259 

66.75 

510 

123.53 

161.300 

209 

C8.29 

260 

67.73 

72.300 

311 

124.69 

164.800 

210 

28.84 

28.880 

261 

68.72 

312 

125.85 

167.000 

211 

29.41 

262 

69  72 

75.900 

313 

127.00 

212 

30.00 

30.000 

263 

7073 

314 

128.15 

213 

30-60 

t 

264 

7174 

77.900 

315 

129.29 

214 

31.21 

265 

72.76 

78.040 

316 

130.43 

215 

31.83 

1 

266 

73.77 

317 

131.57 

216 

3246 

33.400 

267 

74.79 

81900 

318 

132.72 

217 

33.09 

j 

268 

75.80 

319 

133.86 

218 

33.72 

269 

76.82 

84.900 

320 

135.00 

219 

3435 

270 

77.85 

86.300 

321 

136.14 

220 

34.99 

35.540 

271 

78.89 

88.000 

322 

137.28 

221 

35.63 

36.700 

272 

79.94 

323 

138.42 

222     36.25              [ 

273 

80.98 

91J200 

324 

139.56 

223     36.88                   274   1 

82.01 

325 

140.70  1                   1 
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TABLE  IL 

Dr.  Urt^u  TABLE,  thowing  the  eltutie  Force  of  the  Vapouro  of  AUohel^ 
Ether,  OH  of  T\irpewl%ne,  and  Petroleum  or  Naphtha,  at  deferent 
Temperatures,  expreeeed  in  Jnehee  of  Mercury. 


Ether. 

Akobol  ip.  gr.  0.813. 

Ateohol  ip.  gr.  0.813 

Petroleum. 

Force  of 

Force  of 

Foreeof 

Force  of 

Temp. 

Vapoar. 

T^mp. 

Vaponr. 

Temp. 

Vapour. 

Temp. 

Vapoar. 

340 

6.20 

32=> 

0.40 

193.3« 

46.60 

316° 

30.00 

44 

8.10 

40 

0.56 

196.3 

50.10 

320 

31.70 

54 

10.30 

45 

0.70 

200 

53.00 

325 

34.00 

64 

10.00 

50 

0.86 

206 

60.10 

330 

36.40 

74 

16.10 

55 

1.00 

210 

65.00 

335 

38.90 

84 

20.00 

60 

1.23 

214 

69.30 

340 

41.60 

94 

24.70 

65 

1.49 

216 

72.20 

345 

44.10 

104 

30.00 

70 

1.76 

220 

78.50 

350 

46.86 

105 

30.00 

75 

2.10 

225 

87.50 

355 

50.20 

110 

32.54 

80 

2.45 

230 

94.10 

360 

53.30 

115 

35.90 

85 

2.93 

232 

97.10 

365 

56.90 

120 

39.47 

90 

3.40 

236 

103.(50 

370 

60.70 

125 

43.24 

95 

3.90 

238 

106.90 

372 

61.90 

130 
135 

47.14 
51.90 

100 
105 

4.50 
5.20 

240 

244 

111.24 
118.20 

375 

64.00 

140 

56.90 

110 

6.00 

247 

122.10 

Oil  of  Turpentine.  | 

145 
150 

62.10 
67.60 

115 
120 

7.10 
8.10 

248 
249.7 

126.10 
131.40 

Temp. 

Foreeof 

155 

73.60 

125 

9.25 

250 

132.30 

Vapour. 

160 

80.30 

130 

10.60 

252 

138.60 

165 

86.40 

135 

12.15 

254.3 

143.70 

3040 

30.00 

170 

92.80 

140 

13.90 

258.6 

151.60 

307.6 

32.60 

175 

99.10 

145 

15.95 

260 

155.20 

310 

33.50 

180 

108.30 

150 

18  00 

262 

161.40 

315 

35.20 

185 

116.10 

155 

20.30 

264 

166.10 

320 

37.06 

190 

124.80 

160 

22.60 

322 

37.80 

195 

133.70 

165 

25.40 

326 

40.20 

300 

142,80 

170 

28.30 

330 

42.10 

205 

151.30 

173 

30.00 

336 

45.00 

210 

166.00 

17a3 

33.50 

340 

47.30 

180 

34.73 

343 

49.40 

182.3 

36.40 

347 

51.70 

185.3 

39.90 

350 

53.80 

190 

43.20 

354 
357 
360 
362 

56.60 
58.70 
60.80 
62.40 
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TABLE  III. 


Dr.  Urt^M  TABLE  of  the  Quantity  of  (hi  of  Vitriol,  of  op.  gr.  1.8485,  t 
of  Atdtydrouo  Add,  in  XOO  Parts  of  dilute  Sulphuric  A^id^  at  d^ereni 
beneittee. 


Liquid. 

Sp.Gr. 

Dry. 

Liquid. 

Sp.Gr. 

Dry. 

Liquid. 

Sp.  Gr. 

Dry. 

100 

1.8485 

81.54 

66 

1.5503 

53.82 

32 

1.2334 

26.09 

99 

1.8475 

80.72 

65 

1.5390 

'53.00 

31 

1.2260 

25.28 

98 

1.8460 

79.90 

64 

1.5280 

52.18 

30 

1.2184 

24.46 

97 

1.8439 

79.09 

63 

1.5170 

51.37 

29 

1.2108 

23.65 

96 

1.8410 

78.28 

62 

1.5066 

50.55 

28 

1J2032 

22.a3 

95 

1.8376 

77.46 

61 

1.4960 

49.74 

27 

1.1956 

22.01 

94 

1.8336 

76.65 

60 

1.4860 

48.92 

26 

1.1876 

21.20 

93 

1.8290 

75.83 

59 

1.4760 

48.11 

25 

1.1792 

2038 

92 

1.8233 

75.02 

58 

1.4660 

47.29 

24 

1.1706 

19.57 

91 

1.8179 

74.20 

57 

14560 

46.48 

23 

1.1626 

18.75 

90 

1.8115 

73.39 

56 

1.4460 

45.66 

22 

1.1549 

17.94 

89 

1.8043 

72.57 

55 

1.4360 

44.85 

21 

1.1480 

17.12 

88 

1.7962 

71.75 

54 

1.4265 

44.03 

20 

1.1410 

16.31 

87 

17870 

70.94 

53 

1.4170 

43.22 

19 

1.1330 

15.49 

86 

1.7774 

70.12 

52 

1.4073 

42.40 

18 

1.1246 

14.68 

85 

1.7673 

69.31 

51 

1.3977 

41.58 

17 

1.1165 

13.86 

84 

1.7570 

68.49 

50 

1.3884 

40.77 

16 

1.1090   13.05 

83 

1.7465 

67.68 

49 

1.3788 

39.95 

15 

1.1019   12J23 

82 

1.7360 

66.86 

48 

1.3697 

39.14 

14 

1.0953   11.41 

81 

1.7245 

66.05 

47 

1.3612 

38.32 

13 

1;0887 

10.60 

80 

1.7120 

65.23 

46 

1.3530 

37.51 

12 

1.0809 

9.78 

79 

16993 

64.42 

45 

1.3440 

36.69 

11 

1.0743 

8.97 

78 

1.6870 

63.60 

44 

1.3345 

35^8 

10 

1.0682 

ai5 

77 

1.6750 

62.78 

43 

1^255 

35.06 

9 

1.0614 

7.34 

76 

1.6630 

61.97 

42 

1^165 

34.25 

8 

1.0544 

6.52 

75 

1.6520 

61.15 

41 

1-3080 

33.43 

7 

1.0477 

'5.71 

74 

16415 

60.34 

40 

1.2999 

32.61 

6 

1.0405 

4.89 

73 

1.6321 

59.52 

39 

1-2913 

31.80 

5 

1.0336 

4.08 

72 

1.6204 

58.71 

38 

1-2826 

30.98 

4 

1.0268 

3.26 

71 

1.6090 

57.89 

37 

1-2740 

3017 

3 

1.0206 

2.446 

70 

1.5975 

57.08 

36 

1-2654 

29.35 

2 

1.0140 

1.63 

69 

1.5868 

56^26 

35 

1-2572 

28.54 

1 

1.0074 

0.8154 

68 

1.5760 

55.45 

34 

1-2490 

27-72 

67 

1.5648 

54.63 

33 

1-2409 

26.91 
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TABLE  IV. 


Dr.  Ure*i  TABLE  of  the  (^ntity  of  Real  or  Anh/drout  NUrie  Aeid  in 
100  ParU  of  Liquid  Aeid^  at  different  Deneities, 


SpeGifle 

Real  Acid 

Specific 

Real  Acid 

Specific 

Real  Acid 

Grayity. 

in  100  parts 
oftheUquid. 

Gravity. 

in  100  parts 
of  the  liquid. 

Gravity. 

in  100  parts 
of  the  liquid. 

1^000 

79.700 

1.3783 

52.602 

1.1895 

26.301 

1.4980 

78.903 

1.3732 

51.805 

1.1833 

25.504 

1.4960 

78.106 

1.3681 

51.068 

1.1770 

24.707 

1.4940 

77.309 

1.3630 

50.211 

1.1709 

23.910 

1.4910 

76.512 

1.3579 

49.414 

1.1648 

23.113 

1.4880 

7S715 

1.3529 

48.617 

1.1587 

22.316 

1.4850 

74,918 

1.3477 

47.820 

1.1526 

21.519 

1.4820 

74.121 

1.3427 

47.023 

1.1465 

2a  722 

1.4790 

73.324 

1.3376 

46.226 

1.1403 

19.925 

1.4760 

72.527 

143323 

45.429 

1.1345 

19.128 

1.4730 

71.730 

1.3270 

44.632 

1.1286 

18.331 

1.4700 

70.933 

1.3216 

43.835 

1.1227 

ir.su 

1.4670 

70.136 

1.3163 

43.038 

1.1168 

16.737 

1.4640 

69.339 

1.3110 

42.241 

1.1109 

15.940 

1.4600 

68.542 

1.3056 

41.444 

1.1051 

15.143 

1.4570 

67.745 

143001 

40.647 

1.0993 

14.346 

1.4530 

66.948 

1.2947 

39.850 

1.0935 

13.549 

1.4500 

66.155 

1.2887 

39.053 

1.0878 

12.752 

1.4460 

65.354 

1.2826 

38.256 

1.0821 

11.955 

1.4424 

6^557 

1.2765 

37.459 

1.0764 

11.158 

1.4385 

63.760 

1.2705 

36.662 

1.0708 

10.361 

1.4346 

62.963 

1.2644 

35.865 

1.0651 

9.564 

1.4306 

62.166 

12583 

35.068 

1.0595 

8.767 

1.4269 

61.369 

1.2523 

34.271 

1.0540 

.    7.970 

1.4228 

60.572 

1.2462 

33.474 

1.0485 

7.173 

1.4189 

59.775 

1.2402 

32.677 

1.0430 

6.376 

1.4147 

58.978 

1.2341 

31.880 

1.0375 

5.579 

14107 

58.181 

1.2277 

31.083 

1.0320 

4.782 

1.4065 

57384 

1.2212 

30.286 

1.0267 

3.985 

14023 

56.SS7 

1J2148 

29.489 

1.0212 

3.188 

1.3978 

55,790 

1.2084 

28.692 

1.0159 

2.391 

1.3945 

54.993 

1.2019 

27.895 

1.0106 

1.594 

1.3882 

54.196 

1.1958 

27.098 

1.0053 

0.797 

1.3833 

53.399 
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TABLE  V. 


TABLE  of  LoMfitM  Bhowing  the  Q^AiOUy  of  Ah$oluU  Akokai  m  ^inta  tf 
difirtnt  Specific  OrmriiieB. 


100  Parts. 

Sp.  Gravity. 

lOOPartB. 

Sp.  Gravity. 

100  Parts 

Sp.  Graritj. 

Ale 

Wat. 

A1680. 

Ateoo. 

Ale 

Wat. 

At«8o. 

AtflOo. 

Ale. 

Wat, 
68 

MWP.l  At  eoo. 

100 

0 

0.791 

0.796 

66 

34 

0.877 

0.881 

32 

0.952 10,9&5 

09 

1 

0.794 

0.798 

66 

85 

0.880 

0.883 

31 

69 

0.954 1  ass? 

98 

2 

0.797 

0.801 

64 

36 

0.882 

0.886 

30 

70 

0.956  0.958 

97 

3 

0.800 

0.804 

63 

87 

0.885 

0.889 

29 

71 

0.957   0.960 

90 

4 

0.803 

0.607 

62 

88 

0.887 

0.891 

28 

72 

0.959 

0962 

95 

6 

0.806 

0.809 

61 

39 

0.889 

0.893 

27 

73 

0.961 

0.963 

94 

6 

0.808 

0.812 

60 

40 

0.892 

0.896 

26 

74 

0.963 

0.965 

93 

7 

0.811 

0.816 

69 

41 

0.894 

0.898 

26 

76 

0.966 

0.967 

92 

8 

0.813 

0.817 

58 

42 

0.896 

0.900 

24 

?f 

0.966 

0.968 

91 

9 

0.816 

0.820 

67 

43 

0.899 

0.902 

23 

0.968 

0.970 

90 

10 

0.818 

0.822 

66 

44 

0.901 

0.904 

22 

78 

0.970 

0972 

89 

11 

0.821 

0.826 

56 

45 

0.903 

0.906 

21 

79 

0.971 

0.973 

88 

12 

0.823 

0.827 

54 

46 

0.906 

0908 

20 

80 

0.973 

0.974 

87 

13 

0.826 

0.830 

63 

47 

0.907 

0910 

19 

81 

0.974 

0  975 

86 

14 

0.828 

0.832 

62 

48 

0.909 

0.912 

18 

82 

0.976 

0.977 

86 

16 

0.831 

0.836 

61 

49 

0.912 

0.916 

17 

83 

0.977 

0.978 

84 

16 

0.834 

0.838 

50 

60 

0.914 

0.917 

16 

84 

0.978 

0.979 

83 

17 

0.836 

0.840 

49 

51 

0.917 

0.920 

15 

85 

0.980 

0981 

82 

18 

0.839 

0.643 

48 

52 

0.919 

0.922 

14 

86 

0.981 

0.9^ 

81 

19 

0.842 

0.846 

47 

63 

0.921 

0.924 

13 

87 

0.983 

0.984 

80 

20 

0.844 

0  848 

46 

64 

0.923 

0.926 

12 

88 

0.986 

09^ 

79 

21 

0.847 

0.851 

46 

56 

0.926 

0.928 

11 

89 

0.986 

0.987 

78 

22 

0.849 

0863 

44 

66 

0.927 

0.930 

10 

90 

0.987 

0.988 

77 

23 

0.861 

0.866 

43 

57 

0.930 

0.933 

9 

91 

0.988  0.989 

76 

24 

0853 

0.837 

42 

68 

0.932 

0.936 

8 

92 

0.999  0.990 

76 

26 

0.866 

0.860 

41 

69 

0.934 

0.937 

7 

93 

0.99110.991 

74 

26 

0.869 

0.863 

40 

60 

0.936 

0.939 

6 

94 

0.992' 0.992 

73 

27 

0  861 

0.866 

39 

61 

0.938 

0.941 

6 

96 

0.994 

1 

72 

28 

0.863 

0.867 

38 

62 

0.940 

0.943 

4 

96 

0.995 

71 

29 

0.866 

0.870 

37 

63 

0942 

0.946 

3 

97 

0.997 

70 

30 

0.868 

0.872 

36 

64 

0.944 

0.947 

2 

98 

0.998                1 

69 

31 

0.870 

0.874 

35 

66 

0.946 

0.949 

1 

99 

0.999 

68 

32 

0.872 

0.875 

34 

66 

0.948 

0.951 

0 

100 

1.000 

67 

33 

0.876 

0.879 

33 

67     0.960 

0.953 
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TABLE  9howing  the  Specific  Oraviiy  of  lAquide,  at  the  Temperature  of 
55^  Fahr.  eorreeponding  to  the  Degrees  of  Baumi^s  Hydrometer. 

For  Liqnicb  lighter  than  Water. 


Def.    fliKOr. 

Deg. 

Sp.Or. 

Veg.      8p.Gr. 

Deg.     Sp.Gr. 

Deg. 

6p.Gr. 

10=  1.000 

17  = 

s    .949 

23=:    .909 

29 »    .874 

35  = 

=    .842 

11         .990 

18 

.942 

24         .903 

30        .867 

36 

.837 

12        .985 

19 

.935 

25         .897 

31         .861 

37 

.832 

18         .977 

2 

.928 

26         .892 

32         .856 

38 

.827 

14         .970 

21 

.922 

27         .886 

33         .852 

39 

.822 

15         .963 

22 

.915 

28         380 

34        .847 

40 

.817 

16         .966    ' 

For  Liquids  heavier  than  Water. 

Dtg.    Bp-Gf. 

Deg. 

8p.Gr. 

Deg.     Sp.Gr. 

Deg.     Bp.  6r. 

Deg 

Bp.Gr. 

0=  1.000 

15  = 

=  1.114 

30  _  1.261 

45=  1.455 

60  = 

=  1.717 

df     1.020 

18 

1.140 

33       1.295 

48       1.6<K) 

63 

1.779 

6       1.040 

21 

1.170 

36       1.333 

51        1.547 

66 

1.848 

9       1064 

24 

1.200 

39       1.373 

54       1.594 

69 

1.920 

12       1.089 

27 

1.280 

42       1.414 

57       1.659 

72 

2.000 

Mercaptan^ — ^Profenor  Zeite  of  Copenhagen  has  made  some  interesting 
researches  on  a  liquid  of  an  ethereal  character,  which  he  terms  mercaptan, 
from  its  energetic  action  III  peroiide  of  mercury  (corpus  mercurium  cap^ 
talis).  When  sulphovinate  of  baryta  is  distilled  with  a  strong  solution  of 
protosulphuret  of  barium,  a  volatile  liquid  along  with  water  passes  over,  and 
sulphate  of  baryta  remaius  in  the  retort,  there  being  no  other  residue  when 
the  ingredients  are  in  atomic  proportion.  The  ethereal  product,  which  is 
formed  on  the  surftce  of  water,  consists  of  two  compounds,  separable  by  care- 
ful  distillation,  one  termed  lAtalte  ether  (6fiov  sulphur),  and  the  other  mercap- 
tan. The  latter  is  generated  in  still  larger  quantity  by  the  action  of  a  sul- 
phovinate  with  bisulphuret  of  barium,  or  with  hydro^sulpburet  of  barium 
(page  471) ;  but  in  no  case  is  the  theory  of  its  formation  complete,  owing  to 
the  simultaneous  production  of  thialic  ether,  the  composition  of  which  is  not 
yet  known. 

Mercaptan,  to  judge  of  the  facts  yet  ascertained,  consists  of  hydrc^en 
united  with  a  compound  inflammable  substance,  not  hitherto  obtained  in  a 
separate  state,  which  Zeiss  calls  mercapbim  (corpus  mereurio  aptum)  from 
its  strong  aflinity  for  mercury.  Like  cyanogen,  or  bisulphuret  of  cvanogen, 
it  combines  with  metals,  hydrogen,  and  doubtless  other  elements ;  and  these 
compounds  are  called  mercaptidee  or  meremturett.  Mercaptan  is  a  mercap- 
turet  of  hydrogen.    Mercaptum  consists  of^ 

Sulphur 
Carbon    . 
Hydrogen    . 

61.68    leq.         C*H»S* 

Mercaptan  oonsisCi  of  one  eq.  of  mercaptum  and  one  eq.  of  hydrogen,  its 
symbol  being  H-|-C«H«6s.  When  acted  on  by  potassium,  hydrogen  gas  is 
•volved,  and  meroaptoxet  of  potanmn  is  formed.  With  the  peroxide  of  mer* 

56 


32.2      2  eq. 

.        2S 

24.48    4eq. 

4C 

5         5eq. 

5H 
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eory  it  icto  Tiolently,  yielding  Water  and  a  white  cryitalline  solid,  Umer. 
captnrot  of  mercury,  which  may  be  decomposed  by  hydrosuliihiiric  acid, 
and  then  yields  bbuJphuret  of  mercury  and  mercaptan.  In  fact,  mercapCom 
and  mercaptan  are  related  to  each  other,  and  apparently  to  manj  other 
bodies,  like  cyanogen  and  hydrocyanic  acid. 

Pure  mercaptan  is  best  prepared  by  docomoosinff  bimercapturet  of  mer- 
cory  with  bydrosulphuric  acid.    It  is  a  colourless  nqnid,  of  a  highly  ] 


trating  odour,  analc^us  to  assaiastida  and  garlic,  and  of  an  ethereal  saocfaa- 
rine  taste.  It  i«tams  its  liouid  form  at  — ^,  boils  at  143^°,  and  has  a 
specific  mvity  at  SQ^  of  0.d«^.  It  is  neutral  to  test-paper,  dissolYos  in  elhcr 
and  alcohol  almost  in  all  proportions,  but  is  sparingly  soluble  in  water  C^n. 
de  Cfa.etdePh.lv.  87). 

JtfeUofi. — ^When  bisulphuret  of  cyanogen,  quite  dry,  is  heated,  a  quantity 
of  suli^ur  and  buulpburet  of  carbon  are  developed  and  expelled ;  while  a 
lemon-ycUow  powder  remains,  composed  of  six  eq.  of  carbon  and  four  eq.  of 
nitrogen.  It  bears  a  red  heat  without  change,  but  at  higher  temperatnres 
is  resolved  into  pure  cyanogen  and  nitrogen  gases.  It  unites  directly  with 
chlorine  and  potassium  when  healed  with  them,  and  in  its  chemical  rda- 
tions  appears  to  belong  to  the  same  class  of  bodies  as  cjaoo^en.  It  is  iaso- 
loble  in  water  and  alcohol.  When  digested  in  nitric  acid,  it  is  dissolved  and 
decomposed,  being  resolved,  with  scarcely  any  escape  of  binoxide  of  nitro- 
gen, into  ammonia  and  a  new  acid  termed  eyanUie  acid,  which  crystallias 
from  the  solution  on  cooling.  The  crystals  of  cyanilic  acid  contain  21  per 
cent  of  water,  which  may  be  expelled  by  heat,  and  the  add  itself  has  pre- 
dsely  the  same  composition  as  cyanuric  acid,  but  its  equivalent  is  twice  as 
great 

Liebig,  the  discoverer  of  these  compounds,  has  in  the  same  essay  with 
them  (An.  de  Ch.  et  do  Ph.  Iv.  5.)  described  the  four  following  substances. 

Jtfelom.— This  substance  is  formed  by  distilling  dry  hydrosulphoeyanale 
of  ammonia,  or  what  amounts  to  the  same,  a  mixture  of  sal  ammoniae  and 
sulphocyanuret  of  potossiom.  The  products  ara  ammonia,  bisalphorsC  of 
d  melam,  which  remains  in  the 


carbon,  hydrosolphurio  acidf  and  melam,  which  remains  in  the  retort,  i 
with  chloride  of  potassium  and  the  excess  of  sal  ammoniac.  By  levigmting 
and  washing  the  residue,  the  melam  is  obtsined  pure  in  the  form  of  a  yf^ 
low  powder.  When  heated  cautiously,  it  is  resolved  into  mellon,  ammpnia, 
and  some  other  volatile  product  By  digestion  with  nitric  acid  it  yields 
cyanuric  acid,  and  cyanic  acid  is  generated  when  it  is  fused  with  poCaaea. 
It  consiste  of  twelve  eq.  of  carbon,  nine  eq.  of  hydrogen,  and  eleven  eq.  of 
nitroeen. 

M3amine. — It  is  generated  when  melam  is  boiled  with  hydrochknic  acid 
or  with  a  solution  of  pure  potassa,  or  when  mellon  is  boiled  with  that  alkali, 
ammonia  bein^  always  generated  at  the  same  time.  The  melamine  being  of 
sparing  solubility  in  water,  separates  in  colourless  crj^stals,  the  form  of 
which  is  a  rhombic  octohedron  when  perfect  They  are  insoluble  in  alcohol 
and  ether. 

Melamine  has  no  alkaline  reaction  with  test-paper,  but  it  unites  with  all 
the  aoids,  forming  well-crystollixed  salts  with  them,  and  displaces  ammonia 
and  several  metaJlic  oxides  from  acids.  Melamine  is  thus  a  rsmarkahle  in- 
stance  of  the  artificial  production  of  an  alkaline  base.  It  is  composed  of  aix 
eq.  of  carbon,  six  eq.  of  nitrogen,  and  six  eq.  of  hjrdrogen,  the  sum  of  these 
quantities  being  the  combining  quantity  of  melamine. 

Ammeline. — This  substence  is  generated  and  held  in  solution  by  the  al- 
kali, when  melam  is  boiled  in  a  scuution  of  potassa;  and  it  is  thrown  down 
as  a  white  precipitate  when  the  liquid  is  neutralized  by  acetic  acid.  It  ia  in. 
soluble  in  water,  alcohol,  and  other,  but  is  dissolved  by  the  fixed  caustic 
alkalies  and  most  of  the  acids.  It  acte  towards  the  latter  as  a  base,  thoogh 
in  a  less  distinct  manner  than  melamine.  It  is  composed  of  six  eq.  of  car- 
bon, five  eq.  of  hydrogen,  five  eq.  of  nitrogen,  and  two  eq.  of  oxygen. 

Amtndiae. — ^MeUmine,  as  alM  melam»  is  resolved  by  strong  sulfthnrifi 
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aeid  into  ammelide  and  ammonia,  and  on  mixing  alcohol  with  the  aolution, 
tho  ammelide  is  thrown  down  at  a  white  powder.  It  is  alao  formed  by  boil- 
ings melamine  in  strong  nitric  acid  until  the  solution  is  complete.  Ammelide 
oonsiati  of  twelve  eq.  of  carbon,  nine  eq.  of  hydrogen,  nine  eq.  of  nitrogen, 
and  Biz  eq.  of  oxygen. 

Carhnretied  IMrogen  in  the  Aimo9]^here^ — ^M.  Boussinghault  has  jproved 
that  in  the  air  of  Paris  a  small  quantity  of  hydrogen,  rarely  amounting  to 

1  in  10,000  measures,  is  present,  either  free  or  in  combination.  The  fact 
was  proved  by  passing  a  large  quantity  of  air  previously  dried  by  chloride 
of  eueium  and  sulphuric  acid  with  scrupulous  care,  through  a  red-hot  tube 
filled  with  turnings  of  metallic  copper,  when  a  small  quantity  of  water  was 
alwaya  generated.  This  experiment  he  purposes  repeating  on  the  Alps,  He 
suspects  the  hydrogen  to  be  combined  with  carbon ;  because  Sanssure  has 
observed  that  air  deprived  of  carbonic  acid  gas,  and  then  mixed  with  hydro- 
gen gas  and  detonated,  always  eontained  traces  of  carbonic  acid.  (L*Institttt, 
23  August,  1834.) 

JNUwrrtiif  PhoMhonu, — ^This  substance  is  prepared  by  saturating  the  per- 
chloride  of  phosphorus  with  dry  ammoniacal  gas,  and  then  heating  the  pro- 
duct to  redness  in  a  current  of  dry  carbonic  acid  gas ;  when  hydroehlorate 
of  ammonia,  ammonia,  hydrogen  gas,  and  the  vapour  of  phosphorus  are 
expelled,  and  nitnret  of  phosphorus  remains  in  form  of  a  white  light  powder. 
This  compound  may  be  heated  to  redness  without  change,  and  resists  the 
action  of  alkaline  solutions,  chlorine  gas,  and  the  acids,  except  the  concen- 
trated nitric  and  sulphuric ;  but  when  fused  with  an  alkaline  hydrate,  am- 
monia is  abundantly  disengaged,  and  a  phosphate  generated.  Heated  in  the 
open  air  it  slowly  yields  phosphoric  acid.  According  to  the  analysis  of  H. 
Rose,  who  ascertamed  the  preceding  facts,  the  nituret  of  phosphorus  con- 
sists of  15.7  parts  or  one  eq.  of  phosphorus,  and  14.15  parts  or  one  eq.  of 
nitrogen.  (L*Institut,  15  February,  1834.) 

Btfnjptn.— >Mitscherlich  has  noticed  that  when  benzoic  acid  is  distilled  with 
an  excess,- sudi  as  3  times  its  weight,  of  slaked  time,  the  acid  is  entirely  re- 
solved into  carbonic  acid,  which  unites  with  lime,  and  Faraday*s  bicarbu- 
ret  of  hydrogen  (page  251),  to  which  Mitscherlich  has  given  the  name  of 
benzin.    The  change  is  such  that 

1  eq.  hydrous  benzoic  acid        s     2  eq.  benzin  2(3H4-6C) 

14C.f6H-HO  -^     and  2  eq.  carbonic  acid    2(C+20.) 

Feligot  has  obtained  a  similar  result  by  distilling  hydrated  benzoate  of 
lime ;  but  when  the  anhydrous  salt  is  used,  the  change  is  necessarily  some- 
what different,  and  a  volatile  liquid  called  benxone  passes  over,  carbonate  of 
lime  remaining  in  the  retort.    In  this  case 

1  eq.  anhydrous  benzoic  acid      ^     1  eq.  benzone  13C4.5H-|-0 

14C+5H+30  ^    and  1  eq.  carbonic  acid       CH-20. 

By  heating  benzone  with  lime  it  may  be  deprived  of  all  its  oxygen,  with 
production  of  carbonic  acid  and  naphthaline.  (L*Institut,  19  July,  1834.) 
These  phenomena  are  obviously  due  to  a  play  of  affinities  leading  to  the  pro- 
duction of  carbonio  acid. 

Mitscherlich  has  described,  under  the  name  of  BtdphaJfetunde^  a  com- 
pound formed  by  the  action  of  strong  sulphuric  acid  on  benzinf  the  reaction 
being  such  that 

2  eq.  benzin  .  .  .  2(3H4-6C)  2  1  eq.  sulpho-benz^  5H4-12C-fS.f20 
and  1  eq.  sul|^urio  add   S-f  30  *^  and  1  eq.  water  .    .    .    H+O. 

Strong  nitric  acid  acts  on  benzin  in  a  sbaBar  manner.  (Mitscherlich*s 
Lehrbadi  der  Chemie.) 
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JVopJkiAa^— Reichenbftchf  of  Blanako,  is  of  opinioa  that  native  naphtha  u 
aMentially  the  same  fluid  at  oil  of  turpentine,  and  contends  that  the  former 
is  not  generated  during  the  alow  changes  by  which  wood  is  converted  into 
coal,  but  existed  originally  in  the  wood  itself; — ^that,  in  &ct,  naphtha  is  the 
oil  of  turpentine  of  antediiuvian  pine  forests.  This  view  is  founded  on  the 
close  similarity  in  the  properties  of  naphtha  and  oil  of  turpentine.  He  ob- 
tained naphtha  from  coal  by  distillation  at  212*'.  Naphtha  is  certainly  not 
generated  by  heat  applied  to  beds  of  coal  in  the  same  manner  as  bitummons 
matter  is  generated  during  the  formation  of  coaLgas ;  for  native  naphtha  is 
free  from  the  products  which  characterize  the  latter  (page  549),  and  is  ^nite 
different  from  coal-tar  naphtha,  with  which  it  has  been  thought  JdenticaJ. 
(LlnsUtut,  7  June,  1834). 

Xanthic  and  Hudr9xanthic  Add^ — ^When  bisulphuret  of  carbon  is  agitated 
with  a  solution  of  pure  potass  in  strong  alcohol,  the  alkalinity  of  the  liquid 
disappears ;  and  on  exposing  the  solution  to  a  temperature  of  329^  colourless 
acicular  crystals  are  deposited  which  acquire  avellow  tint  on  exposure  to 
the  air.  Zeise,  who  first  prepared  this  salt  in  1822  (Annals  of  Phil.  N.  S.  iv.), 
supposed  ft  to  consist  of  potassa  united  with  an  hydracid,  the  radical  of  which 
he  believed  to  be  a  sulphuret  of  carbon.  To  the  radical  of  this  hydracid  he 
applied  the  term  xanihogen  (from  PtttBot  yellow,  and  ytttdut  I  generate),  ex- 
prcssive  of  its  tendency  to  form  yellow  compounds;  and  to  the  acid  he  gave 
the  name  of  hydroxantkie  acid.  He  has  since  substituted  the  name  of  xan- 
thic  acid,  from  finding  that  it  contains  oxygen  as  one  of  its  elements.  He 
•apposes  it  to  contam  the  elements  of  one  eq.  of  alcohd,  and  two  eq.  of 
bisulphuret  of  carbon ;  but  its  real  nature  has  not  yet  been  satis&ctorilj 
determined. 

Xanthic  acid  is  a  colourless  oily  fluid,  heavier  than  water,  of  a  strong  pe- 
culiar  odour,  and  a  taste  at  first  acrid  and  acid,  but  followed  by  bitterness 
and  astringency.  It  reddens  litmus  paper,  but  aflerwards  bleaches  it  It  is 
Insoluble  in  water,  and  is  prepared  l^  the  action  of  dilute  8ul{^aric  or  hy. 
drochloric  acid  on  xanthate  of  potassa.  It  possesses  little  permanency,  be- 
ing  decomposed  by  the  action  of  the  atmosphere ;  and  at  a  heat  short  of  212^ 
it  IS  resolved  into  bisolphuret  of  carbon  and  an  inflammable  gas. 
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Absolute  alcohol,  553 
Acetates,  503 
Acetous  fermentation,-  579 
,  definition  of,  430 
nomenclature  c^  IS^ 


sulphur,  470 
vegetable,  497 
Acid,  acetic  and  acetous,  509 
allantoic,  596 
ambreic,  601 
amniotic,  596 
am^Uc,  537 

antimonic  and  antimooious,  377 
arsenic,  357 
arsenious,  354 
aspartic,  570 
auric,  404 
aiulmic,  267, 571 
benioic,  512 
boleac,530 
boracie,  S05 
boro-bydrofluoric,  341 
bromic,  336 

bu^ric,  capric,  and  caproie,  599 
caffeic,  571 
caincio,  531 
camphoric,  356,  519 
earbaxotic,  523 
carbonic,  187 
caseic,568 
eerie,  548 
chloric,  317 
chloriodic,  331 
chlorooarbonic,  332 
chlorocjanic,  374 
chlorous,  217 
chlorozalic,  530 
cholesteric,  600 
cholic,  630 
chromic,  361 
citric,  508 
columbic,  373 
crameric,  531 
crooonic,501 
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Acid,  crotonic,  599 
cyanic,  370 
cjanilic,  663 

eyano-hydrosulphuric,  377 
cvanuric,  373 
elaiodic,  599 
ellafftc,  518 
ervUiric,  594 
ethero-phoephorie,  558 
ethero-snlphuric,  558 
ferrocyamc,  489 
ferruretted  chyazic,  489* 
fluoboric,240 
fluoric,  239 
fluosilicic,  326 
formic,  269,  499, 595 
fulminie,  272 
gaUic,  516 

fflacial  phosphoric,  20i 
hippuric,  595 
hircic,  599 
hydriodic,  998 
hydrobromic,  235 
hydrochloric  212 
hydrocyanic,  266,  530 
hydroferrocyanic,  489 
hydrofluoric,  338 
hydropersulphurio,  261 
hydroselenio,  261 
hydroseleniooyanic,  278^ 
hydrosulphoeyanic,  276 
hydroBulphuric,  258 
hydrotellurie,  3iB7 
hydroxanthic,  664 
hyponitrous,  178 
hypophosphoroiia,  5M)l 
hyposolphuric,  197 
hyposulphurotts,  196 
igasuric,520 
indigo-sulphttrie,  565 
indiffotic,  521 
iodic  229 
iodous,229 
iatrophic  599 
kinic506 
lactic  505 
lactttcic  521 
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Acid,  lampic,  555 
lithic,  593 
malic,  507 
manganic,  333 
margario,  59& 
marflraritio,  599 
mechloic,  575 
meconlc,  513 
mellitic,  501 
metagallic,  516 
metameconic,  514 
metaphosphoric,  204 
md^bdic  and  molybdoui,  370 
moric  or  morozyliCr  519 
mucic,  518 
muriatic,  212 
naneeic,  505 
nitric,  181 
nitro-mariatic,  215 
nitrous,  179 
oleic,  598 
osmie,  413 
oxalic,  498 
ozy-inuriatic,  209 
ozyprusaic,  274 
paracvanuric,  274 
parapfaosphoric,  202 
paratartaric,  5^2 
pectic,  520 
perchloric,  219 
periodic,  230 
permanganic,  332 
phocenic,  599 
phosphatic,  202 
phosphoric,  W2 
phosphorous,  201 
prussic,  266,  520^ 
purpuric,  594 
pyrocitric,  509 
pyrogallic,  517 
pyrokinic,  507 
pyroligneons,  502 
pyromalic,  507 
pyromucic,  519 
pyrophoBphoric,  203 
pyroUrtaric,  509 
pyro-uric,  594 
racemic,  511 
rheumic,  520 
ricinic,  599 
rocellic,  519 
rosacic,  594 
saccholactic,  518 
■ebacic,  599 
selenic,  207 
selenious,  207 
silicic,  324 
silicated  fluoric,  327 
■ilico-bydroflnoric,  327,  485 
aorbic,  520 


Acidt  stearict  599 

ralwric,520 

succinic,  518 

snlpbocyanie,  276 

sulpbonaiihtlialic,  954 

sulphoTinic,  557 

snlphoretted  chjaaie^  87S 

sulphuric,  194 

sulphuric,  fuming,  194 

sulphurous,  193 

tannic,  514 

tannic,  artificial,  51S 

tartaric,  509 

telluric  386 

tellurouB,  386> 

titanic,  384 

tungstic,  372 

ulmic,  571 

uric,  593 

valerianic,  519 

yellow,  588 

▼anadic,  367 

oftheyosm,511 

xanthic,  6S4 

zumie,520 
Adipocire,  600 
Aeriform  bodies,  20 
Aflinity,  chemical,  124 

table  0^125 

single  elective,  1525 

double  elective,  127 

disposing,  162 

by  what  circamstanees  i 
128 

quiescent  and  divellent^  127 

measure  of^  133 

changes  t^  aooompuiy,  127 
A^edoite,  569 
Air,  atmospheric,  167 

alkaline,  242 

fixed,  187 
Alabaster,  438 
Alembroth,  salt  of,  478 
Albumen,  588 

vegpetable,  568 

incipient,  622 
Alooaies,  553 
Alcohol,  552 

of  sulphur,  278 
Alpparoth,  powder  of,  375 
Alizarine,  567 
Alkali,  definition  of;  420 

volatile,  242 

silicated,  325 
Alkalies,  vegetable,  523 
Alkaline  air,  242 

bases,  420 

earths,  292 
Alkalimeter,  463 
Al]anite,3ei 
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AUoy>»983,416 
Almond  oil,  S13 
Aloeih  bitter  of,  533 
A]thea,532 
Alum,  441 

itone,441 
Alamen  ustum,  442 
Alamina,  or  aluminous  earth,  307 

sulphates  of,  439 

sulphates,  double,  o(  441 

acetate  of,  504 
Aluroinite,  439 
Aluminium  and  ite  compounds,  315 

oxyfluoride  of,  486 
Amalgams,  416 
Amalgam  for  looking-glasses,  416 

ammoniacal,  166 

for  electrical  machines,  416 
Amalgamation  ef  silver  ores,  400 
Amber,  518,  547 
Ambergris  and  ambreine,  601 
American  hiccory,  567 
Amidine,  536 
Ammelide,  663 
Ammeline,  663 
Ammonia,  liquid,  943 

character  of  the  salte  oC  243 

ooba]totoof,350 

sulphate  of,  438 

sulphates,  double,  of^  443 

sulphite  of,  443  » 

nitrate  of,  446 

phosphates  of,  453 

arseniates  oC  458 

carbonates  of,  464 

hydro-salte  of,  467 

sulphar-salte  of,  470 

haloid  salte  of,  477 

chlorides  with,  483 

oxalate  of,  500 

acetate  of,  504 

lacUte  of,  506 

magncsian  phosphate  oC  454 

suli^rbonate  of,  465 

bimalate  of,  507 

citrate  of,  508 

succinate  of,  518 
Ammoniacal  gas,  343 
Ammoniaret  of  copper,  440 
Aomios,  liquor  oC  B25 
Amygdaline,  573 
Anuysis  defined,  4 

proximate  and  ultimate,  of  orga- 
nic substenoes,  495 

of  minerals,  639 

of  gases,  637 

of  mineral  waters,  644 
Anhydrite,  438 
Animal  chemistry,  587 

proximate  substances,  587 


Animal  substances,  analysii  of,  494 

oils  and  fats,  596 

acids,  593 

jelly,  590 

heat,  615 

fluids,  617 

solids,  633 
Antimonialls,  pulvis,  377 
Antimoniates,  377 
Antimonites,  377 
Antimony  and  ite  compounds,  374 

regulus  of,  374 

argentine,  flowers  of,  375 

glass,  crocus,  and  li?er  of,  378 

alloys  of,  417 

golden  snlphuret  ot,  378 

oxychloride  of,  481 

tartrate  of,  and  potessa,  510 

test  of,  376 
Antimonio-sulphnrets,  476 
Anthracite,  553 
Apatite,  453 
Aposepedine,  634 
Apparatus,  Donovan's,  297 

Nooth's,  188 
Aqua  potessie,  396 

fortis,  181 

regia,  215 
Arbor  Dianfo,  401 

Saturni,  393 
Archil,  566 
Aricina,  530 

Arrangement  of  the  work,  4 
Arrow-root,  537 
Arseniates,  357,  456 
Arson  ites,  354 
Arsenic  and  ite  compounds,  353 

white  oxide  of,  354 

teste  of,  355 

alloys  of,  416 

fuming  liquor  of,  357 
Arsenio-sulphurets,  474 
Arsenical  solution,  459 
Arseniaretted  hydrogen,  358 
Arthanatin,  573 
Arterialization,  609 
Asparagin,  569 
Asphaltam,  549 
Atmospheric  air,  167 

chemical  properties  of,  HO* 

physical  properties  o^  168 

analysis  of,  170 

weight  of,  167 
Atom,  definition  of,  143 
Atomic  theory,  Dalton's  view  of,  14S 

weights,  143 
Attraction,  chemicalt  vide  affinity,  124 

cohesive,  3 

terrestrial,  or  gravity,  3 

electric,  71 
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AimtM,404 
Anro-chloridM,  478 
Ante,  166 

B 

Baldwin*8  photphonu,  69 

Balloons,  159 

Bdflams,547 

Bwma,464 

BtEito-oakita,  467 

Barium  and  its  compoandi*  806 

BaryU  or  barylM,  307 

hydrate  ciC  307 

tesU  of,  307 

•nlphato  ot^  438 

nitrmte  oC  446 

ttltrite  of;  448 

chlorate  of,  448 

arseniateso(  458 

carbonate  o^  465 

doable  carbonates  oC  467 

metaphosphate  o(l  456 
Barley,  malting,  589 
Barometer,  correoAioo  of;  lor  the  e^ 

fect8ofheat,18 
Basil  in  dyeing  (mordant),  563 
Bassorin,  570 

Battley*8  sedative  liqaer,  536 
Baam4*s  hydrometer,  degrees  of;  re- 
duced to  the  oommoQ  slaiid- 
ard,661 
BeU.nwUl,  417 
Benzin,  663 
Benzoates,  513 
Bemoin,  512 
Benaone,663 
Benzale,5i3,  543 
Benzamide,  545 
Benioine,  545 

Berlin  or  Prussian  Uoe,  490 
Berberin^  599 
Bile,  619 

Biliary  concretions,  690 
Bismuth  and  its  compounds,  389 

magistery  of;  383 

butter  of,  383 

alloys  of,  417 
Bitter  almonds,  oil  of;  543 
Bittern,  233 
Bituminoas  sufastaaoes,  549 

wood^551 
Biiamen,  549 
Black  dyes,  567 
Black  flux,  357,  510 
Black  lead,  340 
Blaok  oxide  of  iron,  336»  337 

oxide  of  copper,  389 

▼omit,  609 
Bleaching,  211 


Bleaefamg  powder,  313 
Blende,  343 
Bk)cktin,345 
Bkiod,601 

in  disease,  607 

cmor  or  crassamentam  of;  602 

coagulation  o^  606 

serum  of;  604 

serosity,  604 

colouring  matter  of^  604 

fibrin  of;  606 

bofiy  coat  of;  602 
Blood-root,  533 
Blowpipe  with  oxygen,  161 

with  oxygen  and  hydrogen,  160 
Blue,  Prussian  or  Berlin,  490 

Saxon,  565 
moe  dyes,  564 

Boa  constrictor,  urine  of;  593 
Bodies,  isomorphous,  489 

isomeric,  159 

plesiomorphous,  433 
Boiling  point  of  liquids,  42 
Bone  earth,  453 
Boracite,  461 
Bones,  633 
Borates,  460 
Borax,  461 

glass  of,  461 
Boro-fluorides,  484 
Boron  and  its  acids,  904 

terchloride  o^  293 
Boyle,  filming  liquor  of«  469 
Brain,  analysis  oi;  635 
Brass,  417 

brazing,  417 
Brazil  wood,  566 
Bromates,450 
Bromides,  237, 986 

double,  484 
Bromide  of  hydrocarbon,  950 

of  cyanogen,  976 
Bromine,  933 

its  compounds,  935 
Brown  coal,  55l 
Bronze,  417 
Brucia,  531     ' 
Brunswick  green,  489 
Bryonia,  573 
Butter,  629 

of  zinc,  343 

of  bismuth,  363 
Btttyrine,599 


Cadmium  and  its 
Caffein,  570 
Calamine  342 
Calcium  and  ite  oomi 
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CalcimtioD,  383 
Calculi,  ur 


BdiTary,  617 
Calcalafl,  malberrv,  501 

fibrinous,  633 

uric  add,  631 

bone  earth,  631 

ammoniaoo-magnesian  phos- 
phate, 631 

fusible,  632 

cystic  oxide,  632 

xanthic633 
Calomel,  396 
Caloric,  5 
Calorimeter  of  Lavoisier  and  Laplace, 

31 
Calorimotor,  92 
Calx,  283 

Camphene  or  camphogen,  255 
Camphor,  543  « 

artificial,  256,  542 
Camphorates,  519 
Cannel  coal,  551 
Cannon  metal,  417 
Canton^s  phoephoms,  313 
Caoutchouc,  547 

volatile  liquid  of,  548 

mineral,  549 
Capacity  for  beat,  29 
Carbon,  184 

chlorides  of,  219 

its  compounds  with  oxygen,  187 
with  hydrogen,  244 
with  nitrogen,  264 
with  sulphur,  278 
Carbo-sulphurets,  473 
Carbonates,  general  properties  of^461 

double,  467 
Carbonic  oxide,  18B 
Carburets,  metallic,  292 
Carburetted  hydrogen,  light,  245 
Carmine,  566 
Cartilage,  633 
Caseous  matter,  622 

oxide,  623 
Cassius,  purple  of,  346, 405 
Cassava,  537 
Catechu,  514 
Cathartin,  571 
CelesUne,  438 
Cerasin,  538 
Cerate,  548 
Cerin,  548 
Cerium  and  its  compounds,  381 

oxy-chloride  €fC,  481 
Cenilin,565 
Ceruse,  466 
Ctfussa  acetata,  504 
Cetine,60 


Cetrarin,  572 
Chalk,  465 

Chameleon,  mineral,  332 
Charcoal,  185 

animal,  or  ivory  black,  185 
Cheese,  622 
Chemical  aflSnity  or  attraction,  124 

symbols,  150 

equivalents,  141 

mode  of  ascertaining,  139 

scale  of,  141 

formuke,  150 
Chemistry,  definition  of,  3 

analytical,  637 

organic,  493 

inorganic,  121 

ve^table,  495 

animal,  587 
Classification  of  chemical  substances,  4 
Cleavage,  428 
Chlorates,  218 
Chloric  ether,  248 
Chloral,  222 
Chlorides  or  chlorurets,  211 

metallic,  285 
Chlorides  with  ammonia,  482 

with  pbosphuretted  hydrogen,482 
Chlorides  of  carbon,  219 

hydrocarbon,  248 

sulphur,  221 

phosphorus,  221 

boron,  223 

iodine,  231 

bromine,  237 

cyanogen,  274 

nitrogen,  219 

lime,  313 

soda,  303 
Chlorine,  209 

its  compounds,  212 

nature  of,  224 

bleaching  powers  of,  211 

disinfectuff  powers  of,  211 

theories  off  224 
Clilorophane,  69 
Chlorurets,  211 
Chlorophyle,  573 
Chloro-nitrous  gas,  223 
Choke-damp,  189 
Cholesterine,  600 
Chromates,  459 

of  chlorides,  460 
Chromate  of  iron,  359 
Chromium  and  its  compounds,  359 

sulphate  of,  440 

sulphate,  double,  of,  442 

oxalate  of,  and  potaasa,501 
Chrome  alums,  442 
Chrome  yellow,  460 
Chyle,  621 
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Chyme,  618 

Cinchona  bark,  active  principle  oC  5S8 

CSnchonia,  588 

Cinnabar,  399 

Cinnabar,  lactttioiM,  399 

Citrates,  508 

Citnne,256 

Coke,  553 

Clovei,  oil  oC  543 

Coal,  551 

gae,356 

mines,  fire^lamp  of,  346 
Coaipilation  of  the  blood,  606 
Cobalt,  and  its  compoonds,  348 

Bulphate  oC;  440 
Cobaltate  of  ammonia,  .850 
Cobalto-cyanuret  ofpotaeeinm,  493 
Cooculas  Indicoa,  principle  of|  533 
Cochineal,  566 
Codeia,  537 
Cohesive  attraction,  3 

influence  of^  over  chemical  ac- 
tion, 138 
Oold,artificial  methods  of  prodoeinff, 

39 
Ccrfocyntin,  573 

Cokraringf  matter  of  the  blood,  604 
Colouring  matters,  563 
Coloars,  adjective  and  sabstantive,  564 
Colambin,  575 

Columbiura  and  its  oonpoands,  373 
Combination  defined,  134 

utility  oflaws  of,  138 

laws  of,  134 

historical  facti  relatinf  to  laws 
of,  138 
Combinations,  metallic,  384 
Combining  proportions  explained,  135 

Uble  o^  141 

exemplifications  of,  137 
Combastion,  156 

theories  o^  156 

spontaneous,  «.  Phosphurstted 
hydrogen  and  Pyrophorus 
Composition  of  bodies,  136 

now  determined,  139 
Condenser,  80 
Conductor,  prime,  75 
Conductors  of  heat,  7 
Conduction  of  heat,  6 
Cooling  of  bodies,  14 

vdociW  of,  14 

law  o^by  Newton,  14 
Copal,  546 
Copper  nickel,  350 
Copper  and  its  compoonds,  387 

test  0^389 

alloys  of,  417 

pvHtes,  387 

glance,  390 


Copper,  snlphstes  of;  440 

nitrate  o£;  446 

arsenite  o^  459 

carbonate  ot,  466 

tinning  of,  417 

aceutes  of,  504 

bUck,389 

ammoniacal  sulphate  q£,  355, 440 

white  muriate  o^  389 

sheathing,  preservation  o^  89 

resin  of,  389 

white  of  the  Chinese,  417 

ore,  blue,  466 
Cork,  571 
Corrosive  sublimate,  397 

tests  ot,  398 
Corydalia,  533 
Corundum,  316 
Coumarin,  545 

Count  Rumfbrd*s  mode  of  ascertain- 
ing conducting  power  <^  arti- 
cles of  clothing,  7 
Cream  of  milk,  633 

of  lime,  311 

of  tartar,  510 
Creosote,  549 
Crocus  of  antimony,  378 
Cryolite,  486 
Cryophorus,  46 
Crystallization,  434 

systems  o^  438 

water  of,  433 
CrystaUograpJiy,  431 
Crystals,  primary  form  o£;  485 

secondary  form  oC  435 

angles,  planes,  edges  of,  in,  435 

structure  of,  438 

cleavage  o(  438 
Curcuma  paper,  567 
Curd,  633 
Cuticle,  634 
Cyanogen,  364 

compounds  of,  266 

chlorides  of,  274, 375 

iodide  of,  375 

bromide  of,  376 

bisulphuret  of,  377 

sulphuret  of,  877 
Cyanurets,  metallic,  (or  cyanides,) 
289 

double,  486 
Cyanuret,  red,  of  potaasiam  and  iron, 

490 
Cynopia,  533 
Cystic  oxide  oalonlos,  633 
Cytisin,  571 


Daphnia,  533 
Becompositioii,  simple,  135 


IHDIZ. 


671 


I>Mom|MMttioii«  doaUe,  136 
Decrepitation,  423 
Befinito  proportiont,  dootrine  of,  135 
Beflaflratiou,  S83, 444 
Bephloiirbticated  air,  153 

marine  acid,  209 
Beliqnesoenoe,  423 
Delphia,  532 
Bercwne,  eah  of,  526 
Derbyshire  apar,  312 
DeatmctiTe  distillation,  495 
Detonating  powders,  448 
Dew,  formation  o(  13 
Dew-point,  52 
Diabetic  wine,  629 
Diathermanous  substances,  68 
Diamond,  186 

Differential  thermometer,  23 
Diffusiveness,  173 
Diffusion  tube,  173 
Dig;esting  flask,  645 
DippePs  oU,  597 
Disinfecting  liquor,  303 
DistiUaUon  by  descent,  342 

destructive,  495 
Dobereiner*s  lamp,  159 
Dragon*8  blood,  546 
Dutch  gold,  417 
Dyes,  564 


Earths,  pore,  292 

siliceous,  324 
Earth,  alkaline,  292 

aluminous,  317 
Ebullition,  42 
Efflorescence,  423 

influence  of  over  affinity,  130 
Eggs,  589,  624 
Egg-sheUs,  634 
Ehine,  541 
Elastic  gum,  547 

Elasticity,  its   effects  on  chemical 
affinity,  104 

of  vapours,  47 
Elaterium,  575 
Elatin,  575 
Elective  affinity,  125 

attraction,  71 

repulsion,  71 

excitement,  causes  of,  75 

intensity,  33 
Electricity,  71 

elementary  facts  of,  71 

conductors  and  non-ooadnctors, 
0^71 

vitreous  or  positive,  72 

resinous  or  negative,  72 

theories  of,  73 

induction  o(  78 


Electricity,  atmospheric,  77 

identical  with  lightning,  87 

thermo,  75 

historical  notice  relating  to,  86 

condenser  of,  80 
Electrical  battery,  79 

accumulation,  laws  of,  83 

machine«>75 

unit  jar,  82 
Electro-chemical  decomposition,  the- 
ory of,  106 

equivalents,  105 
Electro-dynamics,  116 
Electro-magnetiam,  116 
Electrometer,  balance,  82 

gold  leaf,  80 

torsion,  81 

vulta,  106 
Electro-negative    and  pomtive   ele- 
ments, 107 
Electrophorus,  bO 

Electroscopes  and  electrometers,  80 
Elements,  what,  and  how  many,  4 
Elementary  substance^,   chemical 

equivalents  of,  141 
Emetia,  531 
Emetic  tartar,  510 
Empyreal  air,  153 
Emulsion,  541 
Endosmose,  613 
Epsom  salt,  438 
Equivalenta,  chemical,  141 

scale  of,  141 
Erytlirogen,  621 
Erytbrooium,  364 
Essential  oils,  541 

salt  of  lemons,  500 
Ethal,  600 
Ether,  554 

theory  of  the  formation  of,  556 

acetic,  561 

oialic,  560 

chloric,  561 

cyanuric,  561 

hydriodio,  560 

hydrochloric,  559 

nitrous,  560 

oxidized,  562 

hydrobromic,  560 

pyroacetie,  562 

sulphoc^anic,  561 

sulphuric,  555,  559 

thialio,  661 
Etherine,  250 

sulphate  of,  559 
Ethule  or  Ethyle,  556 
Ethiops  mineral,  399 

per  se,  395 
Euchlorine,  216 
Eodiometer,  origin  of,  171 

Hope's,  638 
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Endiometer,  VolU*i,  637 
Eapione,  252 
Evmporation,  45 

circamstanoM  inflaencing,  45 

caaee  of,  41,  47 

timitto,49 

Leslie's  method  of  freezing  by, 
46 
Exotmoee,  613 
EkponsioD  of  sotids,  16 

of  liquids,  18 

of  prases,  20 
Extractive  matter,  573 
Eztractam  Saturni,  504 
Eye,  humoars  o^  625 

action  oC  on  light,  62 


Fat  of  animals,  596 
Feathers,  634 
Fecala,  536 
Fermentation,  576 

acetous,  579 

penary,  579 

patreractive,  580 

▼inouB,  577 

saccharine,  576 
Ferro-cyanurets,  486 
Ferro-^esquicyanurets,  489 
Fibre,  woody,  539 
Fibrin,  587 

of  the  blood,  606 
Filter,  643 

Fire-damp  of  coal  mines,  246 
Fixed  air,  187 
Fixed  oUs,  540 
Flame,  vide  Combustion  and  Carbu- 

retted  Hydrogen 
Flesh,  634 
Flint,  324 
Flowers  of  sulphur,  191 

argentine,  of  antimony,  375 
Fluidity  caused  by  heat,  37 

heat  of,  37 
Fluoborates  of  ammonia,  469 
Fluosilicate  of  ammonia,  470 
Fluorides,  metallic,  287 
Fluorides,  double,  484 
Fluorine,  238 

theories  relating  to,  239 
Fluor  spar,  312 
Flux,  wliite  and  bkck,  510 
Fly  powder,  353 
Food  of  plants,  585 
Form,  charges  of^  exciter  of  electri- 
city, 77 
Freezing  mixtures,  39 

tallies  of,  39 

in  ▼acuow  Lesfie>  method  o( 
46 


Friforific  mixtures  with  now,  taUc 

of,  39 
Friction,  heat  produced  by,  54 

electricity  excited  by,  75 
Fulmii»tiiig  gold,  404 

mercury,  272 

platinum,  409    . 

sihrer,  402 
Fuming  liquor  of  Libavioi,  347 

of  Boyle,  469 

of  arsenic,  357 
Fungin,  571 
Funnel,  643 
Fusion,  36 

watery,  423 

point  oi;  282 
Fusible  metai,  417 
Fustic,  567 


Galena,  391,  394 
GaUates,  517 
Gall-nuU,  514 
GalUtones,  621 
Galvanic  battery,  92 

arrangrements,  88 
Galvanism,  87 

how  developed,  87 

effects  of,  99 

chemical  agency  of^  101 

electrical  agency  of,  100 

connection  of,  with  magnettsm, 
109 

theories  of  its  productioDt  ^ 
Galvanometer,  110 
Gases,  53 

mode  of  finding  the  specific 
gravity  of,  122 

condensation  of^  53 

law  of  etpansion  of,  21 

diffusion  of,  179 

formula  for  correcting  the  ef- 
fecUofheat,  49 

specific  heat  of,  31 

their  bulk  influenced  by  mois- 
ture, and  the  formula  for  cor- 
recting its  effects,  50 

analysis  of  mixed,  637 

absorption  of;  by  charcoa),  185 
Gases,  mode  of  drying,  53 

coal  and  oil,  256 

absorption  of,  by  water,  163 
Gastric  juice,  618 
Gelatin,  590 
Gentianin,  572 
Germination,  581 
Gibbsite,  318 
Gilding,  416 
Glance,  silver,  403 

coal,  562 
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Glance,  copper,  390 
Glass,  yarious  kinds  ot,  325 

expansion  of^  by  heat,  17 

of  antimony,  378 

of  borax,  461 
Glauber's  salt,  437 
Gliadine,  569 
Glucina,  319 

test  of;  320 
Glaciniam  and  its  oxide,  919 
Glue,  590 
Gluten,  568 
Glycerine,  599 
Gold  and  its  compounds,  402 

fiilminatinff  compound  of^  404 

ethereal  solution  of,  405 

alloys  of,  418 

mosaic,  347 

haloid  salts  of,  478 
Golden  sulphuret  of  antimony,  378 
Gonff,  Chinese,  417 
Goukrd's  extract,  504 
Gouty  concretions,  594 
Grain  tin,  345 
Graphite,  340 
Gravel,  urinary,  631 
Gravitation,  2 

Gravity,  effect  of,  on  chemical  action, 
133 

modes  of  determining  specific, 
121 
Green,  Scheelc*s,  459 

mineral,  466 

Brunswick,  482 
Growth  of  plants,  583 
Gum,  537 

resins,  547 

elastic,  547 

British,  537 
Gums,  538 
Gunpowder,  445 
Gypsum,  438 

H 

Haarkies,  352 
Hair,  634 
Haloid  salts,  477 
Hartshorn,  spirit  of;  242 
Harrowgate  water,  649 
Heat,  5 

definition  of,  5 

nalore  of,  5 

communication  of,  by  contact,  6 

conduction  of;  6 

conductors  of,  taUe  of;  7 

radiation  of;  6 

what  surfaces  best  anited  Jbr 
radiation  of,  9 

latent,  30 


Heat,  fi^30 

luminous,  67 

non.luminous,  11 

effecto  of,  15 

expansion  by,  15 
m  solids,  16 
in  liquids,  18 
in  gases,  20 

exception  to  the  law  of,  20 

how  conducted  by  liquids  and 
gases,  8 

specific,  29 

laws  of  distribution  by  radia- 
tion, 9 

capacities  of  bodies  for,  29 

of  fluidity,  37 

sensible  and  insensible,  30 

sources  of,  54 

animal,  615 

radiated,  0 

reflection  of,  10 

absorption  of,  10 

transmission  of,  11 

theory  o(  oy  PrevoetandPictet, 
12 

application  of  Prevost's  theory 
to  the  formation  of  dew,  by 
Dr.  Wells,  13 
Heavy  spar,  438 
Heraatin,  566 

Hematite,  brown  and  red,  337 
Hematosine,  604 
Hepar  sulphuris,  300 
Hiccory,  wild  American,  567 
Hogslard,  597 
Hircine,  599 

Homberg*s  pyrophorus,  442 
Honey,  535 
Honey-stone,  501 
Hoofs,  634 
Hordein,  583 
Horn,  634 

silver,  402 

quicksilver,  397 

lead,  394 
Humours  of  the  eye,  625 
Hydrargo-chlorides,  478 
Hydrates,  nature  of,  163 
Hydro,  how  employed,  163 
Hydriodates,  228 
Hydro-carbon  of  the  bloody  619 
Hydrocarburet,  245 

of  chlorine,  248 

of  iodine,  249 

of  hromine,  250 
Hydrochlorates,  467 
Hydrqgorets,  or  hyduntf,  299 
Hydrocyanates,  267 
Hydrogen,  158 

properties  of,  159 
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Hydrogen,  oxidation  of,  159 
peroxide  of,  163 
arscniuretted,  358 
bicarburct  of,  251 
light  carburetted,  245 
and  carbon,  componnda  of^  244 
and  carbon,  new  ooropounds  of^ 

244 
phosphurelted,  262 
pboephuretted,  chlorides  with, 

perpbosphuretted,  263 

and  nitrogen,  242 

and  potassiam,  299 

eeleniuretted,  261 

Bolphuretted,  258 

persulpburet  of,  260 

telluretted,  387 

with  meUls,  292 

auro-chloride  of,  479 

platino-biniodide  of,  483 

ierro-cyanuret  ofj  489 

ierro>se«quicyanuret  of,  490 

xinco-cyanuret  o£,  492 
Hydrometer,  Baum^X   degrees  of, 
reduced  to  the  common  stand- 
ard, 661 
Hydro4ulto,  467 
Hjdro-sulphurets,  471 
Hydro-solphocyanurets,  472 
Hygrometers,  51 
Hyperoxymuriates,  218 


I 


Iceland  spar,  465 
Ice,  19 
IdrialJne,  255 
Igasurates,  520 
Imponderables,  9 

inflaence  of  over  chemical  ac 
tion,  133 
Incandescence,  68 
Incipient  albumen,  ^22 
Indigo,  564 
Indigo^ene,  522,  566 
Induction,  electric,  78 

Volta-electric,  117 

magneto-electric,  117 
Ink,  515 

marking,  447 

sympathetic,  350 
Inflammable  air  of  marshes,  245 
Ingenbouz*s  method  of  sscertaiff. 
ing  the  conducting  power  of 
solids,  7 
Insolubility,  influence  of^  on  affinity. 

Insulators,  electrical,  72 
Inulin,  571 


lodates,  230,  449 

Iodide  of  hydrocarbon,  349 

of  cyanogen,  275 
Iodides,  or  iodurets,  231 

metallic,  286 

double,  483 

oxy.,  484 
Iodine,  226 

test  for,  227 

compounds  of,  359 

oxide  of,  229 

chk)rides  of,  231 
Ipecacuanha,    emetic  principle  o£t 

531 
Iridium  and  its  compounds,  413 
Iridio-chlorides,  481 
Iron  and  its  compounds,  334 

ores  of,  334 

cast,  335 

rusting  of,  335 

pyrites,  339 

pyrites,  magnetic,  340 

sulphates  o^  439 

alum,  442 

meteoric,  components  o^  334 

chromate  of,  459 

carbonate  of,  466 

jerro-sesquicyanuret  oC  490 
Isinglass,  590 
Isomeric  bodies,  152 
Isomorphism,  ^29 

Isomorphous  substances,  tabie  o^  430 
iTory  black,  185 


Jelly,  animal,  590 
vegetable,  538 
Jet,  551 


Kali,  296 
Kalium,  294 
Kermes  mineral,  378 
Kelp,  464 
Kinates,  507 
King's  yellow,  359 
Kupfer-nickel,  350 


Labarraque^s  soda  liquid,  303 

Lac  sulpnuris,  192 

Lakes,  563 

Lactates,  506 

Lamp  without  flame,  555 

safety,  246 
Lampblack,  546 
Lapis  cansticus,  296 
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Lapia  infernftlia,  447 

lazuli,  303 
Lard,  597 
Latent  heat,  30 
Lateritious  sediment,  594 
Law    of  multiples    of    oombining 
weights,  137 
of  multiples  of  combining  vol- 
umes, 145 
Laws  of  combination,  134 

of  the  distribution  of  radiant 
heat,  9 
Lead  and  iu  compounds,  391 
white,  393,  466 
horn,  394 
ceruse  of,  466 
nitrates  of,  447 
nitrites  of,  448 
phosphate  of,  454 
arseniates  of,  458 
carbonate  of,  466 
ozjchlorides  of,  482 
oxy .iodides  of^  484 
ozy.fluoride  of,  486 
acetates  of,  504 
malate  of;  507 
alloys  of,  417 
Lemons,  acid  of,  508 

eaaential  salt  of,  500 
Lenses,  59  et  seo. 
of  the  eye,  61 
Lepidolite,  305 
Leucine,  588 
Levden  jar,  78 

Libavius,  fuming  liquor  of^  347 
Ligaments,  634 
Light,  theories  of,  54 
diffusion  of,  55 
ordinary  ray  of,  64 
eitraordinary  ray  of,  64 
reflection  of,  55 
refraction  of,  58 
refraction,  double,  of^64    ^  ^ 
polarized,  64  **"*.' 

decomposition  of,  65 
calorific  rays  of,  66 
prismatic  colours  of,  65 
chemical  rays  of,  67 
magnetizing  raya  of,  67 
necessary  to  vegetation,  584 
terrestrial,  68 
sources  of,  68 
Lightning,  87 
Lignin,  £^ 
Lime,  or  quicklime,  311 

water,  milk,  and  hydrate  of,  311 
shiked,  311 
chloricb  of,  313 
sulphate  of,  438 
•ulphite  of,  443 


Lime,  nitrate  of,  446 

phosphates  of,  453 

arseniates  of,  458 

carbonate  of,  465 

double  carbonates  of,  467 

oxalate  of,  501 

acetate  of,  504 

stone,  465 
Liniment,  volatile,  541 
Liquefaction,  36 
Liquids,  expansion  of^  by  heat,  18 

conducting  power  of,  8 
Liquor  sanguinis,  602 

silicum,  325 
Liquorice  root,  sugar  of,  535 
Litharge,  392 
Lithia,  or  lithion,  305 

sulphate  of,  438 

tests  of,  306 
Lithates,  593 
Lithium  and  its  compounds,  305 

hydro-Bulphuret  of,  472 

carbo-sulphuret  of,  473 

arsenio-persnlphurets  of,  475    . 

molybdo-sulphuiet  of^  476 

hydrargo-chloride  of,  478 
Litmus,  566 

paper,  644 
Liver  of  antimony,  378 

of  sulphur,  288,  300 
Logwood,  566 
Luna  cornea,  402 
Lunar  caustic,  401,  447 
Lupulin,  571 
Lymph,  625 

M 

Madder,  567 
Magnesia,  314 

teste  of,  315 

sulphate  of,  438 

nitrate  of,  446 

phosphates  of;  454 

carbonate  of;  465 

oxalate  of,  501 
Magnesian  limestone,  467,  640 
Magnesite,  465 
Magnesium  and  ite  compounds,  314 

hydro-sulphuret  of,  472 

arsenio-persulphuret  of,  476 
Magnetic  iron  pyrites,  340 
Magnetism,  electro-,  116 
Magneto-electric  induction,  117 
Makchite,  466 
Malates,  507 
Maltha,  549 
Malting,  582 

Manganestum,  or  manganium,  337 
Manganese  and  ita  oompovipd^  327 
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Ifanguiese,  ralphate  oS!t  439 

alum,  492 
A^uina  and  manDite,  535 
Marble,  465 
Maaaioot,  392 
Mar^rine,  541,  598 
Matter,  physical  propertiea  of,  1 

chemical  properties  o^  3 

influence  of  qvantity  o£t  over 
affinity,  132 
Maconates,  514 
Medolltn,  571 
Melam,  662 
Melamine,  662 
Mellon,  662 
Membranes,-  634 

permeability  o^  to  gaiea,  613 
Mercaptan,  661 
Mercaptum,  661 
Mercury  and  its  coropocuida,  395 

with  metals,  416 

fulminating  compound  oi,  273 

sulphates  of,  440 

nitrates  of,  447 

carbonate  of,  466 

oxychloride  of,  482 

acetate  of^  505 
Metallic  combinations,  414 

bases  of  the  alkalies,  294 

bases  of  the  alkaline  earths,  306 

bases  of  the  earths,  315 
Metals,  279 

general  properties  of,  279 

alloys  of,  283,  414 

alkaline  or  alkaligenous,  292 

Uble  of  discovery  of,  260 

table  of  speciflc  gravity  of)  281 

malleability  of,  281 

ductility  of,  281 

crystallization  of,  282 

tenacity  of,  281 

hardness  of)  282 

structure  of,  282 

native  state  of)  283 

action  of  heat  on,  283 

action  of  electricitv  on,  284 

fusibility  of,  table  of,  282 

oxidation  of,  283 

reduction  of,  284 

compounds  of)  vrith 
chlorine,  285 
iodine,  286 
bromine,  286 
fluorine,  287 
sulphur,  287 
selenium,  289 
cyanogen,  289 
phosphorus,  291 
carbon,  292 
liydrc^peo,  292 


Metals,  classification  of,  292 
MeUphosphates,  456 
Meteoric  stones,  334 
Milk,  622 

sugar  of)  592, 
Mindererus,'  spirit  o£)  504 
Mineral  chameleon,  332 

green,  466 

yellow,  482 

Ur,  549 

pitch,  549 
Minerals,  analysis  of)  639 
Mineral  waters,  analysis  of,  644 
Minium,  393 
Molasses,  535 
Molybdates,  370 

Molybdenum  and  its  compounds,  368 
Molybdo-sulphurcts,  476 
Mordant,  563 
Morphia,  524 

salts  of,  526 
Mosaic  gold,  347 
Mother  of  pearl,  634 
Mucilage,  537 
Mucus,  625 
Mulberry  calculus,  501 
Multiples,  law  of,  137, 145 
Muriates,  467 

Muriatic  acid,  table  of  specific  gra- 
vity of,  214 
Muscle,  634 

converted  into  fiit,  600 
MusUrd,  oil  of,  543 
Mushrooms,  peculiar  substance  oC 

571 
Myrica  cerlfera,  548 
Myricin,  548 

N 

Nails  of  animals,  634 
Naphtha,  252 

from  coal  tar,  253- 

253 

of,  254 
Narcotina,  V 
Narceia,  i 
Natrium,  301 
Natron,  302 
Neutral  salts,  cha 
NeiAralization,  1{ 
Nickel  and  its  compounq 

alloys  of,  417 

sulphate  of,  440 
Nicotina,  533 
Nitrates,  444 
Nitrites,  448 
Nitre,  445 

Nitric  oxide  gas,  17fi 
Nitrogen  gas,  166 

properties  d)  166 


419 
.350 
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Nitrogen,  oiides  of,  167 

protoxide  of,  174 

binoxide  of,  176 

qaadrochloride,  219 

compounds  o£|  with  carbon,  364 
Nooth*8  apparatus,  188 
Nomenclature,  1522 


Oil,  DippePs  animal,  597 

of  vitriol,  194 

of  wine,  559 

gas,  256 
Oils,  animal,  596 

fixed,  540 

drrinff,  or  siccative,  540 

volatile,  or  essential,  541 

vegetable,  539 
Ointments,  546 
Olefiant  gas,  247 
Oleine,  541,  598 
Olive  oil,  540 
01ivile,572 
Opium,  active  principle  of,  524 

tests  of,  526 
Organic  chemistry,  493 

substances,  character  oij  495 
Orpiment,  359 
Osmazome,  634 

Osmium  and  its  compounds,  411 
Osmio-chloridcs,  481 
Oxalates,  500 

Oxamide,  or  oxalammidc,  500 
Oxidation,  154 
Oxide,  cystic,  632 

zanthic,  633 

osseous,  623 

carbonic,  189 
Oxides,  what,  123, 284 

nomenclature  of^  123 
Oxidum     manganoso-raansfanicum, 

331 
Oxidum  ferroso-ferricum,  337 
Oxygen,  153 

preparation  of,  153 

properties  of,  154 

necessary  to  respiration,  155 
Oxyhydrogcn  blowpipe,  160 
Oxymuriate  of  lime,  313 
Oxiodinc,  230 
Oxychlorides,  481 


Palladium  and  its  compounds,  409 
Palladio-chloridcs,  480 
Panary  fermentation,  579 
Pancreatic  juice,  618 

58 


Paper,  test,  preparation  of,  644 

Papin*s  digester,  43 

Paraffine,  251 

Faranaphthaline,  255 

Particles,  integrant  and  componwt,  3 

Patent  yellow,  482 

Pearls,  634 

Pearlash,  426 

Pectin,  539 

Pericardium,  liquor  of,  625 

Perchlorates,  449 

Perspiration,  fluid  of,  627 

Petroleum,  549 

Petroline,  251 

Pewter,  417 

Phenecin,  565 

Phlogiston,  158 

Phocenine,  599 

Phosgene  gas,  5222 

Phosphates,  450 

Phosphites,  201 

Phosphorescence,  69 

Phosphoric  ether,  555 

Phosphorus,  198 

its  combinations  witli  oxygen,  208 
with  hydrogen,  262 

chlorides  of,  221 

uitoret  of,  663 

sulphuret  of,  279 

Canton*s,  69,  313 

Baldwin*s,  69 
Phosphurets,  metallic,  291 
Phoephuretted  hydrogen  gas,  262 

salU  of,  470 

chlorides  with,  482 
Photometer,  70 
Picamar,  551 
Picromel,  619 
Picrotoxia,  532 
Pinchbeck,  417 
Piperin,  571 
Pitchblende,  379 
Pitch,  mineral,  549 
Pit-coal,  551 
Pittacal,  551 
Plants,  growth  of,  583 

digestion  of,  584 

food  of,  585 

respiration  of,  583 
Plaster  of  Paris,  438 
Plasters,  546 
Platinum  and  its  compounds,  406 

spongy,  480 

fblminatio^  powder  of,  409 

alloy  of,  with  arsenic,  417 
Platino-chlorides,  479 
Plesiomorphism,  433 
Plumbagin,  573 
Plumbago,  340 
PoUonin,  571 


era 
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Poljchioite,  567 

Popalin,  574 

Potuh  and  peariaih,  4G3 

PoUMa,996 

hydrate  of,  296 

■qua,  296 

lbn,396 

teata  of,  397 

Bulphates  of,  437 

Bulpliiteof,44d 

nitrate  of,  445 

nitrite  of,  448 

chlorate,  ozymariate,  or  hjrper- 
ozymuriate  of,  448 

iodatea  of,  449 

phoapbatea  of^  453 

araeniatea  of,  458 

araenite  of^  459 

chromatea  of,  459 

carbonatea  of,  462 

ozaUtea  of,  500 

aoeUte  of,  503 

makte  of,  507 

citrate  oC  508 

tartrates  of,  509 

tartrate  of,  and  aoda,510 

triple  prutaiate  of^  4B7 
Potaaaiam  and  ita  oompoundis  294 

rolphur-aalta  of,  470 

haloid  salU  of,  456 

hydro-anlphnret  of,  471 

hjdro-aulphocyanaret  of,  472 

carbo^ulphuret  of,  473 

areenio-pcraulpburets  of,  475 

molybdo-Bolphnret  of,  476 
PoUto,  starch  of,  536 
Precipitate,  red,  396 
Preasare,  inflaence  o^on  the  bulk  of 

fases,  168 
5 
Prismatic,  or  solar  spectrum,  65 
Proo^pirit,  553 
Proportions,  definite,  134 

combining-,  136 
Proximate  analysis,  495 

principles,  495 

of  vegetables,  495 
of  animals,  587 
Prussian  or  Berlin  Uue,  490 
Proasiates,  tide  Hydrocyanatcs. 
Pruasiate,  triple,  of  potassa,  487 

of  mercury,  265 
Pulvis  antiraoniiilis,  377 
Purple  powder  of  Cassius,  346,  405 
Purpuratea,  594 
Pus,  626 
Putrefaction,  635 
Potroftctive  fermentation,  580 
Pyrites,  iron,  339 

copper,  387 


Pyroacetic  ether,  562 
Pyrozylic  spirit,  562 
Pyrometer  of  Danie]lr26 

Wed^ood's,27 
Pyrophorua  of  Homher^,  442 
Pyrophosphates,  455 


Quantity,  its  influence  on  affinity,  132 
Quercitron  bark,  567 
Quicklime,  311 
Quicksilver,  395 

horn,  397 
QuiUs,  634 
Quinia,  or  quinine,  529 

R 

Raoematea.  512 
Radiation,  8 

Rays  of  heat,  an^lea  of  incidence 
and  reflection  of,  10 
luminous,  11 
non -luminous,  8 
Raysof]ig:ht,55 

anfflea  of  incidence  and  reflec- 
tion of^  55 
ang-Ies  of  refraction  of,  58 
Realgar,  358 
Red  lead,  393 

precipitate,  396 
dyes,  566 

oxide  of  manganese,  331 
oxide  of  copper,  388 
Reduction  of  meUla,  284 
,  Rennet,  622 
I  Resin  of  copper,  389 
,  Resins,  546 
I  fifaa  from,  258 

I  Respiration,  609 
i  of  plants,  584 

RetinasphaJtum,  549 
Rhaponticin,  572 
Rhein,  572 

Rhodium  and  its  compoonda,  410 
Rhodio-cblorides,  480 
Rhubarbarin,  572 
RocheUe  salt,  510 
Rouge,  567 


Saccharine  fermentation,  576 
Saccharam  Saturni,  504 
Safety-Iamp,  Sir  H.  Da?y*s,246 
improvement  of,  by 'Messrs. 
Upton  and  Roberts,  247 
Safllower,  567 
Saffron,  567 
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Saffo  ind  n]ep,537 
Sal  ammoniac,  468 
Salicin,  574 
SaUfiable  baae,  284 
Saliva,  617 
Salivary  matter,  61 T 
Salt,  common,  302 

Seignette  or  Rochelle,  510 

ofaorrel,500 

microcoamic,  453 
^  of  Deroane,  526 

G]auber*B,437 

of  Iemona,500 

rock,  bay,  fishery,  and  atoved, 
302 

petre,  445 

apirit  of,  212 
Solta,  general  remarks  on,  419 

nomenclature  of,  123,  422 

classification  of,  422 

affinity  of,  for  water,  423 

crystallization  of,  424 

double  and  triple,  434 

deliquescent,  423 

watery  fiision  of^  423 

efflorescence  of,  423 

water  of  crystallization  o^  423 
•    decrepitation  of^  423 

pleaiomorphism  of,  433 

of  morphia,  526 

isomorphous,  429 

oxy^433 

sulphates,  434 
double,  441 

aulphitea,  443 

nitrates,  444 

nitritea,  448 

chlorates,  448 

perchlorates,  449 

iodates,  449 

bromates,  450 

phosphates,  450 

pyropboaphates,  455 

metaphosphates,  456 

arseniates,  456 

arsenites,  459 

chromates,  459 

of  chlorides,  460 

borates,  460 

carbonates,  461 
double,  467 

hydro-,  467 

of  phoephuretted  hydrogen,  470 

sulphur-,  470 

hydro-sulphuretji,  471 

hydro-sulphocyanuretai  472 
'      carbo-sulphurets,  473 

arsenio^ulphurets,  474 

molybdo-sulphurets,  476 

antimonio-sulphurets,  476 


Salts,  tangsto-sttlphnrets,  477 

haloid,  477 

hydrargo-chlorides,  478 

auro-chlorides,  478 

platino-chloridos,  479 

palladio-chlorides,  480 

rhodio-chlorides,  480 

iridio-chlorides,  481 

osmio-cblorides,  481 

oxy-chlorides,  481 

chlorides  with  ammonia,  482 

chlorides  with   phoephuretted 
hydrogen,  482 

double  iodides,  483  ' 

ozy-iodides,  484 

double  bromides,  484 

double  fluorides,  484 

boro-fluorides,  4jB4 

silico-fluorides,  485 

tiUno-fluorides,  486 

oxy 'fluorides,  486 

double-cyanurets,  486 

ferro-cyanurets,  486 

ferro-sesquicyanurets,  489 

zinoo-cyanurets,  492 

cobalto-cyanuretB,  492 

oxalates,  500 

aceUtes,  503 

lactates,  506 

kinates,  507 

malatea,  507 

citrates,  508 

Urtrates,  509 

benzoates,  513 

meconates,  514 

raceraates,  512 

tannates,  516 

gallates,  517 

succinates,  518 

camphoratea,  519 

i^surates,  520 
Sanguinaria  Canadensis,  533 
Saponin,  573 
Sarcocoll,  572 
Saxon  blue,  565 
Scale  of  equivalents,  141 
Scheele*8  green,  355,459 
Sea-water,  646 
Secreted  aniipal  fluids,  617 
Sealing-wax,  546 
Scillitin,  573 

Sediment  of  urine,  594,  630 
Seignette,  salt  of,  510 
Se]enite,438 
Selenium,  206 

oxide  of,  207 

bisulphuret  of,  279 
Seleniuretted  hydrogen,  261 
Seleniurets,  metidlic,  289 
Seleniuret  of  phosphorus,  279 
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Senegfin,  573 

SerosLiy  and  ■cram,  604 

Serous  niombranes,  fluid  o^  635 

Serum,  602,  604 

Sheila,  634 

Silica  or  siliceous  earth,  324 

Silicates,  325 

Silieated  alkali,  325 

Silidum  and  its  compounds,  323 

Silioo-fluorides,  485 

Silicon,  323 

Silicum,  liquor,  325 

Silk,  634 

Silver  and  its  compounds,  400 

fulminatin);  compound  of^  402 

glance,  402 

alloys  of,  418 

amalgamation  of,  400 

sulphate  of,  440 

nitrate  of,  447 

phosphate  of,  454 

dipyrophosphate  o(  456 

arscniate  of,  458 

ffranulated,  401 

horn,  402 
Sinapisin,  575 
Skin,  634 
Slaked  lime,  311 
Slaff  formed  in  the  reduction  of  iron, 

334 
Smalt,  348 
Soap,  598 
Soda  or  natron,  302 

teste  of,  302 

chloride  of,  303 

sulphates  of,  437 

sulphite,  443 

nitrate  of,  446 

nitrite  of,  448 

pcrchlorate  of^  449 

phosphates  of^  452 

pyrophosphates  of,  455 

metaphosphate  of,  456 

arbeniates  of,  458 

arsenite  of,  459 

biborate  of,  461 

carbonate  of,  464 

oxalate  of,  500 

acetate  of,  503 

malate  of,  507 

citrate  of,  508 

tartrate  of,  and  potassa,  510 

tartrate  of,  510 
Sodium,  or  natrium,  and  ite  com- 
pounds,  301 

chloride  of,  302 

hydro-sulphuret  oC  472 
Solania,532 
Solar  rays,  65 
Solders,  417 


Solids,  expansion  of  by  heat,  15 

liquefaction  of,  36 

conducting  power  of,  6 

specific  heat  of,  29 
Solution,  124 
Sorrel,  salt  of,  500 
Spar,  Iceland,  465 

fluor,  312 

heavy,  438 
Specific  gravity,  121 

heat,  29 

relation  of,  to  the  atonic 

vreights,  35 
of  gases,  31 
Speculum  metal,  417 
Spectrum,  solar,  65 

calorific  rays  of  the,  66 
Spelter,  342 
Spermaceti,  GOO 

oil,  597 
Spirit,  proof,  553 

of  wine,  552 

pyroxylic,  562 

pyroacctic,  562 

of  Mindererus,  504 

of  hartaliorn,242 
Stannates,  346 
Starch,  536 
Starkey*s  soap,  542 
Steam,  temperature  of^  43 

'•elasticity  of,  44 

latent  heat  of,  45 
Steam-engine,  principle  of,  44 
Stearine,  541, 597 
Steel,  341 

Indian  (wootz,)  418 

aUoys  of,  418 
Stream  Un,  345 
SUbium,  374 
Strontia,  or  strontites,  309 

teste  of,  310 

sulphate  of,  433 

nitrate  of,  446 

nitrite  of,  448 

carbonate  of,  465 

acetate  of,  504 
Strontianite,  465 
Strontium  and  ite  compoundst  303 

hydro-sulphuret  of^  472 

carbo^ulphuret  of,  473 
Strychnia,  530 
Suberin,  571 
Succinates,  518 
Suet,  597 
Sugar,  534 

of  lead,  504 

of  starch,  537 

of  grapes,  535 

of  fiquorice,  535 

ofmUk,592 
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Sugar  of  diabetes,  592 
Sao^aircandy,  534 
Salpbo-sinapiiiin,  575 
Sulphates,  434 

double,  441 
Sulphites,  443 
Sulpho-benzide,  663 
Sulphur,  191 

oxides  of,  192 

flowers  of,  191 

hydrate  of,  192 

chlorides  of,  221 
Sulphuris,  lac,  192 
Sulphnr^cids,  470 
Sttlphurete,  metallic,  287 
Sulphuretted  hydrogen,  258 
Sulphuretted  sulphites,  197 
Sulphuric  ether,  554 
Sulphur,  balsam  of,  542 

salts,  470 

bases,  470 
Sun,  heat  produced  by  the,  66 
Supporters  of  combustion,  156 
Surturbrand,  551 
Sweat,  627 
Synthesis  defined,  4 


TaUow,  597 

Tannic  acid,  or  tannin,  514 

artificial,  formation  of,  516, 
Tanno-gelatin,  515 
Tantalum,  373 
Tantalite,  373 
Tapioca,  537 
Tar,  inflammable  principles  of,  549 

mineral,  549 
Tartar,  510 

cream  of^  510 

soluble,  509 

emetic,  510 
Tartrates,  509 
Tears,  625 
Teeth,  634 

Telescope,  construction  of,  57 
Telluretted  hydrogen,  387 
Tellurium  and  ite  compounds,  385 
Temperature,  what,  28 

equilibrium  of,  9 
Tenacity  of  metals,  281 
Tendons,  634 
Thermometer,  or  thermoscope,  23 

air,  23 

differential,  23 

formula  for  conTerting  the  ex- 
pression of  one  into  another, 

graduation  of,  25 
register,  27 


Thorina,  321 

teste  of,  321 
Thorium  and  ite  compounds,  321 
Tin  and  ite  compounds,  345 

alloys  of,  417 

oxychlorides  of,  481 

permuriate  of,  347 
Tincal,  461  » 

Titanium  and  ite  compounds,  383 
Titeno-fluorides,  486 
Tombac,  417 
Traubensaure,  511 
Transfer,  galvanic,  101 
Train  oil,  597 
Treacle,  535 
Trona,  464 
Trough,  galvanic,  92 
Tungsten  and  ite  compounds,  371 
Tungstetes,  372 
Tungstcsulphurete,  477 
Turpeth  mineral,  440 
Turmeric,  567 

paper,  644 
Tumsol,  566 
Turpentine,  oil  of,  542 
Turkey  red,  567 
Type,  metal  for,  417 

U 

Ulmin,  571 

Ultimate  analysis,  495 

Ultramarine,  303 

Uranium  and  ite  compounds,  379 

Urates,  593 

Urea,  591 

Urine,  627 

of  the  boa  constrictor,  593 
Urinary  concretions  or  calculi,  631 


Vacuum,  boiling  in,  43 

evaporation  in,  46 
Vanadium  and  ite  oomponnds,  363 
Vaporization,  41 

cause  of,  41 
Vapour,  dilatation  of,  42 

density  of,  41 

elasticity  or  tension  of,  47 

latent  heat  of,  45 

presence  of,  in  gases,  50 

table  of  the  elastic  force  of,  44 
Varvicite,  331 
Vegetable  acids,  497 

acids,  table  of,  497 

alkalies,  523 
table  of,  524 
preparation  of,  524 

extract,  573 
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VegeUble  jelly,  538 

glttton  and  albanieii,  568 
cbemistry,  495 
•ubstanoet,  494 

having  oxygen  and  hydro- 
gen in  the  aaine  ratio  aa  in 
water,  533 
cdea^inoflB,  reainous,  and  bitu- 
minoua,  539 
VegeUtion,  583 
Veratria,  531 
Verdigris,  505 
Verditer,  466 
Vermilion,  399 
Vinegar,  560 
Vinoua  fermentation,  577 
Vision,  62 
Vital  air,  153 
Vitriol,  oil  of,  194 
blue,  440 
green,  439 
white,  439 
Vobtile  alkali,  242 
liniment,  541 
VoIta-«lectric  induction,  117 

electrometer,  106 
VoIU*s  eudiometer,  637 
pile,  92 
theory,  94 
Voltaic  cirdea,  laws  of  the  action  of, 

96 
Volumes,  theory  of,  144 
combining,  145 
table  oe;  146 

W 

Water,  composition  of,  161 

propertiea  of,  162 

expanaion  of,  in  freezing,  19 

boiling  and  freezing  points  of,  25 

of  crysUllization,  423 

rain,  snow,  spring,  well,  and 
river,  644 

of  the  sea  and  the  Dead  Sea,  646 
Waters,  mineral,  644 

tables  of  composition  of,  648 

acidulous,  644 

alkaUne,  645 


Waters,  chalybeate  and  sulphuretted, 
645 

silioeous,  647 

saline,  645 
Wax,  548 
Welding,  334 
Wheat-flour,  536 
Whey,  622 
White  lead,  466 

copper,  41 7 
Wioe,  quantity  of  alcohol  in,  554 

oil  of,  559 
Wires,  tenacity  of,  table  of;  282 
Wismoth,  382 
Witherite,  465 
Wood,  bituminous,  551 
Woody  fibre,  539 
Wool,  634 
Wootz,  418 

X 

Xanthic  oxide  calculus,  633 

Y 

Yeast,  569 

Yellow,  mineral  or  patent,  482 

King's,  359 

chrome,  460 

dyes^  567 
Yttria  and  its  base,  320 


Zantbopicrin,  572 

Zaffre,  348 

Zymome,  569 

Zinc  and  its  compounds,  341 

blende,  343 

brown  and  blue  blaze  of;  342 

butter  of,  343 

alloys  of,  417 

amalgam  of|  41 6 

sulphate  of,  439 

acetate  of,  505 
Zinco-cyanuretB,  492 
Zinetum,  341 
Zirconium  and  its  compounds,  322 


Pii|;e  107,  in  the  list  of  negative  electrics,  insert  ftrornmeoetween  chlorine 
and  iodine. 
'    107,  in  the  list  of  positive  electrics,  insert  <Aartufii  between  zirconium 
and  manganese. 
141,  equivalent  of  tellurium,  for  32.3  read  64.3,  being  the  number  given 

at  page  385  as  more  correct 
213,  in  the  formula  for  chloral,  for  9C1  read  9C 
3f)3,  line  43,  for  Jahtrg  read  Taberg, 


-••*/<^fWv      (5^.14. «<\^\/..       '    ^^vM.^%.- 


i  < 


*'  "'^'  ?•  iT  /  A  \  .^►••u 


/v.        »^*  ^  •         J  J  «     .  '      .     »       . 


m  *  '  '  ' 


./'       ^         ^' 


r     /r 


.    ^ 


</ 


/  .  V.:- 


-  /    j^-viJ  -■;••:'■"• 


2.      .r  6^^ 


3 

// 

• 

s- 

-      v., 

C 

.) ;  // 

V' 

.  ••  s  ? 

/ 

"■ 

^ 

.rS  ^-- 

'^  .'1 '  s 


,  '-7 


^' 


/V,  / 


2  v- 


?  -    •/  -■? 


/fit  «.      c'"-^  '  '  V.    „   A     y/f'-^  ,    /72,*<V^  v^2fey.„ 


•   N  «.".  \  V 


•^<^%^^M/i 


*    / 

1                   / 

1             /     '             >           ' 

■    / 
/        ' 

J 

:'■.  r  JP 

.•  y        /_'.'/• 


r 


